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Shock resulting from plasma fluid loss is an impor- 
tant problem in accidental trauma. Plasmanate® 
Plasma Protein Fraction (Human), 5% U.S.P. 
treats this condition with no risk of hepatitis. 

When speed and product safety are your prime 
considerations, Plasmanate solution is the product 
to start immediately. 

Plasmanate solution gives reliable volume expan- 
sion in cases of shock. It is particularly valuable 
where there is a predominant loss of plasma fluid 
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Summary of prescribing information: 
Plasmanate® plasr expander is stabilized, buffered, 5°% solution of 


selected plasma Proteins: 88% serum albumin, 7% alpha globulin, 5% 
beta globulin. Standardized electgolytes consistently deliver lower sodium 
(110 mEq.L), potassium (0.25 m L), and chloride (50 mEq.L), than 
plasma or 25% albumin. Each flask ® heat-treated at 60°C. for 10 hours 
against the possibility of transmitti§g the hepatitis virus. Indications: 
Shock from hemorrhage, burns, cryfhing injuries, abdominal emergencies 
and other causes when there is pr@flominant loss of plasma fluid and not 
red cells. Alsog treatment of hypifproteinemia. Warning: Observe hyper- 
olemic patienjs carefully dyfing and following infusion to avoid cir- 
latory embgfrassr s pulmonary edema. Precautions: Administer 
cayo uslwW onl o not mix or infuse through the same set with 
her Pretain rolysate solution or those containing ethyl alcohol. 
Plasmanate SoWMftidn does not contain coagulation factors and should not 
be relied on t reat coagulation defects. Use with care in patients with 
normg! Oreg blood volume. 
NOTE: Forcom 
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"Start Plasmanate Solution Now!” 


Four important words in accidental trauma. 









rather than red blood cells. 

Plasmanate solution is fractionated solely from 
human venous blood. There are no cross match- 
ing problems nor have any allergic reactions 
been reported with its use. 

For more information talk to your Cutter repre- 
sentative or write Cutter Laboratories, Inc., Fourth 
and Parker Streets, Berkeley, Califor- 
nia, 94710. World Leader in Human 


Plasma Fractions. 
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Berocca tablets 
is therapy 


With balanced, high potency 
B-complex and C vitamins. 
No odor. 

Virtually no aftertaste. 


Each Berocca Tablet contains: 
Thiamine mononitrate 
Riboflavin 

Pyridoxine HCI 

Niacinamide 

Calcium pantothenate 
Cyanocobalamin 

Folic acid 

Ascorbic acid 


Indications: Nutritional supplementation in con- 
ditions in which water-soluble vitamins are re- 
quired prophylactically or therapeutically. 
Warning: Not intended for treatment of perni- 
cious anemiaor other primary or secondary ane- 
mias. Neurologic involvement may develop or 
progress, despite temporary remission of ane- 
mia, in patients with pernicious anemia who re- 
ceive more than 0.1 mg of folic acid per day and 
who are inadequately treated with vitamin B12. 
Dosage: 1 or 2 tablets daily, as indicated by 
clinical need. : 
Available: In bottles of 100. 
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In surgery, 


N thinkof an APC/narcotic Tombini | 


that doesn't contain codeine. 


Think of Percodan: 


The narcotic component of Percodan isn't co- 
teine. It's oxycodone, and, although its habit 
forming potential is somewhat greater than co- gf 
deine, it does make a therapeutic difference. 4 
Quick onset of action, sustained effectiveness 

and rarely a case of constipation—these are 

* the distinct advantages that characterize therapy with 
Per@ddan. And a single tablet every 6 hours as neces- 


P is adequate in most cases. 
eftidition to the speed and effectiveness of oxycodone, 
’ercodan offers the established benefits of APC—a 
-Ombigatien that assures prompt, dependable anal- 
gesia in the management of patients with moderate to 
severe pain, whether seen in general, specialty or 
fhospital practice. 
a ture available upon request. 
codan is unique among therapeutic analgesics. Think 





Each yellow, scored tablet of Percodan c 
tains 4.50 mg. oxycodone HCI (Warning: M 
be habit forming), 0.38 mg. oxycodone tere 
thalate (Warning: May be habit forming), 0. 
mg. homatropine terephthalate, 224 mg. a 
rin, 160 mg. phenacetin, and 32 mg. caffe 


Contraindications: Percodan should not be used in patients \ 


glaucoma and in patients hypersensitive to its ingredie 
(oxycodone, aspirin, phenacetin, caffeine and homatropine). 
Precautions: The habit forming potentialities of Percodan 
somewhat less than those of morphine and somewhat ore 
than those of codeine. The usual precautions should be obser 
as with other opiate analgesics. Percodan should be used | 
caution in patients with blood dyscrasias. It is generally ) 
tolerated, but in some patients nausea, emesis, or constipa 
may occur. 

Usual Adult Dose: One tablet every 6 hours, preferably c 
meals or with milk. 


Endo Laboratories, Inc., Garden City, N.Y. 11530. £5 


ys it next fime. 
KI one APC/narcotic combination for moderate to severe pa 
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Notice to Contributors and Subscribers 


The ANNALS or SuRGERY considers for pub- 
lication original articles only, papers which 
offer significant contributions to the advance- 
ment of surgical knowledge. 


CONTRIBUTIONS. Original typed manuscripts 
and illustrations, plus three copies and 3 sets 
of illustrations, exchanges and book reviews 
should be forwarded prepaid, at the author's 
risk, to the Chairman of the Editorial Board 
of the ANNALS, OF SURGERY: 


F : Jonathan E. Rhoads, M.D. 
1000 Ravdin Institute, 3400 Spruce St. 
Philadelphia, Pa. 19104 


Manuscripts, as well as list of references, 
should be typed double spaced on one side 
of the paper, leaving wide margins. While 
every effort will be made to guard against loss, 
it is advised that authors retain copies of manu- 
scripts submitted. The complete address for 
reprint requests should be included in the 
title page. All pages should be numbered. 


Digits one to ten should be spelled out, 
except when used for units of measurement 
(time, weight, volume, dosage, degrees) per- 
centage, or when decimals are involved: for 
numbers above ten, numerals should be used. 
Dorland's Medical Dictionary and Webster’s 
International Dictionary may be used as stand- 
ard references. Scientific names for drugs 
should be used when possible. Copyright or 
trade names of drugs should be capitalized. 
Units of measurement, e.g., dosage, should be 
expressed in the metric system. Temperature 
should be expressed in degrees centigrade. 
Contributions in a foreign language, when ac- 
cepted, will be translated and published in 
English. 


Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 
the number supplied. Colored illustrations will 
be published at the author’s expense. Black and 
white photographs should be in the form of 
glossy prints. Line and wash drawings should 
be black on white paper, with lettering in 
black india ink, large enough to be readable 


after necessary reduction. Large or bulky illus- 
trations should be accompanied by smaller 
glossy reproductions of the same, to facilitat® 
their circulation among the reviewing members 
of the editorial board. Illustrations should be 
numbered, the tops indicated, and the author’s 
name and the title of the article in brief appear 
on the back. A separate typewritten sheet of 
legends for the illustrations should be supplied. 


A bibliography of numbered references in 
alphabetical order should appear at the end of 
the manuscript with corresponding numbering 
in the text. Bibliographies should conform to 
the style of the Index Medicus with the excep- 
tion that the last page number should be 
omitted, viz: author’s name, title of article, 
name of journal, volume number, first page 
number, and year of publication in the order 
named. 

PUBLISHER’S NOTICES 
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Copies will not be replaced without charge 
unless we receive a request within 60 days 
of the mailing in the U. S. or within 90 days 
in all other countries. 
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advertising, and all business communications 
should be addressed to: 
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East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates 


$20.00 per year in the U. S., its possessions - 
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The publishers accept no responsibility for 
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‘ A Dulcolax suppository 
. can do anything an enema can — 
J except scare people. 
Just one suppository usually assures a predictable . 
` .* bowel movement in 15 minutes to an hour. Gone are the tubing, the 
"accidents," and the bruised egos associated with enemas. 
For preoperative preparation, the combination of 
( tablets at night and a suppository the next morning usually cleans the 
f bowel thoroughly. Suppositories may also be particularly helpful when 
be straining should be avoided, as in postoperative care. 
As with any laxative, abdominal cramps are occasion: 
oe " ally noted. Dulcolax is contraindicated inthe acute surgical abdomen. 
: Dulcolax’..the cure for enemaphobia 
a S bisacodyl NF i 
H "2 Under license from Boehringer Ingelheim G.m.b.H. GEIGY Pharmaceuticals, Division of CIBA-GEIGY Corporation, Ardsley, New York 1050: 
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clinical use; one decade of psec fi va Kd \ 
research and development ; «7 wae | 
at Parke-Davis. A continu- X and 
ing program that has » M 


made KETALAR anesthesia 
a reality. 


a smooth, 
uncomplicated start 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or IV. which 
greatly simplifies the proce- 
dure for children and adults 
alike. KETALAR is also clini- 
cally compatible with com- « 
monly used general anes- 
thetics, pre- and postanes- 
thetic medications, includ- 
ing anticholinergics, muscle 
relaxants, and tranquilizers. 


In high-risk surgery, 
an added measure 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
"poor-risk" patients. It often 
.Jelevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
tective laryngeal-pharyngeal 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. 





In routine induction, 
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In short procedures, 
more problems 
solved, fewer 
created 


KETALAR, as sole agent, 
simplifies and improves an- 


esthesia in a host of "prob- 
lem procedures." It has 
proven to be especially valu- 
able in the management of 
severe burn patients, and its 
rapid and profound anal- 
gesic effect provides a major 
advantage in numerous 
painful diagnostic tests and 
short surgical procedures 
not requiring skeletal mus- 
cle relaxation. The virtual 


Wi the clinical experience with 


| first time — efficient general 
* 4 anesthesia by intramuscular 


5 | many instances as the agent 
- of choice for pediatric 
- |anesthesia. 
— je |KETALAR UPDATE: 
_| Now indicated for use in 
— 11) | Cardiac catheterization. 

09) 37 | Now available in new 


absence of tachyphylaxis 
and organ/tissue accumula- 
tion is a definite plus in re- 
petitive procedures. Grow- 
ing experience with 
KETALAR shows that emer- 
gence reactions can be ef- 
fectively reduced by allow- 
ing patients to awaken 
naturally with minimal ver- 
bal or tactile stimulation, 
and, where indicated, by 
employing agents such as 
droperidol or diazepam. 


In pediatrics, a new 
era in anesthesia 


KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 


injection. In terms of both 
efficacy and convenience, 


KETALAR may qualify it in 


100 mg./ml., 5 ml. vials 
for IM use. 


advancement in 
anesthesiology 








See next page for prescribing information. 


Ketalar 
(Ketamine HC)) 
Parke-Davis 


advancement in XQ 
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KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. BIO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWM TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 


WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 






Ketalar 
Parke-Davis 





sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 


too rapid a rate of administration of Ketalar in which? 


case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adrainis- 
tration of analeptics. 


USACE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
Proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration. of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 


Psychological: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. ° 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 


LG 


PARKE-DAVIS 


108271R PA-631 


PARKE. DAVIS & COMPANY Detroit. Michigan 48232 
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CAN YOU GUESS THE AMOUNT 
OF GASTRIC DISTRESS 
IN THIS 12- MONTH COURSE 





„$ Very little is the correct answer...even though 
-` «the number of tablets is 4,380. That's because these 
tablets are Ascriptir—the Maalox' protected aspirin. GH 
*  Ascriptin provides 5 grains of aspirin. Yet...thanks to 
Maalox (magnesium-aluminum hydroxide), the most 


widely preferred of all antacids—it guards & @ 
Ascriptin 


SA against aspirin-induced gastric distress 
ás well. No wonder more and more 
Maalox^protected Æ aspirin 
H4 
IRORER| 
| n | . 


^» physicians today rely on Ascriptin for 
long-jerm salicylate therapy. 
WILLIAM H. RORER, INC. 
Fort Washington, Pa. 19034 -L—— 
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Confirms the value of Talwin 
in the hospital 


analgesic efficacy comparable to meperidine and 
morphine with a minimum of significant adverse 
effects 


In postoperative patients: less circulatory depression 
with Talwin 


In a double-blind study of 342 postop patients, 
circulatory depression occurred in 13.2% of 174 
patients receiving morphine; in 5.4% of 168 
patients receiving Talwin.' 


...and in other patients: less respiratory and 
circulatory depression with Talwin 


In a double-blind study of 3 narcotic analgesics and 
Talwin in 118* patients with suspected acute 
myocardial infarction, Talwin caused a significantly 
lower incidence’in the fall of systolic blood pressure 
than the 3 narcotics when the initial pressure was 
120 mm. Hg or higher. Unlike the narcotics, Talwin 
caused a statistically significant rise in the systolic 
blood pressure of patients with initial pressures 
of less than 120. ? 

In a study of a series of patients given Talwin or 
meperidine while anesthetized for surgery, the 
investigators concluded: “It would therefore appear 
that pentazocine is a much safer drug in respect of 
respiratory depression than pethidine [meperidine], 
particularly when repeated injections are to be given, 
e.g., postoperatively or in obstetric practice.” 3 


...and less of other adverse effects associated 
with narcotic analgesics 


Compared to morphine, Talwin is relatively free fro 
urinary retention and constipation. 

Is less likely to Cause nausea, vomiting and 
diaphoresis than meperidine. 


See next page for a complete discussion of adverse 
reactions and a brief summary of other Prescribing 
Information. 


available in 3 dosage strengths — all within the 
range of recommended dosage 

Talwin is available in 30 mg., 45 mg., and 60 mg. 
strengths to provide analgesia specific to 
patients’ needs throughout the course of therapy. 
Most studies indicate that the higher dosage 
strengths produce little, if any, increase in the 
incidence of adverse reactions. 


References: 1. Wallace, George: Int. Surg. 53:135, Feb. 
1970. 2. Scott, M. E. and Orr, Rosemary: Lancet 1:1065, 
May 31, 1969. 3. Davie, |. et al.: Brit. J. Anaesth. 42:113, 
Feb. 1970. 


+Other drugs studied: diamorphine and methadone. 
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Injectable Talwin® 
Brand of pentazocine (as lactate) 


* tolerance to analgesic efficacy has not 
been observed 
* not subject to narcotic controls 


Contraindications: Talwin should not be 
administered to patients who are hyper- 
sensitive to it. 

Warnings: Head Injury and Increased In- 
tracraníal Pressure. The respiratory de- 
pressant effects of Talwin and its potential 
for elevating cerebrospinal fluid pressure 
may be markedly exaggerated in the pres- 
ence of head injury, other intracranial 
lesions, or a preexisting increase in in- 
tracranial pressure. Furthermore, Talwin 
can produce effects which may obscure 
the clinical course of patients with head 
injuries. In such patients, Talwin must be 
used with extreme caution and only if its 
use is deemed essential. 

Usage in Pregnancy. Sate use of Talwin 
during pregnancy (other than labor) has 
not been established. Animal reproduc- 
tion studies have not demonstrated tera- 
togenic or embgyotoxic effects. However, 
Talwin should be administered to preg- 
nant patients (other than labor) only when, 
in the judgment of the physician, the po- 
tential benefits outweigh the possible haz- 
ards. Patients receiving Talwin during 
labor have experienced no adverse effects 
other than those that occur with commonly 
used analgesics. Talwin should be used 
with caution in women delivering prema- 
ture infants. 

Drug Dependence. Special care should be 
exercised in prescribing pentazocine for 
emotionally unstable patients and for 
those with a history of drug misuse. Such 
patients should be closely supervised 
when long-term therapy is contemplated. 
There have been instances of psychologi- 
cal and physical dependence on Talwin in 
patients with such a history and, rarely, 
in patients without such a history. Abrupt 
discontinuance following the extended use 
of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated 
temperature, rhinorrhea, restlessness, anx- 
iety, and lacrimation. Even when these 
occurred, discontinuance has been ac- 
complished with minimal difficulty. In the 
rare patient in whom more than minor dif- 
ficulty has been encountered, reinstitution 
of parenteral Talwin with gradual with- 
drawal has ameliorated the patient's symp- 
toms. Substituting methadone or other 
narcotics for Talwin in the treatment of 
the Talwin abstinence syndrome should be 
avoided. 

In prescribing parenteral Talwin for 
chronic use, particularly if the drug is to 
be self-administered, the physician should 
take precautions to avoid increases in 
dose and frequency of injection by the 
patient and to prevent the use of the 
drug in anticipation of pain rather than for 
the relief of pain. 

Just as with all medication, the oral form 
of Talwin is preferable for chronic admin- 
istration. 

Acute CNS Manifestations. Patients re- 
ceiving therapeutic doses of Talwin have 
experienced, in rare instances, hallucina- 
lions (usually visual), disorientation, and 
confusion which have cleared spontane- 
ously within a period of hours. The mech- 
anism of this reaction is not known. Such 
patients should be very closely observed 
and vital signs checked. If the drug is 
reinstituted, it should be done with caution 
since the acute CNS manifestations may 
recur. 

Usage in Children. Because Clinical ex- 


the recovery room: 


ultimate test "rTalwin 


pentazocine 
E in the hospital 


perience in children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended. 

Ambulatory Patients. Since sedation, diz- 
ziness, and occasional euphoria have 
been noted, ambulatory patients should be 
warned not to operate machinery, drive 
Cars, or unnecessarily expose themselves 
to hazards. 

Precautions: Certain Respiratory Condi- 
tions. The Possibility that Talwin may 
Cause respiratory depression should be 
considered in treatment of patients with 
bronchial asthma. Talwin should be ad- 
ministered only with caution and in low 
dosage to patients with respiratory depres- 
sion (e.g., from other medication, uremia, 
Or severe infection), obstructive respira- 
tory conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Al- 
though laboratory tests have not indicated 
that Talwin causes or increases renal or 
hepatic impairment, the drug should be 
administered with caution to patients with 
such impairment. Extensive liver disease 
appears to predispose to greater side ef- 
fects (e.g., marked apprehension, anxi- 
ety, dizziness, sleepiness) from the usual 
Clinical dose, and may be the result of 
decreased metabolism of the drug by the 
liver. 

Myocardial Infarction. As with all drugs, 
Talwin should be used with caution in 
patients with myocardial infarction who 
have nausea or vomiting. 

Biliary Surgery. Until further experience 
is gained with the effects of Talwin on 
the sphincter of Oddi, the drug should be 
used with caution in patients about to 
undergo surgery of the biliary tract. 
Patients Receiving Narcotics. Talwin is a 
mild narcotic antagonist. Some patients 
Previously receiving narcotics have ex- 
perienced mild withdrawal symptoms after 
receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone 
to seizures; seizures have occurred in a 


few such patients in association with the: 


use of Talwin although no cause and ef- 
fect relationship has been established. 
Adverse Reactions: The most commonly 
occurring reactions are: nausea, dizziness 
or lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are— 
respiratory: respiratory depression, dysp- 
nea, transient apnea in a small number of 
newborn infants whose mothers received 
Talwin during labor; cardiovascular: cir- 
culatory depression, shock, hypertension: 
CNS effects: sedation. alteration of mood 
(nervousness, apprehension, depression, 
floating feeling), dreams; gastrointestinal: 
constipation, dry mouth: dermatologic in- 
cluding local: diaphoresis, sting on injec- 
tion, flushed skin including plethora, 
dermatitis including pruritus; other: uri- 
nary retention, headache, paresthesia, al- 
terations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include — neuro- 
muscular and psychiatric: muscle tremor, 
insomnia, disorientation, hallucinations; 
gastrointestinal: taste alteration, diarrhea 
and cramps; ophthalmic: blurred vision, 
nystagmus, diplopia, miosis; 
other: tachycardia, nodules 
and ulceration at injection 
site, weakness or faintness, 
chills, moderate transient 
eosinophilia, allergic reac- 
tions including edema of the 
face. 

See Acute CNS Manifesta- 
tions and Drug Dependence 
under WARNINGS. 


Brand of 


(as lactate) 


Dosage and Administration: Adults, 
cluding Patients in Labor. The rec 
mended single parenteral dose is 30 
by intramuscular, subcutaneous, or ii 
venous route. This may be repeated e 
3 to 4 hours. Doses in excess of 30 
intravenously or 60 mg. intramuscul 
or subcutaneously are not recommen 
Total daily dosage should not exceed 
mg. As with most parenteral drugs, w 
frequent daily injections are negded « 
a prolonged period, intramuscular adr 
istration is preferable to subcutaneous 
addition, constant rotation of injec 
sites (e.g., the upper outer quadrants 
the buttocks, mid-lateral aspects of 
thighs, and the deltoid areas) is rec 
mended. 

Patients in Labor. A single, intramusci 
30 mg. dose has been most commonly 
ministered. An intravenous 20 mg. dose 
given adequate pain relief to some 
tients in labor when contractions becc 
regular, and this dose may be given 1 
or three times at two- to three-hour in' 
vals, as needed. 

Children Under 12 Years of Age. Sit 
Clinical experience in children um 
twelve years of age is limited, the use 
Talwin in this age group is not recc 
mended. 

CAUTION. Talwin should not be mixed 
the same syringe with soluble barbi 
rates because precipitation will occur 
Overdosage: Manifestations. Clinical 
perience with Talwin Overdosage has be 
insufficient to define the signs of this cc 
dition. 

Treatment. Oxygen, intravenous fluit 
vasopressors, and other supportive me; 
ures should be employed as indicate 
Assisted or controlled ventilation shot 
also be considered. Although nalorphi 
and levallorphan are not effective ar 
dotes for respiratory depression due 
Overdosage or unusual sensitivity 
Talwin, parenteral naloxone (Narcan 
available through Endo Laboratories) is 


Specific and effective antagonist. If nalc 


one is not available, parenteral admini 
tration of the analeptic, methylphenida 
(Ritalin&), may be of value if respirato 
depression occurs. 

Talwin is not subject to narcotic control 
How Supplied: Ampuls of 1 ml. (30 mg 
1⁄2 ml. (45 mg.), and 2 ml. (60 mg.), eac 
1 ml. containing Talwin (brand of pentaz 
cine) as lactate equivalent to 30 mg. bas 
and 2.8 mg. sodium chloride, in water ft 
injection. Boxes of 10, 25, and 100. 
Multiple dose vials of 10 ml., each 1 m 
containing Talwin (brand of pentazocint 
as lactate equivalent to 30 mg. base, 
mg. acetone sodium bisulfite, 1.5 mg. s 
dium chloride, and 1 mg. methylparabe 


as preservative, in water for injectior 
Boxes of 1. 
The pH of Talwin solutions is adjuste 


between 4 and 5 with lactic acid and sc 
dium hydroxide. 
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Important The following guidelines for therapy with Loridine 


are recommended. 
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2. Determine patient's renal (p 
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uà status; Loridine is contraindicated |... i 

OT1 111C Le e in azotemia. | aia 
cephaloridine During Administration of Loridine iS 


1. Maintain proper 
hydration. 
2. Monitor renal status 
—urinalyses, urinary 
output, BUN, and/or 
serum Creatinine. 
Y 3. Use cautiously with 


In adults, when the use of Loridine is indicated, most other potentially 

e infections of moderate severity caused by susceptible nephrotoxic drugs. - 
organisms respond to Loridine in dosages ranging from 4. Because nephrotoxicity 
500 mg. to 1 Gm. every eight hours (1.5 to 3 Gm. daily). has been reported, limit 
This use of lower dosages helps prevent drug accumula- dosage to 4 Gm. daily for 
tion. The more susceptible infections have been treated adults (100 mg. per Kg. 


* 
* 

















wf 250 to 500 mg. every eight hours. for children—not to exceed adult dosage). 
Usual adult dosage range: 1 to 3 Gm. daily. 

SUITE de ] 5. In patients with impaired renal function before 
C: us treatment, reduce daily dosage and keep them under 
SE close observation for changes in function. In 
£t nonazotemic patients with mildly reduced renal function 
O% manifested by slight to moderate, transient, or 
Ez persistent reduction of urinary output or by creatinine 
a3 clearances of 60 to 90 ml. per minute, the maximum 

o Hours recommended dosage (adults) is 1 Gm. every twelve 


Mean Serum Cephaloridine Concentrations after I.M. Administration of hours during the period of reduced function. 


Single Doses (250 mg. to 1 Gm.) to Normal Human Volunteers (Six to | j | | 
Eighteen Subjects per Group). (Modified from Currie, J.P.: Cephalori- 6. In patients who develop impaired renal function SF. 
ae r and and Toxicology, Postgrad. M. J., 43 [Supplement]: whose preexisting impairment becomes worse during 


: tment, disconti h ; 
Peak serum levels have been noted with Loridine within treatment, discontinue therapy 


one-half to one hour following I.M. injection. The mean Since Loridine is relatively painless on I.M. injection, 
peak serum levels obtained in normal subjects one hour it is well accepted by patients. 
after a 500-mg. I.M. dose ranged from 12 to 22 mcg. There is clinical and laboratory evidence of partial 

g per ml. in separate studies. Administration every six to cross-allergenicity of the penicillins and the 
eight hours permits adequate concentrations to be cephalosporins; therefore, Loridine should be used with 
maintained. In order to avoid excessive serum levels great caution in patients with known penicillin allergy. 
$which could possibly result in damage to the kidney Instances of patients who have had severe reactions 
tubules), recommended dosages should not be exceeded. to both drugs, including death from anaphylaxis, 
In adult patients without azotemia who have mildly have been reported. 


reduced renal function manifested by slight to moderate, 
transient, or persistent reduction of urinary output or 

by creatinine clearances of 60 to 90 ml. per minute, the 
maximum recommended dosage is 1 Gm. every twelve 
hours during the period of reduced function. 
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Actions: All tested strains of group A 
streptococci, pneumococci, and penicillin- 
G-susceptible staphylococci are suscepti- 
ble to Loridine® (cephaloridine, Lilly). 
However, some strains of penicillinase- 
producing staphylococci are resistant in 
vitro to concentrations of Loridine that can 
be achieved in the serum. The majority of 
strains of Hemophilus influenzae, Proteus 
mirabilis, Escherichia coli, and Klebsiella 
are also susceptible in vitro. 

Pseudomonas organisms are resistant 
to Loridine, as are most indole-producing 
Proteus species and motile Aerobacter 
Species. e 


Indications: Indicated in the treatment of 
serious infections of the respiratory tract, 
genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to 
susceptible strains of the organisms listed 
above; in early syphilis when penicillin 
may be contraindicated (see Warnings in 
regard to cross-sensitivity with penicillin); 
and in gonorrhea when penicillin is not 
considered the drug of choice. 

Loridine should not be used until cul- 
ture and sensitivity tests show that the 
organism is susceptible to its action and 
until renal status of the patient has been 
determined. For this reason, the drug 
should not normally be used to initiate 
therapy. Culture and sensitivity tests are 
not feasible for patients with syphilis; 
results of such tests are usually not avail- 
able before antibiotic treatment of gonor- 
rhea is given. 


Contraindications: Azotemia. Hypersensi- 
tivity to cephaloridine or cephalothin. 

In its present form, Loridine is poorly 
absorbed from the gastro-intestinal tract 
and should be given only by injection. 
Because of slower excretion in patients 
with impaired renal function, their total 
daily dosage should be proportionately less 
than that for persons with normal renal 
function. 


Warnings: IN PENICILLIN-SENSITIVE PATIENTS, 
CEPHALOSPORIN C DERIVATIVES SHOULD BE 
USED WITH GREAT CAUTION. THERE IS CLINI- 
CAL AND LABORATORY EVIDENCE OF PARTIAL 
CROSS-ALLERGENICITY OF THE PENICILLINS 
AND THE CEPHALOSPORINS. INSTANCES OF 
PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM 
ANAPHYLAXIS, HAVE BEEN REPORTED. 
Because of nephrotoxicity (e.g., tubular 
necrosis) of cephaloridine in dosages 
above 4 Gm. daily (see Adverse Reac- 
tions), recommended doses should not be 
exceeded. Patients with known or sus- 
pected impairment of renal function 
should be under close clinical observation 
*for changes in renal function or be hos- 
pitalized. If impaired renal function devel- 
ops during therapy, cephaloridine should 
be discontinued. Cephaloridine should not 
be used in patients with azotemia. When 
renal impairment is present, use the drug 
with caution and reduce the dose. Casts 
in the urine, proteinuria, falling urinary 
output, or a rising BUN or serum creatinine 
may indicate impairment of renal function. 
Give cephaloridine cautiously when it is 
used with other antibiotics having nephro- 
toxic potential. 
Precautions: Pgotect ampoules from light. 
Extemporaneous mixtures with other anti- 
e Diotics are not recommended. 


lo 








cephaloridine 


In infections due to beta-hemolytic 
streptococci, continue antibiotic therapy 
for at least ten days to prevent the possible 
occurrence of rheumatic fever or glomer- 
ulonephritis in susceptible patients. In 
gonorrhea, patients with suspected con- 
comitant syphilis should have dark-field 
examinations of all suspect lesions before 
treatment and monthly serologic tests for 
a minimum of three months. Indicated 
surgical procedures should be performed. 

Superinfections may develop with or- 
ganisms not in the spectrum of Loridine, 
particularly Pseudomonas. These can be 
recognized by clinical observation and by 
means of appropriate cultures. If they oc- 
cur, take proper therapeutic measures. 

Safety for use during pregnancy has not 
been established. 

Since safety in premature infants and 
infants under one month of age has not 
been established, cephaloridine in these 
patients is not recommended. 

A few patients have developed positive 
direct Coombs tests during cephaloridine 
treatment. In hematologic studies or in 
transfusion cross-matching procedures 
when antiglobulin tests are performed on 
the minor side or in Coombs testing of 
newborns whose mothers have received 
Loridine before parturition, a positive 
Coombs test may be due to the drug. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling's solution or with Clinitest® tablets 
but not with Tes-Tape® (urine Sugar analy- 
sis paper, Lilly). 


Adverse Reactions: Urticaria, skin rash 
(maculopapular or erythematous), and 
itching without discernible skin changes 
have been observed in about 3 percent of 
patients. Some of these were known to be 
allergic to penicillin. Others with known 
allergy to penicillin have been given 
Loridine without difficulty. Approximately 1 
percent of patients treated with Loridine 
have had a rise in eosinophil count. Eosin- 
ophilia reached 10 percent in about half of 
these. A few instances of drug fever have 
been reported. 

A few cases of leukopenia have been 
reported. Elevations of transaminase were 
observed in a small percentage of patients. 
In most instances, the elevations were in 
a single determination when other param- 
eters of liver function were normal, and 
only rarely was a level of 100 units reached. 
In a few cases, similar elevations of alka- 
line phosphatase were found. The signif- 
icance of these observations is uncertain. 

In controlled studies on forty-three 
healthy persons given 2 Gm. cephaloridine 
intramuscularly twice daily for four weeks, 
no significant changes were observed in 
BUN, alkaline phosphatase, SGOT, retic- 
ulocyte count, or monocyte count in the 
blood. No disturbances in hemoglobin or 
red-blood-cell count were ascribable to 
administration of Loridine. However, all 
of five nonazotemic patients with chronic 
bacteriuria who had careful renal function 
evaluation before and after a ten-day 
course of cephaloridine in dosages of 2 
Gm. per day developed impairment in free 
water clearance. 

Severe, acute renal failure, in some 
cases terminating in death, hes occurred 


ridine I. M. 


in a small number of patients. The pos- 
sibility of this complication seems to be 
greater in seriously ill patients given more 
than recommended doses. Acute tubular 
necrosis has been found in affected pa- 
tients coming to autopsy. Rare cases of 
nausea and vomiting have occurred. Pain 
in association with intramuscular injection 
was noted in less than 3 percent of pa- 


tients. In only one patient in a series of 


623 was the route changed on this account. 
Phlebitis at the site of intravenous injec- 
tion has been rare. 
Administration and Dosage: /mportant— 
Before administering Loridine, see pack- 
age insert for details on dilution. 
Intramuscular Injection — Loridine is 
usually injected into a large muscle mass. 
The usual adult dosage for many infec- 
tions of moderate severity is 500 mg. to 
1 Gm. three times a day at equally spaced 
intervals. Milder and more susceptible 
infections have been treated with 250 to 
200 mg. given two or three times a day. 
More severe infections may be treated 
with 500 mg. to 1 Gm. four times a day. 
A single 2-Gm. dose is recommended for 
the treatment of acute gonorrhea. Early 
Syphilis may be treated with 500 mg. to 1 ° 
Gm. daily for ten to fourteen days. 
Although some clinical experience with 
high doses for life-threatening conditions 
has been reported, it has been shown tH» 
excessive dosages (above 4 Gm. daily) 
may cause serious nephrotoxic reactions. 
For this reason, Keflin? (sodium cephalo- 
thin, Lilly) may be preferred when doses 
larger than 4 Gm. daily are considered for 
life-threatening situations. If more than 2 
Gm. of cephaloridine is injected daily, the 
patient should be under close clinical 
observation for changes in renal function 
or be hospitalized. In addition, reduced 
dosage should be employed in patients 
with known or suspected renal impairment. 
In children, a daily total of 30 to 50 
mg. per Kg. (15 to 25 mg. per pound) of 
body weight, given in divided doses, has 


been found effective for mild to moder- $ 


ately severe infections. A daily total of 100 
mg. per Kg. (50 mg. per pound) of body 
weight (not to exceed recommended adult 
doses) may be needed for very severe 
infections. 

Intravenous Injection—In the presence 
of extremely serious infections (such as 
bacteremia) or when any infection seems 
overwhelming, intravenous administration 
may be indicated. 

Total daily dosages are the same as wit? 
intramuscular injection. For very suscep- 
tible organisms, 500 mg. to 1.5 Gm. a 
day may suffice; for less susceptible 
organisms and for serious infections, 2 to 
4 Gm. per day may be needed. . 


How Supplied: Ampoules Loridine? (cepha- 
loridine, Lilly), 500 mg., 5-ml. size, 
rubber-stoppered; 1 Gm., 10-ml. size, 
rubber-stoppered. 1082169] 


Additional information 
available to the pragession 

on request. 

Eli Lilly and Company e 
Indianapolis, Indiana 46206 
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Up until now, extremely 
pliable catheters could be 
introduced only by a surgical 
procedure —a cutdown. 

Or you could choose from 

D a number of relatively stiff cath- 
eter mechanisms with their in- 
herent problems: Retention of 
needle and/or housing. High 
rates of phlebitis. Punctured or 
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damaged veins. The possibility 
of reduction or stoppage of 
fluid flow due to kinks. And the 
far more disastrous possibility 
of a broken catheter loose In 

a vein. But not any more. 

Now you can deliver an 
incredibly pliable SILASTIC ' 
silicone catheter in a proce- 
dure as simple as giving a shot. 


k The system thats as smpe 
; as giving a sno 






filled with fluid, i.e., dextrose. 
Dlood, etc., make veni- 
puncture (upper left) 

When needle bevel is 
within the vein lumen (veri- 
fied by show of blood) simply 
depress injection chamber 
firing the SILASTIC silicone 
catheter intc place 
(lower left). 

All that remains are a few 
simple steps to completely 
remove the needle and 
housing. Shown at upper 
right is the pliable SILAST!C 
Silicone catheter in place in 
the internal jugular vein after 
central venous puncture 


Shown at lower right is the 
pliable SILASTIC silicone 
catheter in place at the wrist 
after peripheral application. 
Note: Any superficial vein 
used in blood transfusion or 
intravenous injection is 
suitable for application of the 
MEDI-CATH system 


Available in 14- and 16- 
gauge, 2-inch needle with 
9-inch radiopaque 
SILASTIC * silicone catheter. 


We d like to give you and 
your hospital staff a com- 
plete demonstration, includ- 
ing a showing of our movie 
of the MEDI-CATH system n 
action. Just fill out coupon 
below 
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The system | 
thats as simple as : 
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giving a shot. , 
e 
Hospital i 
: > Mail to Chesebrough-Pond's Inc., Hospital Products Division, : 
: 485 Lexington Avenue, New York, New York 10017. . í 
* » % 


: "Clean-wound 
insurance. 


Skin Graft Donor Site after Two Weeks’ Treatment with... 





PETROLATUM GAUZE— FURACIN GAUZE- 
still large completely 
granulation tissue epithelized 


The efficacy of Furacin (nitrofurazone) in combating secondary 

infection was clearly demonstrated in a study of 50 donor sites! Half of 

p each site was dressed with Furacin-impregnated fine mesh gauze, the 
h other half with fine mesh petrolatum gauze 


After two weeks, the average percentage of epithelization was 90.2% 
for the Furacin-dressed areas, while only 80.3% for the areas dressed 
with the petrolatum gauze. There was no evidence of interference with 
epithelization, nor was there any sensitization 


Furacin (nitrofurazone) 

«æ Controls infection...encourages 
faster healing of wounds. 
Furacin does more than just 
cover a wound- it actually 
helps the healing process by 
preventing most surface 
bacterial infections. Furacin 
penetrates throughout the 

D lesion to effectively destroy most 

bacteria commonly causing 

surface infections. Yet it is gentle 
to healing tissue. 

Furacin is effective against a 
wide range of gram-negative 
and gram-positive organisms— 


Furacin 
.  nitrofurazone 


" antibacterial dressing 


® Originators and Developers of The Nitrofu 
" EATON LABORATORIES 
<= Division of The Norwich Pharmacal Company 
* NORWICH, NEW YORK 13815 





it is not bound, inactivated, or 
destroyed by blood or 

serous exudate. And since 

all forms of Furacin are 

used only topically, they never 
interfere with systemic medi- 
cation. 

Furacin helps keep surgical 
sites infection-free...to help 
the healing process. That's why 
we say, Furacin does more 
than just cover a wound. 

For more information, or 
samples for 
your evaluation, 
write or call 
your Eaton 
representative. 






















FORMULA: Contains Furacin 
(nitrofurazone) 0.2% in Solu- 
base? (a water-soluble base of 
polyethylene glycols 4000, 
1000 and 300) 


SENSITIZATION: Sensiti- 

zation to Furacin is rarely seen 

in burns and surgical practice, 

the reported incidence not ex- 

ceeding 0.5%. The reported: 
overall incidence of sensitiza- 
tion is low, about 1.1%, includ 
ing those reactions which 
occur when treating chronic 
stasis ulcers, notoriously sen- 
sitive to many agents. In these 
cases, sensitization is mini- 
mized by protecting surround- 
ing intact sKin with a bland 
ointment To minimize any ad- 
verse effect restrict applica- 
tion where possible to 5 to 7 
days, and remove medication: 
by irrigation at first sign of irri- 
tation. Furacin (nitrofurazone} 
does not replace surgical pro- 
cedures when these are indi- 
cated, however it is a useful 
adjunct 





1 JEFFORDS JV, HAGERTY RF: The healing of 
donor sites. Ann Surg 145: 169, 1957 


Y 
our “There should be a law against 


four-hour procedures...and patients who are 


World 60 pounds overweight...but her vital signs 
are steady, so she should be all right? 








Part of 
Your Worid 





before surgery 


calms rapidly; quickly readies patients for 
smooth induction of anesthesia 


gently allays anxiety to permit sound sleep 

the night before surgery 

physically compatible with most preanesthetic 
medications 


narcotic requirements are often reduced 
up to 50 per cent 


during surgery 


seldom impairs vital signs —respiratory 
depression and hypotension are rare 


not known to aggravate or 
obscure incipient shock 


does not cause CNS cortical depression 


after surgery 


effectively controls postoperative nausea 
and vomiting 


sedative hangover is not characteristic, atthough 
occasional drowsiness has been reported 


oral forms available for postoperative eare, 
during recovery in hospital, and at home 





Pfizer) LABORATORIES DIVISION 


HYDROXYZINE HCI 


Intramuscular Solution 





the most widely used 
parenteral calming agent 


BRIEF SUMMARY 
Contraindications: Hypersensitivity to hydroxyzine. The 
solution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 
Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit induced fetal abnormalities in 
the rat at doses substantially above the human thera- 
peutic range. Clinical data in human beings are in- 
adequate. Until adequate data are available to 
establish safety in early pregnancy, hydroxyzine is con- 
traindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION 
OF CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS 
NARCOTICS AND BARBITURATES. In conjunctive use, 
dosage for these drugs should be decreased as much 
as 50%. Because drowsiness may occur, patients should 
be cautioned against driving a car or operating dan- 
gerous machinery. The usual precautions for intramus- 
cular injection should be followed: soft-tissue reactions 
have rarely been reported when proper technique has 
been uset. Hydroxyzine intramuscular solution should 
be injected well within the body of a relatively large 
muscle. In adults, the preferred sites are the upper outer 
quadrant of the buttock (i.e., gluteus maximus), or the 
mid-lateral thigh. In children, preferably the mid-lateral 
muscle of the thigh. In infants and small children, the 
upper outer quadrant of the gluteal region should only 
be usedewhen necessary, as in burn patients, in order 


to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well 
developed, such as in certain adults and older 
children, and only with caution to avoid radial nerve 
injury. Injections should not be made in the lower and 
middle thirds of the upper arm. Aspiration is neces- 
sary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is 
usually transitory and may disappear in a few days of 
continued therapy or upon dosage reduction. Dryness 
of the mouth may occur with higher doses. Involuntary 
motor activity, including rare instances of tremor and 
convulsions, has been reported, usually with higher 
than recommended dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: 
Equivalent to 25 mg., 50 mg., 100 mg. hydroxyzine HCI. 
Vistaril (hycroxyzine pamoate) Oral Suspension: Equiv- 
alent to 25 mg. hydroxyzine HCI per 5 cc. teaspoonful. 
Vistaril (hydroxyzine HCl) Intramuscular Solution» 
25 mg./cc —10 cc. vial; 50 mg./cc.—2 cc. and 10 cc. 
vial; Isoject* 25 and 50 mg. per cc., 1 cc. per unit; 100 
mg./2 cc. unit. 

More detailed professional information available on 





request. 


Revised January, 1970 


Pfizer, LABORATORIES DIVISION ° 
PFIZER INC., NEW YORK. N Y 10017 
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Of course not. That's why FLEET? ENEMA is used so 
often on the third postoperative day. It virtually as. 
sures evacuation without pain or discomfort. 

FLEET ENEMA cleanses the left colon and rectum 
in minutes (five at the most), inducing a physio- 
logical pattern of evacuation that spares bedridden 
patients the cramping of oral laxatives, the burning 
of suppositories, and the irritation of soapsuds ene- 
mas. 

And FLEET ENEMA is completely, but completely, 


disposable: there's nothing to fill, nothing to assem- 
ble, nothing to clean. 

FLEET ENEMA. Happiness for the postoperative pa- 9 
tient with bowel stasis and for his doctor. 


Warning: Frequent or prolonged use of enemas may result 
in dependence. Take only when needed or when prescribed by 
a physician. Do not use when nausea, vomiting, or abdominal 
pain is present. 

Caution: Do not administer to children under two years of age 
unless directed by a physician. 


C. B. FLEET CO., INC. ff 
Lynchburg, Va. 24505 Fleet 
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We say the measure of an electrocardiograph is 
the electrocardiogram and the new Burdick solid- 
state EK/5 is an ECG that writes its own testi- 
monial. Compare the tracings — make a visual 
point-by-point inspection of the EK/5 tracing with 
that of any other ECG. You'll see the difference, 
the greater definition and response to both high 
and low frequencies! We think the EK/5 tracing 
speaks for itself. 

Burdick engineering has all but eliminated hyster- 
esis (mechanical resistance) with a totally new 
rectilinear recording system using feedback to 
overcome inherent damping and linearity problems 
associated with other direct-writers. Patient safety 
is a prime consideration throughout EK/5 design 
— current leakage is far below accepted levels. 
Your nearby Burdick dealer can demonstrate the 
many outstanding features of the EK/5 — call him, 
or write The Burdick Corporation, Milton, Wiscon- 
sin 53563. 


BURDICK 
eal 






































In addition to suffering the pain of a fractured 
arm, this patient has experienced anxiety (he'll be 
out of work for several days, and he’s worried 
about the medical expenses); embarrassment (his 
wife warned him to hire a painter, and he insisted 
on doing it himself); frustration (he spilled a gal- 

lon of expensive paint all over his driveway) ; 
anger (he’s mad at himself for being so careless) ; 
and disappointment (he can’t play golf with the 
boys tomorrow). No doubt these psychic factors 
actually increased his perception of pain. Surely 
the last thing he needs is an analgesic containing 
caffeine. The logical choice is Phenaphen with 
Codeine. It provides a quarter grain of phenobar- 
bital to take the nervous “edge” off, so the rest of 
the formula can control the pain more effectively. 
It's no accident that Phenaphen formulations con- 
tain a sedative rather than a stimulant. Don't you 
agree, Doctor, that psychic overlay is an important 
factor in most of the accident cases you see? 


Indications: Provides relief in severer grades of pain, on low codeine 
dosage, with minimal possibility of side effects. Its use frequently makes 
unnecessary the use of addicting narcotics. Contraindications: Hyper- 
sensitivity to any of the components. Precautions: As with all phenacetin- 
containing products, excessive or prolonged use should be avoided. Side 
effects: Side effects are uncommon, although nausea, constipation and 
drowsiness may occur. Dosage: Phenaphen No. 2 and No. 3—1 or 2 cap- 
sules every 3 to 4 hours as needed; Phenaphen No. 4—1 capsule every 
3 to 4 hours as needed. For further details see product literature. 


A. H. Robins Company, Richmond, Va. AH TAOBINS 





comp pound analgesic that calms instead of caffeinates 


renaphen 
h Codeine 


Phenaphen with Codeine Nos. 2, 3, or 4 contains: Phenobarbital 
(A gr.), 16.2 mg. (warning: may be habit forming); Aspirin (2V2 
gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Hyoscyamine sulfate, 
0.031 mg.; Codeine phosphate, *4 gr. (No. 2), '» gr. (No. 3) or 1 gr. 
(No. 4) (warning: may be habit forming). 








Hackie 
Hemorrhoids 


Mr. H. C., 40, taxicab driver, married with four children. 
Complains of anorectal pain, itching and irritation. 
Works long hours often in extreme heat 

in non-air conditioned cab. Sweats a great deal, 
sudden perianal swelling two days ago. 
Similar episode when he was 24 years old. 


Examination reveals large prolapsing edematous 
internal and extemal hemorrhoids. 








Each suppository contains hydrocortisone 
acetate 10 mg. bismuth subgallate 2.25%, 
bismuth resorcin compound 1.75%, benzyl 
benzoate 1.2%, Peruvian balsam 1.8%, zinc 
oxide 11.0%, and boric acid 5.0%, plus the 
following inactive ingredients: bismuth 
subiodide, calcium phosphate, and color- 
ing in a bland hydrogenated vegetable 
oil base. 

Precaution Prolonged or excessive use of 


Anusol-HC might produce systemic cortico- 


steroid effects. Symptomattic relief should 
not delay definitive diagnosis or treatment. 
Dosage and Administration Anusol-HC: 
One suppository in the morning and one at 
bedtime for 3 to 6 days or until the inflam- 
mation subsides. Regular Anusol: One 


suppository in the morning, one at bedtime, 


and one*immediately following each 
evacuation. 


atypical 
proctological 
patient 


m to help relieve the pain, 


itching, burning 
associated with this 
and similar anorectal 
conditions 


prescribe 


nusol- 


‘hemorrhoidal 
suppositories 
with hydrocortisone 
acetate 

And for long-term 

patient comfort...recommend 
Anusol hemorhoidal 

suppositories. 

Each suppository contains 

the ingredients of 

Anusol-HC without the 
hydrocortisone. 


Warner-Chilcott 
Division, Wamer-Lambert Company 


Morris Plains, New Jersey 07950 





Dialose Plus has no pits... 


(dioctyl sodium sulfosuccinate and sodium carboxymethylcellulose plus casanthranol) 





Andnopitfalls,either,inthe management And Dialose Plus softens and lubricates, 


of the constipated surgical patient. too... for easier, less painful ` 
Because Dialose Plus is more consis- defecation. 
tently reliable than the old-fash- Also available: Dialose* (dioctyl sodium 
ioned constipation remedy. sulfosuccinate and sodium car- 
To lessen the strain of constipation, boxymethylcellulose) —for ef- 
it provides the effective yet fective stool softening and 
gentle peristalsis stimulation of lubrication, when peristalsis 
! casanthranol. stimulation is not required. 


N STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 


A new oral antibiotic useful in | 


office and ho spital practice 
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Prescribing Information 





Description: Keflex® (cephalexin 
monohydrate, Lilly) is a semisynthetic 
cephalosporin antibiotic intended for oral 
administration. It is 7-(D-a-amino-a- 
phenylacetamido)-3-methyl-3-cephem-4- 
carboxylic acid, monohydrate. 


Actions: Human Pharmacology—Keflex is 
acid stable and may be given without regard 
to meals. It is rapidly absorbed after oral 
administration. Following doses of 250 and 
500 mg., average peak serum levels of 
approximately 9 and 18 mcg. per ml. 
respectively were obtained at one hour. 
Measurable levels were present six hours 
after administration. Over 90 percent of the 
drug is excreted unchanged in the urine 
within eight hours. Peak urine 
concentrations are approximately 1,000 
mcg. per ml. during this period following a 
250-mg. dose. 

Microbiology—In-vitro tests demonstrate 
that the cephalosporins are bactericidal 
because of their inhibition of cell-wall 
synthesis. Keflex is active against the 
following organisms in vitro: 

Beta-hemolytic streptococci 

Staphylococci, including coagulase- 

positive, coagulase-negative, and 
penicillinase-producing strains 

Diplococcus pneumoniae 

Escherichia coli 

Proteus mirabilis 


Klebsiella sp. 


Note— Most strains of enterococci 
(Streptococcus faecalis) and a few strains 
of staphylococci are resistant to Keflex? 
(cephalexin monohydrate, Lilly). It is 
not active against most strains of 
Enterobacter sp., Pr. morganii, and Pr. 
vulgaris. It has no activity against 
Pseudomonas or Herellea species. When 
tested by in-vitro methods, staphylococci 
exhibit cross-resistance between Keflex and 
methicillin-type antibiotics. 


Indications: Keflex is indicated for the 
treatment of the following infections when 
caused by susceptible strains of the 
designated micro-organisms: 

Respiratory tract infections caused by 
D. pneumoniae and group A beta-hemolytic 
streptococci (Penicillin is the usual drug of 
choice in the treatment and prevention of ^ 
streptococcus infections, including the 
prophylaxis of rheumatic fever. Keflex is 
generally effective in the eradication of 
streptococci from the nasopharynx; 
however, substantial data establishing the 
efficacy of Keflex in the subsequent 
prevention of rheumatic fever are not 
avallable at present.) 

*kin and soft-tissue infections 
caused by staphylococci 

Urinary tract infections 
caused by Esch. coli, Pr. 
mirabilis, and Klebsiella sp. 

Note—Culture and 
susceptibility 
tests should be 
initiated prior 
to and during 
therapy. Renal EZ. 
function studies IE 
should be performed 
when indicated. 










Contraindica- 
tion: Keflex 

is contraindicated 
in patients with known allergy to the 
cephalosporin group of antibiotics. 


dá iae 


Warnings: IN PENICILLIN-ALLERGIC 
PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. THERE 
IS CLINICAL AND LABORATORY EVIDENCE OF 
PARTIAL CROSS-ALLERGENICITY OF THE 
PENICILLINS AND THE CEPHALOSPORINS, AND ° 
THERE ARE INSTANCES OF PATIENTS WHO 

HAVE HAD REACTIONS TO BOTH DRUGS 
(INCLUDING FATAL ANAPHYLAXIS AFTER 
PARENTERAL USE). 


BKeflex 


— cephalexin monohydrate 





Any patient who has demonstrated some Hypersensitivity—Allergies (in the form of 
form of allergy, particularly to drugs, rash, urticaria, and angioedema) have been 
should receive antibiotics cautiously and observed. These reactions usually subsided 
then only when absolutely necessary. No upon discontinuation of the drug. 
exception should be made with regard to Other reactions have included genital and 
Keflex® (cephalexin monohydrate, Lilly). anal pruritus, genital moniliasis, vaginitis 

Usage in Pregnancy—Safety of this and vaginal discharge, dizziness, fatigue, 
product for use during pregnancy has not and headache. Eosinophilia, neutropenia, 
been established. and slight elevations in SGOT and SGPT 


have been reported. 









Precautions: Patients should be followed EN 
carefully so that any side-effects or / "X Administration and Dosage: 


unusual manifestations of drug / 3X 4, xoa Keflexis administered orally. 
idiosyncrasy may be detected. If an f uA ONN 
allergic reaction to Keflex occurs, 
the drug should be discontinued 

and the patient treated with the 
usual agents (e.g., epinephrine, 
antihistamines, pressor amines, Or 
corticosteroids). 

Prolonged use of Keflex may result 
in the overgrowth of nonsusceptible 
organisms. Careful observation of the 
patient is essential. If superinfection 
occurs during therapy, appropriate 
measures should be taken. i The recommended daily dosage 

Positive direct Coombs tests have been SES. 7 for children is 25 to 50 mg. per Kg. 
reported during treatment with the cephalo- ^ cal divided into four doses. 
sporin antibiotics. In hematologic studies Keflex Suspension 


3 The adult dosage ranges from 


3 l] to 4 Gm. daily in divided 


L == doses. The usual adult dose is 
xs 250 mg. every six hours. For 
more severe infections or those 
caused by less susceptible 
organisms, larger doses may be 
, needed. If daily doses of Keflex 
f greater than 4 Gm. are required, 
parenteral cephalosporins, in 
appropriate doses, should be 
considered. 








or in transfusion cross-matching procedures Child's Weight (125 mg.[5 ml.) 
when antiglobulin tests are performed on the -ok ibi, è Aéltequd — 
minor side or in Coombs testing of newborns Ke "ET dede dia 
: 20 Kg. (44 lb.) l to 2 tsp. q.i.d. 
whose mothers have received cephalosporin 40 Ke. (88 Ib.) 2 to 4 tsp. q.i.d. 
antibiotics before parturition, it should be - | 
recognized that a positive Coombs test may In severe infections, the dosage may be 
be due to the drug. doubled. 
Keflex should be administered with caution In the treatment of beta-hemolytic strepto- 
in the presence of markedly impaired renal coccus infections, a thera- — (ti. 
function. Under such conditions, careful peutic dosage of Keflex — /^ WM 
clinical observation and laboratory studies should be administered — — fit 
should be made because safe dosage may be forat least ten days. E + 4 "s 
lower than that usually recommended. How Supplied: Pulvules? Y 7. sii 
Indicated surgical procedures should be Keflex’ (cephalexin mono- Ea 4 
performed in conjunction with antibiotic hydrate, Lilly), equivalent Y * Ss 
therapy. to 250 mg. cephalexin, in SERT "1 
As a result of administration of Keflex, a bottles of 24 and 100 and in Identi-Dose* 
false-positive reaction for glucose in the (unit dose medication, Lilly) in boxes of 100. 
urine may occur. This has been observed Keflex. for Pediatric Drops, equivalent to 
with Benedict’s and Fehling’s solutions and 100 mg. cephalexin per ml. (5 mg. per drop), 
also with Clinitest® tablets but not with in 10-ml.-size packages, with dropper 
Tes-Tape® (urine sugar analysis paper, calibrated at 25 and 50 mg. 
Lilly). Keflex. for Oral Suspension, equivalent to 


125 mg. cephalexin per 5-ml. teaspoonful, in 


Adverse Reactions: Gastro-Intestinal— ; 
100-ml.-size packages. [os257:81 


The most frequent side-effect has been E 
diarrhea. It was very rarely severe enough to OO information available 
warrant cessation of therapy. Nausea, Su (0406 projesson on reg West: 
vomiting, dyspepsia, and abdominal pain Eli Lilly and Company 

have also occurred. Indianapolis, Indiana 46206 


101766 





Additionally, Injectable Valium (diazepam) can 


e 


njectableValium benefits 
diazepam | 


I 











Injectable Valium (diazepam) is a useful 
premedicant for reducing undue anxiety. 
Recall of preoperative procedures is markedly 
diminished. When given in conjunction with 
narcoties, a reduction of narcotic dosage 
should be considered. (See prescribing infor- 
mation.) Injectable Valium should not be 
mixed with other drugs, solutions, or fluids. 
The new 10-mg disposable syringe can help 
you observe this precaution at the same time 
it helps assure aseptic handling. Injectable 
Valium seldom significantly alters vital signs. 
Nevertheless, there have been infrequent 
reports of hypotension and rare reports of 
apnea and cardiac arrest, usually following 
LV. administration. Resuscitative facilities 
should be available. 

To relieve excessive preoperative anxiety, 
remember Injectable Valium (5 mg/ml) 2-ml 
ampuls, 10-ml vials, 2-ml Tel-E-Ject' " (dispos- 
able syringes). 


diminish recall of the preoperative procedure. 


» 


every step of the way. 


Please see the following page for a summary of product.information, 


Injectable Valitun diazepam) ` 


ready-to-use 2-ml Tel-EJect (disposable syringes) 


Can ease undue preoper 
Calming effect is usuall 
Induces satisfactory or light sleep, fr 
Rarely produc 


10-ml vials 
2-ml ampuls 


(5 mg/ml) 


ative tension and anxiety. 
y prompt and pronounced. 
om which patient is easily aroused to follow instructions. 
es significant changes in vital signs. 


Markedly reduces recall of procedure. 


Before prescribing, please 
consult complete product infor- 
mation, a summary of which 
follows: 

Indications: Tension and anx- 
lety states; somatic complaints 
which are concomitants of emo- 
tional factors; psychoneurotic 
states manifested by tension, 
anxiety, apprehension, fatigue, 
depressive symptoms or agita- 
tion; symptomatic relief of acute 
agitation, tremor, delirium 
tremens and hallucinosis due 
to acute alcohol withdrawal: 
adjunctively in: relief of skeletal 
muscle spasm due to reflex 
spasm to local pathology; spas- 
ticity caused by upper motor 
neuron disorders; athetosis; 
stiff-man syndrome; tetanus; 
status epilepticus and severe 
recurrent seizures; anxiety 
prior to gastroscopy, esopha- 
goscopy, and surgical proce- 
dures; cardioversion (I.V.) 

Contraindicated: In infants; 
in patients with known hyper- 
sensitivity to the drug; in acute 
narrow angle glaucoma; may be 
used in patients with open angle 
glaucoma receiving appropriate 
therapy. 

Warning: Inject I.V. slowly, 
directly into vein; take at least 
one minute for each 5 mg (1 ml) 
given. Do not mix or dilute with 
other solutions or drugs. Do not 
add to I.V. fluids. Rare reports 
of apnea or cardiac arrest noted, 
usually following I.V. adminis- 
tration, especially in elderly 
or very ill and those with limited 
pulmonary reserve; duration 
is brief; resuscitative facili- 
ties should be available. Not 
recommended as sole treatment 
for psychotic or severely de- 
pressed patients. Should not 
be administered to patients in 
shock, coma, acute alcoholic 
intoxication with depression 
of vital signs. Caution against 
hazardous occupations requir- 
ing complete mental alertness. 
Advise against simultaneous 
ingestion of alcohol and other 
CNS depressants. Withdrawal 
symptoms (similar to those 
with barbiturates and alcohol) 
have occurred following abrupt 


discontinuance (convulsions, 
tremor, abdominal and muscle 


cramps, vomiting and sweating). 


Keep addiction-prone indi- 
viduals under careful surveil- 
lance because of their 
predisposition to habituation 
and dependence. In pregnancy, 


lactation, or women of childbear 


ing age, weigh potential benefit 
against possible hazard to 
mother and child. 

Precautions: If combined 
with other psychotropies or 
anticonvulsants, carefully 
consider individual pharma- 
cologic effects — particularly 
with known compounds which 
may potentiate action of 
Valium, such as phenothiazines, 
narcotics, barbiturates, MAO 
inhibitors and other anti- 
depressants. Usual precautions 
indicated in patients severely 
depressed, or with latent de- 
pression, or with suicidal tend- 
encies. Observe usual 
precautions in impaired renal 
or hepatic function. Not recom- 
mended for bronchoscopy, 
laryngoscopy, obstetrical] use, 
or in diagnostic procedures 
other than gastroscopy and 
esophagoscopy. Laryngospasm 
and increased cough reflex are 
possible during gastroscopy; 
necessary countermeasures 
should be available. Hypoten- 
sion or muscular weakness pos- 
sible, particularly when used 
with narcotics, barbiturates 
or alcohol. Since effect with 
narcotics may be additive, 
appropriate reduction in nar- 
cotic dosage is possible. Use 
lower doses (2 to 5 mg) for 
elderly and debilitated. Safety 
and efficacy in children under 
12 not established. 

Side Effects: Drowsiness, 
fatigue, ataxia, confusion, 
depression, constipation, 
dysarthria, diplopia, headache, 
hypoactivity, hiccups, hypoten- 
sion, incontinence, jaundice, 
nausea, changes in libido, 
changes in salivation, phlebitis 
at injection site, urinary reten- 
tion, skin rash, syncope, slurred 
speech, urticaria, tremor, 
vertigo, blurred vision. Para- 


doxical reactions such as acute 
hyperexcited states, anxiety, 
hallucinations, increased muscle 
spasticity, insomnia, rage, sleep 
disturbances and stimulation 
have been reported; should 
these occur, use of the drug 
should be discontinued. Isolated 
reports of neutropenia, jaundice; 
periodic blood counts and liver 
function tests advisable during 
long-term therapy. Minor EEG 
changes, usually low-voltage 
fast activity, of no known 
significance. 

Dosage: Usual initial adult 
dose is 2 to 10 mg I.M. or Ly 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) 
with slow dosage increase for 
elderly or debilitated patients 
and when sedative drugs are 
added. (See Precautions and 
Adverse Reactions.) In gastros- 
copy and esophagoscopy, 5 to 
10 mg, I.M. or I.V., 30 min. prior 
to procedure. As preoperative 
medication, 10 mg, I.M.,1to 
2 hours before surgery. In 
cardioversion, 5 to 15 mg, LV., 
within 5 to 10 min. prior to 
procedure. Give I.V. injections 
slowly; take at least 1 minute 
for each 5 mg (1 ml). 

In acute conditions injection 
may be repeated within 1 hour, 
although interval of 3 to 4 hours 
is usually satisfactory; not more 
than 30 mg should be given 
within 8-hour period. Once acute 
symptomatology has been prop- 
erly controlled with injectable 
form, patient may be placed on 
oral form if further treatment 
is required. 

Supplied: Valium*(diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 
10 ml, boxes of 1; Tel-E-Ject'" 
(disposable syringes), 2 ml, boxes 
of 10. Each ml contains 5 mg 
diazepam, compounded with 40% 
propylene glycol, 10% ethyl alco- 
hol, 5% sodium benzoate and 
benzoic acid as buffers, and 1.5% 
benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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KODAK RP ROYAL X-OMAT Medical X-ray Film. High speed and improved contrast 


provide excellent radiographic detail where minimum exposures are required. 





Kodak offers a choice of quality medical 
x-ray films to suit your individual needs. 


Newest and fastest is KODAK RP* ROYAL X-OMAT Medical X-ray 
Film. It is a premium speed film at a non-premium price. This film provides 


minimum exposure capabilities and is well suited for direct-exposure 
examinations of extremities. 


Then there's KODAK RP X-OMAT Medical X-ray Film. It is a high- 
contrast film especially effective in examinations where the subject contrast 
imparted by bone, air, and contrast media must be enhanced to provide 
maximum definition. 

And there's KODAK RP/L X-OMAT Medical X-ray Film, a wide- 
latitude film designed to record a wide range of tissue densities. 


Ask your x-ray dealer about these and other Kodak medical 
x-ray films. You'll get the total picture. ^ Kodak 


* Rapid Processing 


EASTMAN KODAK COMPANY 


Radiography Markets Division, Rochester, New York 









efights skin infections 

due to susceptible 
— organisms 
erarely sensitizes 


POLYSPORIN OINTMENT 
lymyxin B-bacitracin) rovn Suae oos Zi Baciracin 

a olymyxin ulfate 10, units; Zinc Bacitracin 

(po 500 units, in special white petrolatum q.s. 
For minor burns, cuts, infections. Topical antibacterial! action 

against a wide range of susceptible organisms. Rare 

chance of sensitization. Especiallyfor patients with 


possible sensitivity to other topical antibiotics. 










Available in 1- and V2-oz. tubes. 


Contraindications: This product is contraindicated in those 
individuals who have shown hypersensitivity to any of its components. 


Caution: As with other antibiotic products, prolonged use may 
result in overgrowth of nonsusceptible organisms, including 
fungi. Appropriate measures should be taken if this occurs. 
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Onal Services Dept. PML. 








pr | Burroughs Wellcome Co. 
Fa | Research Triangle Park 
Wellcome / North Carolina 27709 





when viScia mucus threatens your pre- or postoperative patient... 


he deserves more than saline... 





39A 


MUCOMYST 


ACETYLCYSTEINE 


ecisively surpasses saline 
in liquefying thickened mucus * 


e Mucomyst has sharply reduced the incidence of postoperative 
atelectasis^ and other pulmonary complications including pneumonia." 





e Helps maintain open airways dur- 
ing anesthesia...helps overcome 
difficulties in tracheostomy care... 
facilitates aspiration of the tracheo- 
bronchial tree.*° 


e Collapses ropy mucoprotein by 
chemically breaking the disulfide 
linkages without formation of poten- 
tially sensitizing polypeptides. 


e Acts without irritating mucous 
membranes. ..mucolytic action is safe, 
rapid and persisting. 

e Mucomyst liquefies and loosens 
both purulent and nonpurulent secre- 
tions effectively. 





Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide range of conditions in which 
e thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 
sema, chronic bronchitis, asthma, and bronchiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and tracheobron- 
chitis); tracheostomy care; facilitation of bronchial studies; maintenance of an open airway during anesthesia; and to help control 
pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated in those patients who are sensitive 
to it. Warnings: After proper administration of acetylcysteine, an increased volume of liquefied bronchial secretions may occur. 
When cough is inadequate, the open airway must be maintained by mechanical suction if necessary. When there is a large mechan- 
ical block due to foreign body or local accumulation, the airway should be cleared by endotracheal aspiration, with or without 
bronchoscopy. Asthmatics under treatment with Mucomyst should be watched carefully. If bronchospasm progresses, this medica- 
tion should be immediately discontinued. Adverse Effects: Adverse effects have included stomatitis, nausea and rhinorrhea. Sensi- 
tivity and sensitization to Mucomyst have been reported very rarely. A few susceptible patients, particularly asthmatics (see 
Warnings), may experience varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. Most 
patients with bronchospasm are quickly relieved by the use of a bronchodilator given by nebulization. Administration & Dosage: 
Mucomyst may be administered by nebulization into a tent, Croupette, face mask, or mouthpiece, or by direct instillation. Mucomyst 
should not be placed directly into the chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and 
compatibility are included in the package insert. Additional information may be obtained from Mead 
Johnson Laboratories. Supplied: Mucomyst®-10 (acetylcysteine) a sterile 10% solution in vials of 10 ml. 
and 30 mi.. Mucomyst® (acetylcysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. References: 
andiurst. G. A. et al: Amer. Rev. Resp. Dis. 96:962, 1967. 2. Hirsch, S. R., et al.: Amer. Rev. Resp. Dis. Ho UT 
94:784, 1966. 3. Hirsch, S. R., and Kory, R. C.: J. Allerg. 39:265, 1967. 4. Thomas, P. A., et al.: Amer. Surg. 
26.449. IDE 5. Webb, W. R., and Degerli, I. U.: Clin. Med. 71:1531, 1964. 6. Webb, W. R.: Postgrad. Med. LABORATORIES 
:449, 4. 
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| ^ surgery is Rasen de- 


uncontrolled infection*—a_ 


a = complicates the al- 





rescribing information, a 
of which appears below. 


De ption: Keflin® (sodium ceph- 
lothin, Lilly) is a semisynthetic 


EH 3 the sodium salt of 7- (thio- 


ts Fom inhibition of 
. In-vitro and in-vivo 


ivity d 
ains of the following micro- organisms: 
= Staphylococcus aureus (penicillin- 
: e sensitive and penicillinase-producing) 





if Haemophilus influenzae 
Neisseria dp dme d 
























gella sp. 


genito-urinary tract, soft tissue and skin, 
ro-intestinal tract, bones and joints, blood- 
am, and cardiovascular system due to sus- 
ible organisms. Also, it has been effective 
 incases of peritonitis, septic abortion, and 
- staphylococcus | and pneumococcus meningitis. 
ee tiveness has not been established in other 
1 UE $ _ types of meningeal infection. 
RO Appropriate culture and susceptibility studies 
^ should be performed to determine susceptibility 
T7 the causative organism to Keflin. — 
. Contraindication: Keflin is contraindicated in 


‘lospom antibiotics. 


s surgical pete A 









Becher at the pf e£ : 
reful clinical crei E 
some form of allergy, particularly to 


. drugs, should receive antibiotics cau- 


s against which Keflin E 
d to be effective, please 


jl alosporin antibiotic for parenteral- 












ications: Keflin i is vindcdted in the treat- 2 
of serious infections of the respiratory - 


persons who have shown de dn paph- : 
= Maculopapular rash, urticaria, reactions 






ALOSPORIN C DERIVATIVES SHOULD BE 


EPHA 
- USED WITH GREAT CAUTION. THERE IS CLINI- 
- CAL AND LABORATORY EVIDENCE OF PARTIAL 
-CROSS-ALLERGENICITY OF THE PENICILLINS 
AND THE CEPHALOSPORINS. INSTANCES OF 
PATIENTS WHO HAVE HAD SEVERE REAC- 


ONS TO BOTH DRUGS, INCLUDING DEATH 
ROM ANAPHYLAXIS, HAVE BEEN REPORTED. 


Any patient who has demonstrated 


pane and then only when absolutely 


necessary. No exception should be made - 


with regard to Keflin* (sodium cephalo- 
thin, Lilly). — 


-~ . Usage in Pregnancy—Satety of this 


product for use during pregnancy has not 
been established. 


Precautions: Patients should be fol- 


lowed carefully so that any side- effects 


or unusual manifestations of drug idio- 


syncrasy may be detected. If an allergic 
reaction to Keflin occurs, the drug should 
be discontinued and the patient treated 
with the usual agents (e.g., epinephrine, 
antihistamines, pressor amines, or cor- 
ticosteroids). 

When Keflin is adimjnistered t to pa- 
tients with transient or persistent reduc- 
tion of urinary output due to impaired 
renal function, the total daily dose should 
be reduced. Careful clinical observation 


. and laboratory studies should be made, 
Beta-hemolytic and other streptococci - 
^ (many strains of enterococci, e.g., Strep- — 
'OCOCCUS faecalis, are relatively resistant) 


because higher and more prolonged sys- 
temic antibiotic concentrations can oc- 


- cur (see Administration and Dosage 
below). 


When intravenous doses of cephalothin 


- larger than 6 Gm. daily are given by in- 


fusion for periods longer than three days, 
they may be associated with thrombo- 
phlebitis, and the veins may have to be 
alternated. The addition of 10 to 25 mg. 


. of hydrocortisone to intravenous solu- 
: . tions con ining 4 to 6 Gm. of cephalothin 

— may reduce the incidence of thrombo- 
phlebitis. The use of small I.V. needles in 
the larger available veins may be pre- 
: ferred. 


Prolonged | use of Keflin may result in 
the overgrowth of nonsusceptible organ- 
isms. Constant observation of the patient 
is essential. If superinfection occurs dur- 
ing therapy, appropriate r measures should 
be taken. 

_A false- -positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling's solution or with Clinitest* tab- 
lets but not with Tes-Tape" (urine sugar 
analysis paper, Lilly). Z 

Adverse Reactions: Hypersensitivity— 


resembling serum sickness, and anaphy- 








laxis have been reported. Eosinophilia 
and drug fever have been reported as as- 
sociated with other allergic reactions. 
These reactions are most likely to occur 
in patients with a history of allergy, par- 
ticularly to penicillin. = 

Blood—Neutropenia and hemolytic - 


anemia have been reported. Some indi- _ 
viduals, particularly those with azotemia, 


have developed positive direct Coombs = 
tests during cephalothin therapy. FE 

Liver—Transient rise in SGOT has been ER 
reported. 

Kidney—Rise in BUN has been ob- 
served; however, some patients with ele- 
vated BUN at the beginning of cephalo- 
thin therapy have had values return to — 
normal during therapy. : 

Local Reactions— Pain, induration, 
tenderness, and elevation of temperature 
have been reported following repeated 
intramuscular injections. Thrombophle- 
bitis has occurred and is usually associ- 


- ated with daily doses of over 6 Gm. given 


by infusion for more than three days. 
Administration and Dosage: /n adults, 
the usual dosage range is 500 mg. to 1 
Gm. of cephalothin every four to six 
hours. A dosage of 500 mg. every six 
hours is adequate in uncomplicated 
pneumonia, furunculosis with cellulitis, 
and most urinary tract infections. In 
severe infections, this may be increased 
by giving the injections every four hours 
or, when the desired response is not ob- 


tained, by raising the dose to 1 Gm. In 
- [ife-threatening infections, doses up to 


2 Gm. every four hours may be required. 

In infants and children, the dosage 
should be proportionately less in accord- 
ance with age, weight, and severity of 
infection. Daily administration of 50 mg. 
per Kg. (40 to 80 mg. per Kg. or 20 to 
40 mg. per pound) in divided doses has 
been found effective for most infections 
susceptible to Keflin. : 

For additional information regarding 
dosage and administration, see package 
literature. 

How Supplied: Ampoules Keflin* (Ster- 
ile Sodium Cephalothin, U.S.P.), equiva- 
lent to 1 Gm. cephalothin, 10-ml. size, 
rubber-stoppered; equivalent to 2 Gm. 
cephalothin, 100-ml. size, rubber-stop- 
pered; equivalent to 4 Gm. cep 
50-ml. size, rubber-stoppered. 10319711 , 


Additional information available to the 
profession on request. 
Eli Lilly and Company 
Indianapolis, Indiana 46206 
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UNIPEN is Nafcillin 


(sodium nafcillin ) = 


ı one of the most effective 
antistaph agents 


reconstitutes in less than 
60 seconds 


stable for 24 hours 


when the infection is penicillin-G resistant . . . 




















The principal indication for sodium nafcillin is in the treatment of infections 
known to be due to penicillinase- producing staphylococci which have been 
shown to be sensitive to it. 


when in doubt... 


Nafcillin is particularly suitable for initial therapy in severe or potentially severe 
infections before definitive culture results are known and in which 
penicillinase- producing staphylococci are suspected.** 


Bacteriologic studies to determine the causative organisms and their sensitivity 
to nafcillin should be performed. 


*Penicillinase-producing staphylococci which have been shown sensitive to nafcillin. 
**See Important Note on second page following. 


SEE SECOND PAGE FOLLOWING FOR IMPORTANT INFORMATION. 


Wyeth Laboratories Philadelphia, Pa. 
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UNIPEN?® is Nafcillin 
(sodium nafcillin) 9 


as the monohydrate, buffered 


Ease of reconstitution plus 24-hour stability in I.V. solu- 
tions put this potent antistaph agent ‘‘on call.” 


No precipitation, less than 10% loss in activity in I.V. 
solutions held at room temperature for 24 hours.T 

e 5% dextrose in water 

e 5% dextrose in 0.4% NaCl solution 

e Isotonic NaCl 

e Ringer’s solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 
TSee “Intravenous Route" section of Brief Summary on this page. 


Indications 
The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 


therapy. Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteriol- 
ogy report later indicates the infection is due to an Organism other 
than a penicillin G-resistant staphylococcus sensitive to sodium 
nafcillin, the physician is advised to continue therapy with a drug 
other than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methicillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
In in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. _ 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicillins. 
For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 


these antibiotics. Contraindications 


A history of allergic reaction to any of the penicillins is a contra- 
indication. 


Warnings 
Warning: Serious and occasionally fatal hypersensitivity (anaphy- 
lactoid) reactions have been reported in patients on penicillin ther- 
apy. Although anaphylaxis is more frequent following parenteral 
therapy it has occurred in patients on oral penicillins. These 
reactions are more apt to occur in individuals with a history of 
sensitivity to multiple allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hyper- 
sensitivity reactions when treated with a cephalosporin. Before ther- 
apy with a penicillin, careful inquiry should be made concerning 
previous aypersensitivity reactions to penicillins, cephalosporins, 
and other allergens. If an allergic reaction occurs, appropriate ther- 
apy should be instituted, and discontinuation of nafcillin therapy 
considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 


Precautions 
As with any potent drug, periodic assessment of organ system 
function, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possibility of thrombophlebitis. 


Adverse Reactions 
Reactions to sodium nafcillin have been infrequent and mild in 
nature. As with cther penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in severe 
infections. The patient should be placed on oral therapy with this 
product as soon as the clinical condition warrants. tIntravenous 
Route: If given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 5% dextrose in 0.4% NaCl 
solution, Ringer's solution or M/6 sodium lactate solution (conc. of 
30 mg./ml.). Discard any unused portions of |.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 to 30 mg./ml. The drug concentrate and the rate and vol- 
ume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route cf administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 

Intramuscular reute: After reconstitution, keep under refrigera- 
tion and use within 48 hours. 


Oral Administration 
Beta-hemolytic streptococcal infections should be treated for at least 
10 days to prevent development of acute rheumatic fever or glo- 
merulonephritis. 
If oral therapy is inadequate, resort to parenteral sodium nafcillin. 


Supplied 
INJECTION— Vials of 500 mg., 1 and 2 Gm. Each cc. after reconsti- 
tution contains 250 mg. nafcillin buffered with 10 mg. sodium citrate. 
Also available—CAPSULES—containing sodium nafcillin, as the 
monohydrate, equivalent to 250 mg. nafcillin buffered with calcium 
carbonate in bottles of 24 and REDIPAK® (strip pack) Wyeth, boxes 
of 25. e 


Wyeth Laboratories Philadelphia, Pa. 














oie ee ae ONES 


S ewm y 
MiA 





an antacid —— 
in good taste 





i oiid Bxlgnoe formulation of magnesium and aluminum 
hydroxides with calcium carbonate. | 
/ INDICATIONS: As an antacid in the treatment and management of | 


peptic ulcer, gastritis, gastric hyperacidity, hiatal hernia, peptic 
esophagitis, heartburn, indigestion and upset stomach. | 


i Bri oher qnm Shi! tedde WARNING: Camalox should not be used in patients who are severely 


s i ff f » 
| itro tests. They n eutralize more aci id, act debilitated or suffering from kidney failure. ^ 
‘SUPPLIED: Camalox Tablets—bottles of 50 tablets and boxes of 100 


and last longer. Non-constipating, Camalox tablets (in foil strips). 


j Tablets are designed for long-term therapy and for Camalox Suspension —white liquid in 16 oz. (pint) bottle. | | 
3 | | - | 
; Camalox 4 
VANILLA-MINT TABLETS 


I n 4 
| 9 


for the acute distress of hyperacidity 














WILLIAM H. RORER, INC. 





Fort Washington, Pa. 19034 
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Macrodantin | (nitrofura ntoin macrocrystals) 
IS kind (to your patients) 


Keeps your treatment where 
the problem is...avoids the 
problems of overtreatment 


E Antibacterial action confined to one tract only... 


the urinary tract 


W High urinary and presumably renal medullary 


levels 


E Does not suppress normal bacterial flora else- 
where in the bodyt. ..does not foster resistant flora 
in the bowel which may cycle reinfection 


Unique macrocrystals 


Improve gastrointestinal tolerance 


MACRODANTIN® (nitrofurantoin macrocrystals) Prescribing Information. 


INDICATIONS: Macrodantin (nitrofurantoin 
macrocrystals) is indicated for the treatment 
of pyelonephritis, pyelitis and cystitis due to 
E. coli, enterococci, Staph. aureus or a smoll 
percentage of strains of Pseudomonas, when 
demonstrated to be susceptible by in vitro 


Susceptibility testing. Also for treatment of. 


such infections when due to some susceptible 


strains of Klebsiella-Aerobacter and Proteus. 


Itisnotindicatedfor the treatment of associated 


renal cortical or perinephric abscesses, sys- 
temic infections or prostatitis, or in any geni- 
tourinary tract infections other than pye- 


lonephritis, pyelitis and cystitis. 

CONTRAINDICATIONS: Anuria, oliguria or 
extensive impairment of renal function is a 
contraindication, The drug is contraindicated 
for infants under one month and in pregnant 


patients at term. The drug should rot be admin- 
istered to persons who have shown hyper- 


sensitivity to nitrofurantoin. 
WARNINGS: Macrodantin may cause hemolytic 


anemia of the primaquine sensitivity type, ap- 
parently linked to a glucose-6-phosphate dehy- 


drogenase deficiency. This deficiercy is found 


in 10 per cent of Negroes and in a small per- 


centage of ethnic groups of Mediterranean ond 
Near-Eastern origin. Such patients should be 


observed closely while receiving nitrofurantoin. 
Discontinue the drug at any sign of hemolysis. 
Hemolysis ceases on withdrawal. Superinfec- 
tions may occur, most commonly due to Pseudo- 


monas 


USAGE IN PREGNANCY: THE SAFETY OF NITRO- 
FURANTOIN DURING PREGNANCY AND LAC- 


TATION HAS NOT BEEN ESTABLISHED. IT 


against G.U. infection 





SHOULD NOT BE USED IN WOMEN OF CHILD- 
BEARING POTENTIAL UNLESS THE EXPECTED 


BENEFITS OUTWEIGH THE POSSIBLE HAZARDS. 
PRECAUTIONS: Peripheral neuropathy may 
occur. A fatality has been reported. Predis- 
posing conditions such os renal impairment, 
anemia, diabetes, electrolyte imbalance, 
vitamin B deficiency and debilitating disease 
may enhance such occurrence. 

ADVERSE REACTIONS: Nausea, emesis and di- 
arrhea may occur; reduction in dosage may 
alleviate these symptoms. Sensitization appear- 
ing as Cutaneous eruptions or pruritus has 
occurred. Hypersensitivity reactions resulting 
in nonfatal anaphylaxis, angioedema, pulmo- 
nary infiltration with pleural effusion and 
eosinophilia have been reported. Other possible. 
reactions are chills, fever, jaundice, agthmatic 


‘Macrodantin 


is relentless. 


2nd 
Audit 


| st 
Audit 


E.coli 95.4% 91. 
Aerobacter 7s: 793 
Klebsiella- 

Aerobacter 79.7 82.4 
Klebsiella 83.3 69.0 
Proteus — 5. e 


symptoms and hypotension. Occosionolly head- 
ache, dizziness, nystagmus, vertigo, drowsiness, 
malaise and muscular aches have occurred 
Transient alopecia has been reported. Leuko- 
penia, including granulocytopenia, has been 
reported rarely. The blood picture has returned 
to normal following cessation of therapy. As 
withother antimicrobial agents, superinfections 
by resistant organisms may occur With 
Macrodantin, however, these are limited to the 
genitourinary tract because suppression 
of normal bacterial flora elsewhere in the body 
does not occur 

DOSAGE: Adult: 50 to 100 mg. four times a day 
Children: Should be calculated on the basis 
of 5 to 7 milligrams per kilogram (2.2 to 3.2 mg. 
per Ib.) of body weight per 24 hours, to be 
gives in divided doses four times a day (con- 


Audit 


1965 1966 1968 1969 


Ath 
Audit 


3rd 


Nationwide 
hospital surveys 





aaa NIC 
esl el VU JJ 


through the years 


I! part I! for the periods shown 


against pathogens 


demonstrate in vitro 


SOURCE: R. A Gosselin and Compony, Incorporated 700 Providence Highwoy, Dedhom, 


1965-1969 
ed throughout nine 


108) locat 


reliable test in the 


hospital environment Disk was the 100 mca. concentration While standard testing methods 


)n must 


considerati 
these figures are 


not absolute. In addition, selection of therapeutic drugs should not necessarily be based or 
laboratory results alone, but consideration should be given to the clinical picture or d 


94.4% 95.57 
- = Ll 

82.2 ZI 

Mass. Audit of Bacteriology Cultures, Vo 

National Audit of Pathology Urine) Culture in hospitals 

census regions. Sensitivity testing was by the disk method, a generally 
57.8 73.4 were used by all 108 hospitals, it is recognized that in such Surveys 

be given to methodology variations as possible sources of error. Thus 
41.4 46.9 


potential toxicity of the therapeutic choice. However, this is 0 nationo! Survey of urinary 


pathogens, and the extreme care in dato collection and tabulotion does permit generally 
acceptable conclusions that the figures are significant 


traindicated under one month) 

SUPPLIED: Macrodantin (nitrofurantoin mac- 
rocrystals) Capsules of 25 mg., 50 mg., and 
100 mg. 

EATON PRODUCT CODE —For easy product 
identification and verification — Mocrodontin 
Copsules 25 mg. (007), 50 mg (F03), 100 mg. 
(F04) 


* Pyelonephritis, pyelitis or cystitis due to sus- 
ceptible organisms. See prescribing informo- 
tion for additional information concerning 
susceptible organisms, possible side effects, 
adverse reactions and precautions. 


tAs with other antibacterials, superinfections 
may occur, but with Macrodantin these are 
limited to the urinary tract. Pseudomonas is 
the organism most commonly implicated. 


the urological 
antibacterial 
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Capsules 100 mg /50mg/25 mg 


x Or iqing rs 
ABORATO 


EATON LA 


Di vision OF 


NORWIC 


rodantin 





me la 
Ind Uevetc 
( 


he Norwich Phormocol Company 


H. NEW YORK 13815 


SIMPLICITY, EFFICACY, VERSATILITY ON THE SURGICAL SERVICE... 


take advantage of the Kantrex experience 


Experience on the surgical 
service in postoperative sepsis and 
Gram-negative pneumonias has led 
many clinicians to consider Kantrex 
(kanamycin sulfate) a drug of 
choice in susceptible Gram-nega- 
tive infections with or without 
shock or septicemia '-3(Pseudo- 
monas are resistant). In the pres- 
ence of endotoxic shock? and to 
prevent progression of sepsis to 
shock, prompt use of Kantrex is 
recommended—often before ob- 
taining susceptibility test results. 


®) 


KANAMYCIN SULFATE 


NOC-15-3503-20 


KANAMYCIN SULFAT 


INJECTION © 
EQUIVALENT TO — 





1.0 Gm 


KANAMYCIN/3 ml, — @ 
Caution: Federal law p 9i 6i 
dispensing without p 


Eleven years of efficacy in 
susceptible infections at many 
sites, in almost any type of patient, 
comprise the Kantrex experience. 
Kantrex coverage includes most 
Gram-negative bacilli and most 
staphylococci (Pseudomonas are 
resistant). Rapid absorption and dif- 
fusion of Kantrex to sites through- 
outthebody should provide prompt 
therapeutic response in 24-48 
hours. If no response occurs within 
3-5 days, stop therapy and recheck 
bacterial susceptibilities. 


One simple standardized 
dose forany patientisanother facet 
of the Kantrex experience. It means 
you can prescribe Kantrex at 7.5 
mg./Kg., I.M., q. 12 h., in patients 
with normal renal function. And to 
reduce the risk of oto- and nephro- 
toxicity in patients with impaired 
renal function, the same dose ap- 
plies while the time interval be- 
tween doses increases. Simply fol- 
low the "creatinine x 9" formula.” 


*For example: If routine serum creatinine measure- 


ment is 6 mg./100 ml., multiply by 9; the interval 
between Kantrex doses is 54 hours. 











Low toxic potentiatwithin 
this simple regimen reflects the 
Kantrex experience in postsurgical 
infections. However, because the 
risk of ototoxicity does exist, daily 
Kantrex dose should not exceed 
1.5 Gm., and total therapy should 
not surpass 15 Gm. or 15 days. 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION 
(9) 7/27/71 

For complete information, consult Official Package 
Circular. 

[ Warning. The major toxic effect of parenterally 
administered kanamycin sulfate is its action on 
the auditory portion of the eighth nerve. High 
frequency deafness usually occurs first and can 
be detected by audiometric testing. Tinnitus or 
vertigo may occur and are evidence of vestibular 
injury and impending bilateral, irreversible deaf- 
ness. In such cases. decrease size and frequency 
of doses. Discontinue kanamycin and check hear- 
ing if azotemia increases. Watch carefully for oto- 
toxicity in older patients and patients receiving 
more than 15 Gm. of kanamycin. To avoid neuro- 
muscular paralysis with respiratory depression, 
postpone intraperitoneal instillation in postoper- 
ative patients until recovery from anesthesia and 
muscle relaxants is complete. Avoid concurrent 
use of other ototoxic drugs including ethacrynic 


acid and furosemide. Safety in pregnancy is not 
established. 
L 


Indications Serious infections due to susceptible strains 
of E. coli, Proteussp., Enterobacter aerogenes, K. pneu- 
momae. Serratia marcescens and Mima-Herellea Cul- 
ture and sensitivity studies should be performed 
Contraindications: A history of hypersensitivity to the 
drug. Prior auditory damage by kanamycin or other 
agents may be a contraindication if effective, alterna- 
tive therapy is available. 

Precautions: Obtain audiograms before and during 
therapy in patients with renal dysfunction when treat- 
ment lasts more than 5 days. Stop Kantrex if tinnitus 
or hearing loss occurs. Hydrate patients to prevent 
chemical irritation of the renal tubules. Assess renal 
function periodically, both before and during therapy. 
If signs of renal irritation occur (casts, cells. protein- 
uria) increase hydration and reduce the dosage or the 
frequency of dosage if necessary. In azotemic patients, 
the frequency (in hours) of doses may be obtained by 
multiplying the serum creatinine by 9. If azotemia or 
oliguria occur, discontinue therapy Mycotic or bacte- 
rial superinfection may Occur. 

Adverse Reactions: Irritation or pain at the injection 
site, skin rash, drug fever, headache and paresthesias. 
Dosage and Administration: The usual dose iS 7 5mg/ 
Kg./ 12 hours I.M. The average dose is | Gm. daily for 
adults and children. The maximum total daily adult dose 
should not exceed 1 5 Gm. by all routes of administra- 
tion. Uncomplicated infections due to sensitive orga- 
nisms should respond in 24 to 48 hours. If no response 
occurs in 3 to 5 days. stop therapy and recheck the 
bacterial sensitivities. Hydrate patients well to mini- 
mize renal irritation. Inject deeply into the upper outer 
quadrant of the gluteal muscle Discard partially used 
vials after 48 hours. The drug should not be physically 
mixed with other antimicrobials. 

Supplied: Rubber capped vials as a ready-to-use sterile 
aqueous solution in two concentrations; 0.5 Gm. in 
2 mi, 1.0 Gm. in 3 ml. Also available—Pediatric In- 
jection 75 mg. in 2 ml. AH F.S. Category 8:12 28 
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America 53:437 (March) 1969. 
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*With adequate calories and other nutrients, 
when ora! alimentation is not feasible for 
prolonged periods and/or there is impaired 
gastrointestinal absorption of protein. 
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INTRODUCING 


FreAmine 


life-supporting IM nutrition: 
with pure crystalline 
amino acids. 


FreAmine is the product of 10 years of research. It is 
the most concentrated source of naturally occurring, 
biologically available amino acids obtainable for I.V. 
nutrition. FreAmine is life-supporting—promotes 
anabolism and tissue synthesis when used in total 
parenteral nutrition, even during extended periods. 
FreAmine advantages include the following: 


e Purity: Immediate biologic availability—contains no 
peptides. 

e Concentration: 8.5% FreAmine, when mixed in a 1 to 1 
ratio with 50% Dextrose in Water, provides 6.25 g. of 
completely utilizable nitrogen plus 39 g. of protein equiv- 
alent per 1,000 ml., and 850 nonprotein calories. 

e Recognized Protein Standards: FreAmine formula is based 
on two internationally accepted standards: Rose's recom- 
mended daily allowances of essential amino acids, and hen's 
egg, the World Health Organization's protein standard. 

e Balance: FreAmine contains 8 essential and 7 nonessential 
amino acids for optimum nitrogen balance and protein 
synthesis. 

è Nontoxicity: No allergic or sensitivity reactions have been 
reported. Contains no glutamic or aspartic acids, which 
have been shown to cause nausea and vomiting. 


Further information and literature can be obtained 
from your McGaw representative. 


tWith adequate calories and other nutrients, when oral alimentation is not feasible for 
prolonged periods and/or there is impaired gastrointestinal absorption of protein. 


McGAW LABORATORIES 
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DESCRIPTION: Each 100 ml. contains: FreAmine Amino 
Acid Mixture*, 8.5 g.; Sodium Bisulfite, U.S.P., less than 
0.10 g.; Water for Injection, U.S.P., q.s., pH adjusted 
with acetic acid (approximately 20 mEq./1. Acetate). 

Approximate concentration of amino acids (g./100 ml.): 


Essential Amino Acids: t-Isoleucine 0.59; t-Leucine 0.77; 
L-Lysine HCl 0.77; Methionine 0.45; L-Phenylalanine 0.48; 
L-Threonine 0.34; L-Tryptophan 0.13; L-Valine 0.56. 


Nonessential Amino Acids: t-Alanine 0.60; L-Arginine 
0.31; r-Histidine 0.24; t-Proline 0.95; L-Serine 0.50; 
Aminoacetic Acid (Glycine) 1.8; L-Cysteine * HCl * H,O 
«70.02. Alpha amino nitrogen greater than 8096 of total 
nitrogen present. Concentration of Electrolytes (mEq./1.): 
Sodium 10, Chloride 45. 


8.5% FreAmine Solution is a sterile, nonpyrogenic solu- 
tion containing pure crystalline amino acids. A 500 ml. 
unit provides a total of 39 g. of protein equivalent and 
6.25 g. of nitrogen. 


ACTIONS: 8.596 FreAmine Solution provides, in concen- 
trated form, a physiological ratio of completely utilizable 
amino acids for protein synthesis. Used with concentrated 
carbohydrate solutions, e.g., 20 to 50% dextrose solutions, 
as a source of calories plus electrolytes and vitamins, it 
provides total parenteral nutrition. 


INDICATIONS: As an adjunct in the prevention of nitro- 
gen loss, or in the treatment of negative nitrogen balance 
in patients where: (1) oral alimentation is not feasible for 
prolonged periods, and (2) there is impaired gastrointes- 
tinal absorption of protein. 


CONTRAINDICATIONS: 1. Anuria; 2. Hepatic coma. 


WARNINGS: 1. Administration of amino acids to a pa- 
tient with hepatic insufficiency may result in a rise in 
blood ammonia. 2. Administration of amino acids in the 
presence of impaired renal function may augment an in- 
creasing blood urea nitrogen. 3. It is essential to provide 
adequate calories if parenterally administered amino acids 
are to be retained by the body and utilized for protein 
synthesis. Calorie-to-nitrogen ratios of 125 to 150 calories 
per gram of nitrogen have been recommended to achieve 
positive nitrogen balance in traumatized patients, for ex- 
ample, surgical cases. 50% Dextrose in Water is a con- 
venient source of adequate calories. 4. FreAmine has not 
been used in pregnant women; therefore, its safe use in 
such patients has not been demonstrated. 


PRECAUTIONS: 1. Whenever possible, 8.5% FreAmine 
Solution and its associated calorie solution should be ad- 
ministered through an indwelling intravenous catheter 
with the tip located in the vena cava or right atrium. 
2. During prolonged therapy, clinical evalution and peri- 
odic laboratory determinations are necessary. 


ADVERSE REACTIONS: Rarely, minor local reactions 
consisting of a warm sensation and erythema when the 
solution is administered by peripheral vein. 


DOSAGE AND ADMINISTRATION: The total daily dose 
of 8.5% FreAmine Solution depends on daily protein re- 
quirements and on the patient's response, which is deter- 
mined by clinical judgment aided by such laboratory data 
as nitrogen balance and serum protein levels. Recom- 
mended daily allowances of protein are approximately 
0.9 g. (12 ml.**) per kg. of body weight for a healthy 
adult and 1.4 to 2.2 g. (18 to 28 ml.**) per kg. for healthy 
growing infants and children. Thus, doses of 370 ml. and 
840 ml. of 8.5% FreAmine Solution would provide the 
recommended daily allowances of protein for a normal 
16 kg. (35 Ib.) child and 70 kg. (154 Ib.) adult respectively. 


Protein requirements in traumatized or malnourished pa- 
tients may, however, be substantially increased. The 
determination of nitrogen balance is probably the best 
means of accurately assessing individual protein require- 
ments. Daily doses ranging from 15 to 24 ml. (1.2 to 
1.9 g.) per kg. of body weight are generally sufficient in 
such patients to satisfy protein needs and promote posi- 
tive nitrogen balance although up to 45 ml. per kg. have 
been administered in special cases. 


For optimum amino acid retention and utilization, 8.596 
FreAmine Solution should be administered at a rate of 
approximately 1 ml. per kg. of body weight per hour. At 
this rate a 70 kg. patient would receive 500 ml. in an 
eight-hour period. The administration rate should never 
exceed 2 ml. per kg. per hour. 

Whenever possible, 8.596 FreAmine Solution and its asso- 
ciated calorie solution should be administered through an 
indwelling intravenous catheter with the tip located in the 
vena cava or right atrium. 

ROUTE: Intravenous. 


CAUTION: Federal (U.S.A.) law prohibits dispensing 
without prescription. 
HOW SUPPLIED: 8.5% FreAmine Solution is supplied 
sterile and nonpyrogenic in 500 ml. intravenous infusion 
bottles. 
*Crystalline amino acid mixture, isolated and purified 
from edible soybean hydrolysate or synthesized. 
**Based on protein equivalent of 39 g. per 500 ml. of 8.596 
FreAmine Solution. 
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Effect of Dipyridamole on Microaggregate 


Formation in the Pump Oxygenator 
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Tue factors responsible for organ dam- 
age during prolonged cardiopulmonary by- 
pass have not been fully defined. Various 
investigators have implicated vasoactive 
substances,’* 27 homologous blood reac- 
tion," alteration in plasma proteins, ® ^ 
and embolization of fat,;^?'^?* silicone 
particles ^ 2% 3 37 and microbubbles.* 1°% * 

Swank and Porter ?? utilized the screen 
filtration pressure technic?" to show that 
microemboli are continuously transfused 
into patients during cardiopulmonary by- 
pass. There have been several recent re- 
ports suggesting that embolism of aggre- 
gated cellular elements of blood may be a 
cause of abnormal function of the brain ** 
and other organs '* following clinical per- 
fusion. The studies of Ashmore and associ- 
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ates ? indicated that the microparticles were 
aggregates of platelets and fibrin which 
formed as a result of the direct contact of 
blood and oxygen in the disc oxygenator. 

The tendency for platelet aggregates to 
form under certain conditions can be 
markedly reduced by the use of dipyrida- 
mole. Emmons and associates ° have shown 
that this drug inhibited in vitro platelet 
aggregation which was either spontaneous 
or induced by adenosine diphosphate or 
noradrenalin. Dipyridamole has also been 
found to modify thrombus formation in in- 
jured vessels * and to reduce the incidence 
of arterial embolism in patients with pros- 
thetic heart valves.” The mechanism by 
which dipyridamole affects platelet ad- 
hesiveness and aggregation is unknown but 
may be related to it's property of reducing 
the transport of adenosine diphosphate 
across erythrocyte membranes where it is 
catalyzed."* 

The present study was undertaken to 
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determine if dipyridamole could inhibit the 
microaggregate formation associated with 
prolonged circulation of blood in the pump 
oxygenator., 


Materials and Methods 
Precirculation Procedure 


Blood from adult mongrel dogs was col- 
lected in Acid-Citrate-Dextrose (ACD) 
solution and used as a whole blood prime 
in a total volume of 380 cc. The blood was 
circulated in a barely occlusive Sarns® 
roller pump and 3-inch disc oxygenator at 
a rate of 1,000 cc./min. and disc speed of 
160 rpm. A continuous flow of 95% oxygen 
and 5% carbon dioxide mixture was main- 
tained throughout. The connecting tubing 
was composed of silastic?^? and the 
oxygenator was siliconized prior to use. 

Two groups of precirculations, each con- 
sisting of six experiments, were carried out. 
In one group dipyridamole*** (50 » Gm./ 
ml.) was added to the ACD solution prior 
to blood collection and in the other an 
equal volume of saline was added to serve 
as controls. All experiments were carried 
out at room temperature. 


"'Travenol Laboratories, Inc., Morton Grove. 








IIl. 
**Dow Corning, Midland, Michigan. 
**??Supplied as dipyridamole (Persantin) 
active ingredient by Geigy, Co. Solution con- 
sisted of 5% dipyridamole, 0.2%, tartaric acid and 
5% polyethylene glycol 600. 
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FIXED 
RATE 


DRIVE Fic. 1. Device used to 


measure the screen filtra- 
tion pressure of blood. 


METAL FILTER 
(Hole size: 20 x 204) 


Lung Perfusion 


At the end of an S-hour precirculation 
period the blood was perfused through 
isolated, fresh, autologous lung lobes 
( weighing 5 to 20 Gm.) to determine if the 
blood flow characteristics were altered by 
extracorporeal circulation. These lobes were 
prepared by careful dissection from the 
lung and inflation to 30 cm. H.O followed 
by deflation until intrabronchial pressure 
stabilized at 5 cm. H.O. Perfusion was 
carried out at 30 cm. H.O pressure 
(gravity) via a catheter placed in the pul- 
monary artery. The rate of blood flow 
through the lung was determined by an 
electromagnetic flowmeter and measure- 
ment of the volume of venous effluent 
blood collected every 15 seconds. To estab- 
lish baseline flows non precirculated blood 
was perfused through the lung first. The 
change in resistance to flow caused by the 
precirculated blood was assessed by per- 
fusion of the lobe with non precirculated 
blood a second time. 

The effluent precirculated blood was 
perfused through a second lung lobe to 
determine if the flow characteristics had 
been changed by passage through the first 
lobe. 

The effect of dipyridamole alone on flow 
rate was evaluated by addition of 50 » Gm./ 
ml. of the drug to non-precirculated blood 
prior to perfusion of an isolated lobe. 
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Precirculation time (hours) perfusion 


Fic. 2. Mean and standard deviation (I) of 
the screen filtration pressures measured during 
eight hours of eam fie in a pump oxygenator 
and after perfusion of an isolated lung lobe. 


Screen Filtration Pressure 


The degree of microaggregate formation 
was assessed by the screen filtration pres- 
sure (SFP) method described by Swank.*° 
This technic measures the peak pressure 
necessary to force 2 cc. of blood through a 
metal filter* with square 20 micron holes 
at a constant rate of 0.2 cc./sec. The ap- 
paratus utilized is illustrated in Figure 1. 
Screen filtration pressure measurements 
were taken immediately after collection of 
the blood, every hour of precirculation, and 
before and after each lung perfusion. 


Microscopic Observations 


Microscopic examination of wet smears 
of blood was carried out during precircula- 
tion in an attempt to visualize the micro- 
aggregates. Both perfused and non-perfused 
lung tissue were examined microscopically 


after fixation in 10% formalin and staining 


*Buckbee Mears Co., St. Paul, Minnesota. 


with hematoxylin eosin, Verhoff van gieson 
and trichrome stains. 


Results 
Screen Filtration Pressure 


The average screen filtration pressure of 
the blood collected in ACD solution was 
33 + 4.2 mm. Hg in the control group and 
26 +76 mm. Hg in the dipyridamole 
group. The SFP steadily increased during 
precirculation in all cases (Fig. 2). At the 
end of 8 hours of ín vitro circulation the 
SFP was markedly higher in the control 
group (average 154 + 22.5 mm. Hg) than 
the dipyridamole group (average 79 + 29.5 
mm. Hg). This difference was statistically 
significant (p < 9.005). In both groups the 
SFP returned to normal after perfusion of 
the lung. 
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Fic. 3. Rate of blood flow through isolated 
lung lobes after 8 hours of precirculation. All 
values for both the control group (O) and 
dipyridamole group (@) are illustrated. Curves 
were computed using an existing Fortran program 
designed to give the “best fit curve” by the method 
of least squares. 
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Fic. 4. Rate of flow through isolated lung lobes in two experiments using non dipyridamole 


precirculated blood (control group) 


and two experiments using dipyridamole precirculated 


blood. During the final perfusion with non precirculated blood in both groups flow returned 


towards control levels. 


Lung Perfusion 


The flow rate tended to rise gradually 
during perfusion of the lung with non pre- 
circulated blood. However, there was a 
steady decline in flow when perfused with 
precirculated blood (Fig. 3). The flow rate 
decreased to around 70% of control during 
perfusion with the first 100 cc. in both 
groups. Thereafter flow steadily declined in 
the control precirculated group so that after 
300 cc. of blood had passed through the 
lung the flow rate was only 37% of control. 
By contrast, further perfusion with the 
dipyridamole precirculated blood resulted 
in a very gradual decline in flow rate: a 
decrease to 63% of control by the end of a 
350 cc. perfusion. 

Further perfusion of these lobes with non 
precirculated blood resulted in a gradual 
return toward the control flow rate. This 
phenomenon is illustrated in Figure 4. Flow 
had returned to 85 +8.1% in the control 
group and 90 + 9.1% in the dipyridamole 


group after 250 cc. of blood had passed 
through the lung. In no instance was the 
SFP of the effluent blood elevated. 

During perfusion of a second lobe with 
the effluent precirculated blood the flow 
rate in both groups changed very little. At 
the end of a 250 cc. perfusion the flow rate 
had declined only 5 to 15% of control and 
there was no significant difference between 
the two groups. 

The addition of dipyridamole to non pre- 
circulated blood prior to perfusion did not 
affect the flow rate. 


Microscopic Observations 

Cellular aggregates (probably platelets ) 
were found on microscopic examination of 
wet smears of blood taken after several 
hours of precirculation (Fig. 5). These 
aggregates were found in blood circulated 
with and without dipyridamole but not in 
blood which had remained in the collection 
bottle for an equal length of time. 

In all perfused lungs there were areas of 
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minimal patchy atelectasis, alveolar hem- 
orrhage and rupture of alveolar septa. In 
several cases alveolar septa were infiltrated 
with polymorphonuclear leukocytes sug- 
gesting pre-existing pneumonitis. 

In the lungs perfused with precirculated 
blood many of the capillaries and venules 
were occluded with refractile eosinophilic 
material (Fig. 6). These apparent micro- 
emboli were more prominent in the lungs 
perfused with non dipyridamole precircu- 
lated blood, however, they were not ex- 
tensive in any of the sections. 


Discussion 


The screen filtration pressure method has 
been shown to be an effective means of 
detecting aggregation of cellular elements 
in blood.^ 79: Swank *”: *° suggested that 
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the SFP method detected adhesive and/or 
aggregated platelets which formed in re- 
sponse to a variety of stimuli including 
prolonged storage of blood. After a series 
of experiments Dhall and associates * * 
concluded that the technique was even 
more specific and that the SFP corres- 
ponded closely to the size of platelet aggre- 
gate formed. 

Prolonged circulation of blood in a pump 
oxygenator is associated with a marked rise 
in the SFP and widespread clumping of 
platelets. In our study the SFP in the 
control group had increased an average of 
470% after 8 hours of precirculation. Micro- 
aggregates have also been detected in the 
pump oxygenator at the time of clinical 
cardiopulmonary bypass and were trans- 
fused into the patients, presumably being 
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Fic. 5. Cellular aggregate approximately 35 microns in diameter (arrow) observed in 
. a wet smear of blood circulated for four hours in the pump oxygenator. 
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Fic. 6 A & B. Eosinophilic aggregates (arrows) 
found in capillaries of lungs perfused with pre- 
circulated blood. Hematoxylin eosin X 201 ). 
filtered out in the microcirculation.? *? 
Further evidence of platelet embolization 
during clinical perfusion has been pre- 
sented by Jenevein and Weiss." In their 
study of patients dying within 4 days of 
open-heart surgery they found widespread 
occlusion of systemic arterioles and capil- 
laries by cellular elements which, by special 
straining technics, were found to be plate- 
lets. 

In an attempt to define the factors re- 
sponsible for microaggregate formation in 
the pump oxygenator, Ashmore and associ- 
ates” performed a series of experiments 
using different technics of precirculation. 
They concluded from their observations 
that microaggregate formation resulted 
from the exposure of blood to a high con- 
centration of oxygen in the disc oxygenator 
and that it could be ameliorated by; 1) 
omitting the use of high oxygen concentra- 
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tions, 2) utilizing a membrane oxygenator 
or, 3) adding low molecular weight dextran 
to the priming solution. 

Although it is difficult to determine the 
exact effect microparticulate embolization 
has on the patient during cardiopulmonary 
bypass, several experimental studies have 
demonstrated functional impairment of 
organs after perfusion. Allardyce and as- 
sociates * noted that veno-arterial perfusion 
in dogs with blood containing microaggre- 
gates resulted in severe hypoxia with renal, 
cerebral and cardiovascular abnormalities. 
Veno-venous perfusion caused pulmonary 
hypertension, hypoxia and profound sys- 
temic hypotension. Even in the absence of 
an increased vascular resistance alveolar 
gas exchange in the lung may be altered by 
pulmonary microembolism.** Hirsch and 
and associates '* demonstrated the adverse 
effect of cerebral perfusion with blood 
containing microaggregates. They found 
that the character and duration of electrical 
activity arising from the brain were depend- 
ent upon the SFP of the perfusing blood. 

In our studies, flow through the lung 
steadily decreased during perfusion with 
precirculated blood which had a high SFP. 
This appears to be the result of massive 
microembolization in the lungs since the 
SFP of the effluent blood had returned to 
normal and further perfusion of another 
lobe with the effluent precirculated blood 
did not result in the same marked decrease 
in flow. Moreover, microemboli were identi- 
fied microscopically in the capillaries and 
venules of the lung. 

Occlusion of the microcirculation in the 
lung by miliary emboli causes a rise in the 
pulmonary vascular resistance * ?? which 
in the non denervated animal may be parti- 
ally due to reflex vasospasm.?* Some investi- 
gators have also suggested that humoral 
agents released from platelets plaved a role 
in the increased vascular resistance caused 
by pulmonary embolism.? The use of iso- 
lated lung lobes in our experiment elimi- 
nates the possibility of reflex action. The 
influence of a humoral factor would al§o 
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Fic. 6 C. Eosinophilic ag- 
gregates (arrow) found in ven- 
ules of lungs perfused with pre- 
circulated blood. Hematoxylin 
eosin X 312. 


seem to be minimal since the agent re- 
sponsible for the marked decrease in flow 
was removed by one passage through the 
lung. Although, it is conceivable that vaso- 
active substances were inactivated by a 
single perfusion. 

The mechanism by which the reduced 
rates of flow in the perfused lobes returned 
toward normal when further perfused with 
nonprecirculated blood is unknown. Hissen 
and Swank! and Swank and associates ** 
have shown that once perfused organs be- 
come saturated with microemboli they 
begin to appear in the venous circulation. 
It would not appear that washout of the 
emboli was the explanation in our experi- 
ments because the SFP of the venous efflu- 
ent blood always remained within the 
normal range. However, these aggregates 
could have broken up into smaller particles 
im which case the SFP of venous blood may 
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not have been elevated. Another possible 
explanation is that arteriovenous shunts 
opened which resulted in a fall in vascular 
resistance." 


This study demonstrates that micro- 
aggregate formation in the pump oxygen- 
ator can be markedly reduced by the addi- 
tion of dipyridamole to the blood prime 
prior to precirculation. The rise in screen 
filtration pressure during in vitro circula- 
tion was lessened and flow rates during 
lung perfusion were better maintained. Al- 
though our experiment did not include 
monitoring the various parameters of organ 
function other investigators have shown 
that reduction in SFP results in better 
preservation of organ function during per- 
fusion. Swank ?? found that lowering the 
SFP of blood by glass wool filtration prior 
to venous perfusion in animals reduced 
microembolization to lung capillaries with 
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resultant stabilization of the animals condi- 
tion. Filtration of blood during clinical 
cardiopulmonary bypass has also been 
shown to reduce the incidence of micro- 
embolization and mortality following open- 
heart surgery.” 

It is likely that the effect of dipyrida- 
mole on reducing microaggregate forma- 
tion is the result of its action on platelet 
adhesiveness and aggregation. 2° Dipyrida- 
mole may tend to inhibit the formation of 
numerous large platelet aggregates or limit 
the size of such aggregates. Dhall and as- 
sociates * found that the SFP correlated 
closely with the size of platelet aggregates 
(above 50 microns) as determined by di- 
rect microscopic examination and a turbi- 
dimetric method. 

The eosinophilic microemboli present in 
capillaries of the lungs have not been 
clearly identified. Ashmore and associates ? 
and Allardyce and associates! have re- 
ported similar findings in lungs perfused 
with blood precirculated in a pump oxygen- 
ator and thy concluded that the aggregates 
were clumps of platelets and fibrin. AI- 
though periarterial hemorrhage, alveolar 
hemorrhage and alveolar edema usually 
develop during the course of isolated lung 
perfusion with whole blood, the occlusion 
of capillaries with microemboli has been 
notably absent.?* 38 

Dipyridamole can reduce the degree of 
microaggregate formation in blood during 
circulation in the pump oxygenator but 
further studies are necessary to determine 
if dipyridamole has any effect on the 
morbidity and mortality associated with 
prolonged perfusion. The available infor- 
mation suggests that organ function is bet- 
ter preserved when the SFP of perfusing 
blood is kept low. 


Summary and Conclusions 


Dipyridamole, an agent which reduces 
platelet aggregation and adhesiveness, was 
added to blood prior to prolonged circula- 
tion in a pump oxygenator in an attempt 
to inhibit microaggregate formation. The 
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screen filtrate pressure (SFP) method was 
used to assess the degree of microaggrega- 
tion. 

After 8 hours of precirculation the SFP 
in the nondipyridamole (control) group 
had increased from 33.0 + 4.2 mm. Hg to 
154.0 + 22.5 mm. Hg. Perfusion of an iso- 
lated autologous lung lobe with the pre- 
circulated control blood resulted in a 
marked decrease in flow to 3796 of control 
level, after 300 cc. of blood had passed. 

By contrast the SFP of the dipyridamole 
precirculated group had increased from 
26.0 + 7.6 mm. Hg to only 79.0 + 29.5 mm. 
Hg after 8 hours and lung perfusion re- 
sulted in a flow decrease to 63% of control. 
In both grou»s, the SFP of the effluent 
blood had returned to normal and further 
perfusion of the lobe with control (non- 
precirculated) blood resulted in a gradual 
return of flow to 85 to 9096 of control 
value. Dipyridamole added to nonprecir- 
culated blood did not alter flow through 
the lung. 

It is concluded from this study that 
dipyridamole can reduce the degree of 
microaggregate formation in blood circu- 
lated for prolonged periods in the pump 
oxygenator. 
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Distribution of Pancreatic Enzymes between 
Serum and Red Blood Cells 
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Ir was observed in previous studies ? ® '4 
in this laboratory that the intravenous in- 
fusion of pancreatic juice produced an im- 
mediate elevation in the plasma levels of 
amylase and lipase followed by their 
rather rapid disappearance from the 
plasma. The very low urinary output of 
these enzymes did not explain their re- 
moval from the plasma. Studies by Hiatt 
and. associates ^? also indicated that dogs 
remove amylase from the serum by means 
other than that of urinary excretion. On the 
other hand, Hiatt and associates reported 
that maximal plasma amylase levels were 
not attained until 3 hours after the enzyme 
was injected into the blood stream. From 
their investigations, it appeared that 60— 
80% of intravenously infused amylase was 
transiently bound to the blood cells and 
then gradually released into the plasma. 
The binding of I-labeled amylase to red 
blood cells appeared to occur under in 
vivo, but not under in vitro conditions. 
They believed that the in vivo binding of 
131]-labeled amylase to blood cells involved 
a functional reticuloendothelial system 
(RES) since the administration of thorium 
dioxide, a RES blocking agent, seemed to 
prevent in vivo binding of amylase to 
blood cells. Although relatively little is 
known about the specific pathways in- 
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volved in the catabolism of plasma pro- 
teins, thare is no substantial evidence that 
plasma proteins such as albumin and glo- 
bulins are bound to red cells prior to their 
destruction. The binding of amylase to red 
cells prior to its removal from the blood 
stream probably would involve a unique 
mechanism which does not occur in the 
destruction of albumin and globulins. On 
the other hand, amylase and lipase are re- 
moved from the serum at rates which are 
faster than that for other serum enzymes 
and possibly some unique mechanisms may 
be involved in their destruction. 

The current investigation was under- 
taken to determine the extent of binding of 
pancreatic enzymes to blood cells and to 
determine whether this initial binding was 
an important step in the removal of pan- 
creatic enzymes from the circulation. In 
addition to reinvestigating amylase binding 
to red blcod cells, studies were made on the 
possible binding of lipase to blood cells. 
Enzyme activity and *?I radioactivity were 
used to quantitate the amount of enzyme 
present in the blood components at various 
time intervals following the introduction of 
pancreatic enzyme into the blood stream. 


Methods 


Pancreatic juice was collected on ice via 
a Thomas duodenal cannula in chronic 
dogs under constant secretin and pan- 
creozymin stimulation, as described in pre- 
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vious studies. 1 14 The pancreatic juice 
proteins were tagged with I by the 
method of Schramm." Adult mongrel dogs 
of either sex ranging from 12 to 20 Kg in 
body weight were used as recipients. They 
were anesthetized with intravenous sodium 
pentothal. A group of eight dogs each re- 
ceived an intravenous sodium infusion of 
non-radioactive pancreatic juice collected 
within the 3-hour period before its admin- 
istration. Each animal received approxi- 
mately 3 ml. of pancreatic juice/Kg. of 
body weight. A second group of ten dogs 
received intravenously 10 to 30 ml. of 
iodinated pancreatic juice with a total 
radioactivity of 1.6-14.3 x 10? CPM. Ven- 
ous blood specimens were taken from both 
groups of animals before as well as during 
the 3-hour period subsequent to adminis- 
tration of the pancreatic enzymes. The 
Somogyi method +? was used to determine 
amylase activity, and the Cherry-Crandall 
method‘ was used to estimate lipase ac- 
tivity. Radioactivity was measured using 
a Baird-Atomic model 810A scintillation 
detector and model 132 scaler. Radio- 
activity and enzyme analyses were per- 
formed on heparinized whole blood and on 
plasma obtained by centrifugation. Blood 
cells, separated from plasma by centrifuga- 
tion, were subsequently resuspended in 
0.9% saline and recentrifuged. Analyses 
were then made on the washed cells. 
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Fic. 1. Distribution of 
amylase (ey) units ) 
between ? lasma, whole 
blood and washed red 
cells following the infu- 
sion of pancreatic ioe 
in E dogs. The hori- 
zontal lines represent the 
standard error of the 
mean. 
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Results 


The mean values for the whole blood, 
plasma and blood cell distribution of amy- 
lase and lipase observed before and after 
administration of non-iodinated pancreatic 
enzymes is shown in Figures 1 and 2, re- 
spectively. At each time of sampling after 
infusion, the amylase and lipase activities 
of the plasma were higher than those of 
whole blood or washed blood cells. The 
whole blood amylase activity was less than 
that of the plasma and higher than that of 
the red cells. The plasma lipase levels were 
higher than those of the whole blood or 
washed blood cells. On the other hand, the 
lipase levels of whole blood were approxi- 
mately the same as those for washed cells. 
The plasma amylase and lipase activities 
were at their highest values immediately 
after the infusion of these enzymes. There 
was no indication of an initial binding of 
either of the enzymes to the red blood 
cells. 

The disappearance of !I-labeled pan- 
creatic enzymes from the plasma of ten 
dogs is shown in Figure 3. The decline in 
radioactivity in the plasma, blood cells and 
whole blood paralleled the decline in 
enzyme activity which was observed in the 
group of dogs receiving pancreatic juice 
which was not labeled with +I. Following 
the administration of ***I-labeled pancrea- 
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tic enzymes, the highest amount of radio- 
activity appeared in the plasma. The least 
radioactivity appeared in the blood cells. 
The radioactivity in the whole blood was 
intermediate between that of the plasma 
and blood cells. There were no indications 
that the plasma increased its radioactivity 
at the expense of the red blood cells. 


Discussion 


The importance of studies on the path- 
ways involved in the destruction of cir- 
culating enzymes and the lack of informa- 
tion about the degradation of serum 
amylase was emphasized in a review 
article by Posen.” Studies from this labora- 
tory >14 and from those of Hiatt et al.^* 
indicate that the amount of amylase turn- 
over is greater than is generally appreci- 
ated. Posen? caleulated the plasma amy- 
lase turnover may be as high as 45,000 
units per day in an individual with a 
plasma amylase activity of 100 Somogyi 
units and an extracellular volume of 15 
liters. Amylase turnovers may be increased 
during pancreatitis. It would seem im- 
portant to know whether the amount of 
serum enzymes attached to red blood cells 
is variable under different physiological 
conditions. 

It is difficult to relate the findings of this 
investigation with those of Hiatt and as- 
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Fic, 2. Distribution of 
lipase (Cherry-Crandall 
units) between plasma 
whole blood and washe 
red cells following the 
infusion of pancreatic 
juice in eight dogs. The 
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sociates.": 8€ It does seem, however, that the 
experiments of Hiatt and associates were 
adequate to demonstrate that crystalline 
hog amylase was first bound to red blood 
cells prior to its removal from the blood 
stream when given to dogs or pigs. They 
did additional experiments involving the 
infusion of hyperamylasemic serum taken 
from pancreatic duct ligated dogs and 
given to normal dogs. They found that the 
maximal serum levels occurred after a de- 
lay of 1-3 hours. Although values for blood 
cell amylase were not given, a delay in 
plasma levels reaching maximal levels 
would be consistent with an initial binding 
of amylase with red blood cells. On the 
other hand, it would not be expected that 
the serum levels reach maximal values im- 
mediately since the hyperamylasemic serum 
was infused. over a period of from 1-3 
hours. It cannot be argued that the process 
of washing the red cells explains the dif- 
ferences between our findings and those of 
Hiatt and associates since those investiga- 
tors also washed their red cells in somé of 
their experiments. 

In our study pure pancreatic juice was 
used as a source of enzyme because this 
mixture is believed to more closely approxi- 
mate what the pancrease liberates into the 
blood stream than a single enzyme pre- 
paration. In addition, it is possible that an 
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enzyme may be partially denatured during 
its crystallization process. Rossing and 
Jensen *? showed that alcohol isolated pre- 
parations of albumin. were metabolized at 
considerably faster rates than that of salt 
fractionated albumin. The amylase pre- 
paration used by Hiatt et al^? was pre- 
pared according to the method of Caldwell 
et al? in which amylase is precipitated 
several times with an alcohol-ether mix- 
ture. It is possible that partial denaturation 
of this enzyme preparation accounted for 
its uptake by the reticuloendothelial system 
and preliminary attachment to the red 
blood cells prior to its release into plasma. 

Studies were also made involving the 
use of "?ILlabeled pancreatic enzymes. 
This study was not entirely comparable to 
that of Hiatt et al.^* which involved the 
use of a crystalline enzyme preparation. 
There is no reason to believe, however, that 
amylase is metabolized in a way which is 
unique from that of the other pancreatic 
enzymes. In our studies using '*5I.Jabeled 
pancreatic enzymes there was no indication 
that these enzymes were initially bound to 
red blood cells and later released into the 
plasma. This experiment also provided a 
means of determining whether the iodine 
tag could have been first removed from the 
pancreatic enzymes and then attached to 
the xed blood cells. There was no evidence 
that initially more radioactivity was associ- 
ated with the red blood cells than with the 
plasma. 

The rate of removal of amylase from the 
blood stream in this investigation was com- 
parable to that observed by Hiatt et al." 8 
as well as that previously observed in this 
laboratory.^'* Approximately half of the 
injected amylase disappeared from the 
blood at the end of 4 hours. The mechan- 
isms involved in the removal of pancreatic 
enzymes from the serum are not yet fully 
understood. Previous studies? * indicate 
that an insignificant amount of enzymes is 
excreted by the kidneys. Circulatory failure 
resulting from the administration of pan- 
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Fic. 3. Distribution of “I between plasma, 
whole blood and blood cells in a group of ten 
dogs following the intravenous injection of I- 
labeled pancreatic juice. 


creatic proteolytic enzymes could hardly 
explain the difference between our ob- 
servations and those of Hiatt and associates 
since infusion of pancreatic juice, prior to 
activation of its trysinogen with entero- 
kinase, fails to produce a marked degree of 
hypotension in dogs.5* Non-anesthetized 
dogs have been given intravenous infusions 
of non-activated pancreatic juice in amounts 
ranging from 50-100 ml. on numerous 
occasions with practically no immediate or 
delayed hemodynamic or behavioral 
changes. 

Studving the distribution of infused lipase 
between the plasma and red blood cells 
is a more difficult problem than studying 
the distribution of amylase. In this and 
previous studies ^'* the half-life of intra- 
venously infused lipase was comparable to 
that of amylase. In previous studies ^4 it 
was found that under in vitro conditions 
several times more lipase activity could be 
recovered from plasma than which was 
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originally added to the plasma. The incre- 
ment in whole blood lipase activity was 
less when pancreatic juice containing lipase 
was added to whole blood than when 
added to plasma. No such activating pro- 
cess was demonstrable when amylase of 
pancreatic juice was added ín vitro to 
plasma or whole blood. In the current 
study plasma lipase activity was increased 
out of proportion to its increase in blood 
cells or whole blood. The mechanisms by 
which plasma augments pancreatic juice 
lipase activity await further elucidation. | 
From this study, it is concluded that in- 
fused pancreatic enzymes disappear from 
the blood stream of dogs at faster rates 
than other serum prozeins such as al- 
bumin * 1° and globulins. The preliminary 
binding of pancreatic enzymes to blood 
cells does not appear to be important in 
their removal from the blood stream as 
suggested by the investigations of Hiatt 
and associates. Both amylase and lipase 
appear to behave similarly in this regard. 


Summary 


Pancreatic juice enzymes were collected 
from donor dogs and injected intra- 
venously into recipient dogs. Following 
the injection of both radioactively labeled 
and non-radioactive’ enzymes, blood 
samples were drawn in order to study the 
distribution of pancreatic enzymes between 
the plasma and red blood cells. The en- 
zymatic determination of amylase and 
lipase activities and the appearance of **5I 
activity were used as criteria to determine 
the distribution of pancreatic enzymes be- 
tween the plasma and red blood cells. Half 
of the pancreatic enzymes disappeared 
from the circulation within 2 to 4 hours 
following their injection into the blood 
stream. The plasma levels of these enzymes 
were invariably higher than those of the 
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red blood cells or whole blood. The initial 
binding of pancreatic enzymes to red blood 
cells as suggested by previous investigators 
does not appear to be significant in the re- 
moval əf these enzymes from the blood 
stream. 
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Methemalbumin in Acute Pancreatitis: An Experimental 
and Clinical Appraisal 


Tuomas R. KeLLY,* M.D., Ropert L. Kier, M.D., 
Jose M. Porguez, M.D., Greorce M. Homer, Px.D. 


From the Surgical Research Laboratory of the Akron City Hospital, Akron, Ohio 


In 1963 Northam‘ reported the presence 
of methemalbumin in the serum of patients 
with hemorrhagic or necrotizing pancre- 
atitis. He showed that methemalbuminemia 
accurately differentiated mild edematous 
pancreatitis from the more fulminating 
hemorrhagic form of the disease. Joseph 
et al5 used methemalbumin as an accurate 
method for differentiating acute pancre- 
atitis from other lesions producing an 
“acute abdomen” and requiring prompt 
surgical exploration. They found increased 
methemalbumin levels in all dogs with 
hemorrhagic pancreatitis ranging from 59 
to 111 mg./100 ml. In the dogs that had 
various other surgical procedures per- 
formed, the serum amylase levels rose be- 
tween 1,000 and 1,500 units after operation 
but the methemalbumin levels remained 
below 8.02 mg./100 ml. in all instances. 
They concluded that elevated methemal- 
bumin levels would differentiate acute pan- 
creatitis from other surgical lesions produc- 
ing hyperamylasemia but which require 
exploration. Anderson and his group? 
found increased levels of methemalbumin 
not only in acute hemorrhagic pancreatitis 
but also in two other experimental diseases, 
which often are confused with severe pan- 
creatitis i.e. strangulation obstruction and 
superior mesenteric artery occlusion. They 
concluded that elevated levels of methem- 
albumin not only occur in hemorrhagic 
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pancreatitis but also in other conditions 
which cause tissue necrosis. These conclu- 
sions by Anderson were verified by Good- 
head * who reported four instances of met- 
hemalbuminemia associated with an “acute 
abdomen” in which acute pancreatitis was 
not present. 

The purpose of this study was to further 
evaluate, in the laboratory and on the 
ward: 1) the reliability of the methemal- 
bumin test in differentiating acute pancre- 
atitis from other lesions requiring prompt 
operation; especially conditions which in- 
volve tissue necrosis and 2) the time of 
onset and the duration of the methemal- 
bumin elevation during the course of the 
disease. 


Materials and Methods—Experimental 
Study 


Ninety mongrel dogs were used in this 
experiment. All operative procedures were 
performed under intravenous pentobarbital 
anesthesia utilizing aseptic technic, The 
animals were divided into eight groups: 

Group I. Control group: 10 dogs. Ex- 
ploratory laparotomy performed. 

Group II. Acute edematous pancreatitis: 
10 dogs. Performed by ligation of the ma- 
jor and minor pancreatic ducts. 

Group III. Acute hemorrhagic panere- 
atitis: 20 dogs. Created by injection of 10 
cc. autogenous bile in the minor pancreatic 
duct utilizing pressures greater than 40 cm. 
of water. 

Group IV. Perforated peptic ulcer: 10 
dogs. Circular piece of tissue of the ante- 
rior wall of the duodenum was removed. 
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Group V. Simple small bowel obstruc- 
tion: 10-dogs. An umbilical tape was used 
to encircle and completely occlude the 
midportion of the jejunum. 

Group VI. Superior mesenteric vein oc- 
clusion: 10 dogs. The vein was ligated just 
as it joined the portal vein. 

Group VII: Superior mesenteric artery 
occlusion: 10 dogs, The artery was ligated 
distal to the inferior pancreaticoduodenal 
branch. 

Group VIII. Strangulation of an isolated 

segment of jejunum: 10 dogs. A 12 cm. 
segment of jejunum 12 cm. below the liga- 
ment of Trietz was isolated, twisted on its 
mesentery until strangulation occurred and 
then sutured to the anterior abdominal 
wall. 
- Simultaneous blood amylase and met- 
hemalbumin determinations were per- 
formed preoperatively and then 6, 12, 24, 
36, 60, 72 and 96 hours postoperatively. 
Amylase values were performed by the 
method of Caraway.? Methemalbumin con- 
centrations were determined by the spec- 
torophotometric method of Shinowara and 
Walters. Autopsies were performed on all 
animals to confirm the presence of the dis- 
ease being created in each group and to 
assure that secondary pancreatitis had not 
Occurred. 


Materials and Methods—Clinical Study 


Seventy-three patients were utilized in 
this part of the study. 

Group I. 25 patients: control group con- 
sisted of patients admitted for elective sur- 
gical operations. 

Group II. 15 patients with acute edema- 
tous pancreatitis. 

Group III. Five patients with acute hem- 
orrhagic pancreatitis. 

Group IV. Five patients with perforated 
duodenal ulcers. 

Group V. Eight patients with simple 
small bowel obstruction. 

Group VI. Seven patients with strangu- 
lated small bowel obstruction. 
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Group VII. Three patients with mesen- 
teric venous occlusions. 

Group VIII. Five patients with mesen- 
teric arterial occlusions. 

The diagnosis of hemorrhagic and ede- 
matous pancreatitis was made by opera- 
tion, autopsy, clinical course and serum 
amylase levels above 400 units/100 ml. 
The diagnosis of all other lesions was con- 
firmed by operation at autopsy. Pain, vom- 
iting, jaundice, peritoneal irritation and 
abdominal distention were present in both 
edematous and hemorrhagic pancreatitis 
and were usually of no help in differentiat- 
ing between these two forms of the dis- 
ease. The presence of peripheral cyanosis, 
hypotensicn, shock or depression of serum 
calcium in most instances supported the 
diagnosis of hemorrhagic pancreatitis. The 
degree of elevation of serum amylase was 
no guide to the severity of the disease, 
since a wide range was found. 

Serum amylase and methemalbumin de- 
terminations were performed on all pa- 
tients at the time of admission and at vari- 
ous intervals ranging up to 8 ‘days. 


Results —Experimental Study 


In the ten control dogs that had explora- 
tory laparotomies there was no elevation 
of serum amylase or methemalbumin. Se- 
rum amylase determinations ranged be- 
tween 100 and 950 units which is normal 
for the dog. Methemalbumin levels re- 
mained below 8 mg./100 ml; the normal 
range varied between 0 and 8 mg./100 ml. 

Dogs with acute edematous pancreatitis 
all had rises in serum amylase to a maxi- 
mum of 2,500 units. The rise began about 
12 hours postoperatively and returned to 
normal by 48 hours. Methemalbumin levels 
remained normal never exceeding 6 mg. 
/100 ml. In contrast, all animals with hem- 
orrhagic pancreatitis showed increased lev- 
els of methemalbumin ranging from 25 to 
125 mg./100 ml. Methemalbumin levels 
began to rise about 15 hours following op- 
eration and remained. elevated for 6 days 
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before returning to normal. Although 7076 
of animals that had various other surgical 
procedures performed showed rises in se- 
rum amylase levels, none had elevation of 
the methemalbumin. The methemalbumin 
levels remained below 8 mg./100 ml. in all 
instances. 


Results—Clinical Study 


None of 25 patients in the control group 
admitted for elective operation, showed a 
rise in serum amylase or methemalbumin 
levels. In all instances the serum amylase 
remained below 140 mg./100 ml. and met- 
hemalbumin below 8 mg./100 ml. Fifteen 
patients with acute edematous pancreatitis 
developed elevated serum amylase levels 
ranging from 400 to 3,200 units. None of 
the patients in this group, however, had 
an increased methemalbumin level. The 
diagnosis of edematous pancreatitis in 
these patients was made by the clinical 
course and elevated serum amylase levels 
in 12 and by operation in three. In five 
patients with hemorrhagic pancreatitis se- 
rum amylase levels ranged from 750 to 
2,800 units and all had elevated methem- 
albumin levels. The serum methemalbumin 
ranged from 50 to 170 mg./100 ml. In- 
creased levels were detected from 15 to 18 
hours after the onset of illness in these pa- 
tients and remained elevated for 6 days. 
The diagnosis of hemorrhagic pancreatitis 
was made by the clinical courses in three 
and autopsies in two. The remaining 28 
patients, found at operations to have per- 
forated ulcers, simple small bowel obstruc- 
tions, strangulation obstructions or mesen- 
teric vascular occlusions, all had methem- 
albumin levels within the normal range 
even though 50% had increased levels of 
serum amylase. 


Discussion 


Methemalbumin appears to form in 
acute pancreatitis from the extravasation 
of blood in and around the pancreas. Pan- 
creatic enzymes liberated locally as a re- 
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sult of the pancreatitis digest the surround- 
ing hemoglobin breaking it into two mole- 
cules: heme and globin. The enzymes oxi- 
dize the ferrous heme to ferric hematin, 
also known as metheme. Metheme is ab- 
sorbed into the circulation and combines 
with albumin to form methemalbumin. 

Northam and associates, in 1963," were 
the first to report the presence of methem- 
albumin in acute hemorrhagic pancreatitis 
They utilized this test to differentiate be- 
tween hemorrhagic and edematous pancre- 
atitis. They found levels of methemalbumin 
elevated in six instances of hemorrhagic 
pancreatitis, whereas no methemalbumin 
was detected in 14 instances of edematous 
pancreatitis. In 1965 Winstone ? found the 
same to be true in 33 additional patients 
with the same two diseases. Only those 
with hemorrhagic pancreatitis showed ele- 
vated methemalbumin levels. 

The experimental and clinical data in 
this study corroborate the observations of 
Northam and Winstone."? Only dogs with 
hemorrhagic pancreatitis showed increased 
methemalbumin levels, whereas, methem- 
albumin levels remained normal in all ani- 
mals with edematous pancreatitis. The same 
was true in our clinical study, only patients 
with hemorrhagic pancreatitis developed 
increased levels of methemalbumin. In all 
patients, with edematous pancreatitis, no 
methemalbumin elevation was detected. 
Although the increase in amylase levels re- 
turnel to normal by 48 hours, methemalbu- 
min levels remained elevated for a longer 
period of time, In both the animal and 
clinical studv methemalbumin levels began 
to rise as early as 10 hours, reached a 
maximal elevation by the fourth day, and 
returned to normal by the sixth day. The 
test produces a good index for the diag- 
nosis of pancreatitis at a time when serum 
amylase level return to normal. 

Our studies also agree generally with 
those of Joseph et al.” Only in patients and 
animals with hemorrhagic pancreatitis were 
elevated levels of methemalbumin present. 
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In the remaining patients and animals with 
hyperamylasemia and surgically created 
emergencies no detectable methemalbumin 
was present. 

Our studies, however, agree with those 
of Anderson et al? They reported, in the 
dog, increased methemalbumin levels not 
only in hemorrhagic pancreatitis but also 
in two other necrotizing diseases: experi- 
mental strangulation obstruction and in 
bowel infarction associated with acute su- 
perior mesenteric artery occlusion. Em- 
ploying these same necrotizing diseases in 
20 dogs (groups 7 and 8), no elevation of 
methemalbumin was found. Also, no in- 
crease in methemalbumin level was en- 
countered in patients with strangulated 
small bowel obstructions (groups 6, 7, and 
8). Five of these patients had acute supe- 
rior mesenteric artery occlusions and three 
superior mesenteric vein occlusions. The 
difference in our results may be the result 
of protocol. In the dog it may be important 
to ligate the superior mesenteric artery be- 
yond the origin of the caudal pancreatico- 
duodenal artery in order not to produce 
ischemic pancreatic necrosis. This was per- 
formed in our animals. As reported by 
Shinowara,® we found that lipemic serum 
may give a false positive test. Therefore, 
lipemic serum should be centrifuged in a 
Boerner filter apparatus with a Seitz filter 
disc for 10 minutes at 2,400 r.p.m. at 1° C., 
repeating the process if the filtrate remains 
cloudy. Moderate to grossly hemolyzed 
samples also resulted in false positive tests. 

If the electrophoretic method or Shumm’s 
reaction is used, blood must be free from 
hemolysis to avoid erroneous results." * 


Summary 


Employing 90 dogs and 73 patients an 
experimental and clinical study was per- 
formed to critically evaluate methemalbu- 
minemia in acute pancreatitis and other 
lesions producing an "acute abdomen" and 
requiring prompt operation. 
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In 20 dogs in which acute hemorrhagic 
pancreatitis was produced and in five pa- 
tients in whom acute hemorrhagic pancre- 
atitis was resent, methemalbumin levels 
were constantly elevated for as long as 6 
days after the onset of symptoms. 

In the remaining 70 dogs and 60 pa- 
tients with hyperamylasemia and surgically 
created emergencies, no elevated methem- 
albumin levels were detected. 

In patients with hemorrhagic pancre- 
atitis, methemalbumin levels remained ele- 
vated at a time when serum amylase levels 
had returned to normal, thereby, providing 
a good index for the diagnosis of the 
disease. 

Our studies indicate that in both man 
and the experimental animal an elevated 
methemalbumin level is a reliable test for 
differentiating acute hemorrhagic panere- 
atitis from cther lesions necessitating ur- 
gent operative intervention. 
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SERUM lysosomal enzymes have been 
shown to increase in experimental hemor- 
rhagic shock.!? 14 15, 21 Concomitantly, there 
is an observed increase in autophagic 
lysosomal vacuolization with the appear- 
ance of residual bodies in liver hepatocytes 
and intestinal mucosal cells?" and these 
cells are thought to be the major source of 
these hydrolytic enzymes. By entry into the 
general circulation via lymphatics system," 
it has been postulated that other organs are 
subject to the actions of these enzymes and 
lesions characterized by hemorrhagic nec- 
rosis produced.?? 

In order to define the quantitative con- 
tribution of the intestine and liver to the 
total lysosomal enzyme rise observed in the 
serum during shock, the levels of the 
enzyme, acid phosphatase, were determined 
in the serum and lymph of intact and en- 
terectomized dogs. The degree of anaerobic 
metabolism was monitored to document 
the severity of shock to correlate its influ- 
ence on enzyme release. 


Methods and Materials 


Healthy splenectomized mongrel dogs 
weighing between 15 and 25 Kg. were 
fasted for 12 hours prior to study and 
anesthetized with pentobarbital sodium 
(25 mg./Kg.). Each animal was ventilated 
through a cuffed endotracheal tube by 
means of a Harvard pump respirator at a 
constant volume and rate to achieve a Pos 
above 80 mm. Hg and a Pcos above 35 
mm. Hg. #16 polyethylene catheters were 
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inserted into a femoral artery, the portal 
vein, and the superior vena cava and con- 
nected to pressure transducers for con- 
tinuous pressure recording on a multi- 
channeled Sanborn polygraph. The animals 
were then anticoagulated with 250 units/ 
Kg. of aqueous heparin administered intra- 
venously. 

After a suitable control period, mean 
arterial pressure was reduced to 40 mm. Hg 
by bleeding the animal via the arterial 
catheter into acid-citrate-dextrose vacuum 
bottles at a rate of 50 cc./min. Blood pres- 
sure was maintained at this level for 4 hours 
after which all shed blood, buffered with 
sodium bicarbonate to a pH of 7.3-7.4 and 
warmed to 37°, was returned to the animal 
over a 15-minute period. Five ml. of 10% 
calcium gluconate was given intravenously 
with each unit of blood. At the conclusion 
of the acute experiment, anticoagulation 
was reversed with protamine sulfate and 
any existing acidosis corrected with intra- 
venous sodium bicarbonate. 

Four groups of dogs were studied. 

Group 1. (Control Shock). Six dogs 
were exposed to 4 hours of standard shock. 
Arterial blood samples were taken during the 
control period, at hourly intervals during 
shock, and at 30 minutes and 1 hour fol- 
lowing retransfusion. Acid phosphatase, 
hemoglobin, lactate, pyruvate, pH, and Pos 
were determined. 

Group 2. (Shock with Lymph Fistula). 
In six dogs, the cervical thoracic duct was 
cannulated prior to shock. Lymph was col- 
lected by gravity drainage into graduated 
tubes and flow expressed as ml./Kg./15 
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TABLE 1. Metabolic Alterations 


Acid Lactate 
Time Phos. (mg./ 
(min.) (Mu.) 100 mi. 


Group I, C 2.53 12.36 
shock 30 — — 
60 4.98 16.06 
90 — — 
120 7.87 23.69 
150 -— — 
180 13.63 26.24 
210 — — 
240 19.19 31.10 
30* 20.64 39.36 
60 30.41 32.50 
Group II C 2.42 10.63 
shock with 30 — — 
lymph 60 4.84 15.75 
fistula 90 —- — 
120 4.55 19.50 
150 — — 
180 7.27 24.09 
210 — — 
240 8.69 35.33 
30* 15.66 44.02 
60 14.34 46.29 
Group III, C 2.32 10.58 
shock with 30 2.02 11.28 
enterectomy 60 3.43 14.10 
90 — — 
120 4,85 21.15 
150 — — 
180 4.95 26.44 
210 — — 
240 6.44 33.61 
30* 8.08 37.01 
60 1.22 $9.29 
Group IV C 2.12 11.91 
shock with 30 2.02 13.16 
enterectomy 60 2.69 16.10 
and lymph 90 — — 
fistula 120 3.13 19.04 
150 — — 
180 3.43 24.60 
210 — — 
240 4.85 28.00 
30* 6.18 29.38 
60 5.90 34.08 


Lymph 
Lymph Acid 
Pyruvate Flow Phosphatase 
(mg./ (cc./Kg./ Content 
100 ml. pH Po» 15 min.) (Mu.) 
1.08 7.51 84 — — 
1.17 7.34 9j ss = 
1.41 1.23 115 = ome 
1.55 7,18 105 — = 
1.74 7.02 105 = Ee 
1.95 7.29 102 = = 
191 7 38 113 — — 
1.38 7.46 119 0.63 11.4 
— — 0.37 11.3 
1.26 7.35 117 0.35 9.4 
— — — 0.41 14.8 
1.81 1.26 107 0.32 21.2 
— — — 0.29 30.8 
1.88 7.08 105 0.33 39.9 
— — — 0.34 53.2 
2.24 6.38 101 0.41 90.9 
2.34 1-21 109 1.37 237.0 
2.11 7.30 122 0.96 150.0 
1.17 7.49 89 — 
1.29 7.45 92 = = 
1.34 1.38 91 2 -— 
1.61 1.26 94 E 5 
1.98 7.14 97 m m 
2.06 7.00 95 = a 
2.21 7.21 108 cm sees 
2.32 7.24 111 — us 
1.30 7.41 115 0.73 11.4 
1.28 7.40 108 0.23 3.3 
1.46 7.35 95 0.15 4.6 
— — — 0.10 3.3 
1.66 7.29 95 0.10 3.2 
— — — 0.12 5.2 
1.89 7.22 92 0.11 is 
— — — 0.14 9.2 
1.94 7.02 89 0.14 8.7 
2.12 7.24 113 0.72 22.4 
2.18 7.20 117 0.46 17.4 





* After infusion of blood. 


min. Lymp acid phosphatase was deter- 
mined at 30-minute intervals and multiplied 
by the volume collected during the interval 
to yield total content per unit time. Blood 


studies were simultaneously carried out as 
in the Group 1 dogs. 

Group 3. (Shock after EG): 
In three dogs, the intestine was removed 
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from the second portion of the duodenum 
to the distal rectum prior to shock. Studies 
were then carried out as in the Group 1 
dogs. 

Group 4. (Shock after Enterectomy 
with Lymph Fistula). Three dogs were 
enterectomized and in addition, a cervical 
thoracic duct lymph fistula created. Studies 
were then carried out in the Group 1 dogs. 

The acid phosphatase of lymph and 
plasma was assayed according to the colori- 
metric method of C. F. Boehringer and Sons. 
Aliquots (0.2 ml.) were incubated with 
0.0055M_ p-nitrophenylphosphate in 0.05M 
citrate buffer (pH 4.8) at 37° C. for 30 
minutes. The blood values were corrected 
for hemoglobin content according to the 
rationale and protocol of Sutherland et al.?° 
and expressed in milliunits/ml., one milli- 
unit corresponding to 0.06 millimole units 
according to Bessey-Lowry. The lymph 
values were expressed as total content in 
milliunits per 30 minutes. 

Determinations of pH and partial pres- 
sure of oxygen were made using an IL 
blood gas analyzer (Model 113). Serum 
lactate and pyruvate determinations were 
performed by ultraviolet methods using 
commercially available kits (C. F. Boehr- 
inger and Sons) with results recorded as 
mg./100 ml. of whole blood. 


Results 


Group 1. Control Shock (Table 1). One 
hour following retransfusion of the shed 
blood, the mean arterial pressure had 
returned to within 5 per cent of the pre- 
shock level. There was a 50-60% reduction 
in the central venous pressure during shock, 
while retransfusion resulted in a three-to- 
four-fold rise. During shock, there was a 
30% increase in portal pressure and follow- 
ing reinfusion of blood the pressure further 
increased to 100% above the control value. 
During the shock period there was a pro- 
gressive rise in the mean serum acid phos- 
phatase concentration to 19.19 Mu./ml. or 
760% above the preshock level of 2.53 Mu./ 


30 A GROUP I-SHOCK 
O GROUP I~ SHOCK c LYMPH FISTULA 
25 -] A GROUP III-SHOCK c ENTERECTOMY 
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9 GROUP IV- SHOCK c ENTERECTOMY & LYMPH FISTULA 





C 30 60 90 120 150 180 210 240 270 300 
MINUTES 


Fic. 1. Serum Acid Phosphatase: In control 
animals (Group I) serum acid phosphatase rose 
322% during the first 2 hours of shock, 760% 
during the second 2 hours and increased to 1,200% 
following retransfusion. With lymph fistula ( Grou 
II) the rise at 4 hours was 359% and 646% fol- 
lowing retransfusion. Enterectomy (Group IE) 

er reduced the maximum rise to 316%. 
Enterectomy with lymph fistula was associated 
with maximum rise of only 292% (Group IV). 


ml. Following retransfusion of the shed 
blood, the acid phosphatase concentration 
further increased and attained a mean 
value after one hour of 30.41 Mu./ml. of 
1,200% above the control value (Fig. 1). 

Serum lactate concentration nearly 
tripled during the shock period with only a 
slight further increase after return of the 
shed blood. Serum pyruvate concentration, 
which almost doubled during the shock 
period, also did not appreciably change 
after retransfusion. 

Blood pH decreased progressively during 
the 4-hour shock period and then returned 
nearly to normal after retransfusion. Arterial 
Pog was maintained above 80 mm. Hg 
throughout the acute experiment. 

Group 2. Shock with Lymph Fistula 
(Table 1). The presence of a lymph fistula 
had no appreciable effect on central venous 
pressure or portal pressure the changes in 
which were similar to that seen in the 
Group 1 dogs. However, the recovery in 
mean arterial pressure after return of the 
shed blood was only to within 25% of the 
control pressure or significantly less than 
in the dogs without a lymph fistula. The 
average serum acid phosphatase concentra- 
tion in these dogs increased during the 
shock period to 8.69 Mu./ml. at four hours 


bo 
bho 


1.5 7 & GROUP IV -SHOCK ZENTERECTOMY & LYMPH FISTULA S 


S 12 O GROUP II-SHOCKE LYMPH. FISTULA 

S S shock 

Q 0.9 * retransfusion Oo 
o ; e 

X 0.6 ~~ : p 
& 034 0—07 o OO 


e... 





C 30 60 90 120 150 180 210 240 270 300 
MINUTES 


Fic. 2. Lymph Flow: With the onset of shock, 
lymph flow dropped to 53% of control values, 
was maintained throughout shock and 100% 
above control after retransfusion. Enterectomy re- 
duced lymph flow 69% and with shock the flow 
poem, although reduced, was similar to Group 


or 360% above the preshock value of 2.42 
Mu./ml. Following return of the shed blood 
there was a further increase in the serum 
acid phosphatase to a mean of 14.34 Mu./ 
ml. after one hour or 60096 above the 
control value (Fig. 1). 

The changes in serum lactate, pyruvate, 
pH, and Po, paralleled those in Group 1 
dogs. 

Preshock lymph flow averaged 0.63 ml./ 
Kg./15 min. With the onset of shock, there 
was a 50% decrease in lymph flow and this 
reduced rate was maintained throughout 
the shock interval (Fig. 2). At the same 
time the mean lymph acid phosphatase 
content progressively increased so that after 
four hours of shock it was 90.9 Mu. or 
800% above the control value (Fig. 3). 
Following retransfusion of blood, lymph 
flow increased to 1.37 ml./Kg./15 min or 
about twice the preshock rate while lymph 
acid phosphates content increased to 237 
Mu. a twenty-fold increment above the 
control concentration. 

Group 3. Shock with Enterectomy (Ta- 
ble 1). Enterectomy had no additional ef- 
fect on the changes in mean arterial pres- 
sure, central venous pressure, or portal 
pressure which were similar to those seen 
in the Group 1 dogs during shock and fol- 
lowing return of the shed blood. The 
average serum acid phosphatase in this 
group increased during the shock period 
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from a cont-ol value of 2.32 Mu. to one of 
6.44 Mu. at four hours, a rise of 277% 
(Fig. 1). Retransfusion of the shed blood 
resulted in a slight further increase in acid 
phosphatase content which ‘was 7.32 Mu. 
at one hour or 315% of the control content. 
Serum lzctate, pyruvate, pH and Pos 
paralleled the changes seen in the Group 
1 dogs. 

Group 4. Shock with Enterectomy and 
Lymph Fistula (Table 1). Mean arterial 
pressure and central venous pressure be- 
have as in the Group 2 dogs, that is, the 
dogs with a lymph fistula and an intact 
intestinal tract. In this group the average 
serum acid. phosphatase concentration after 
4 hours of shock rose from a control value 
of 2.12 Mu./ml. to 4.85 Mu./ml, an in- 
crease of 230% (Fig. 1). Retransfusion of 
the shed blood produced an additional in- 
crease to 5.9 Mu./ml. after one hour or to 
280% of the control level. 

The changes in serum lactate, pyruvate, 
pH, and Po; paralleled those in Group 1 
dogs. 

Enterectomy reduced the average lymph 
How from 0.73 ml./Kg./15 min. to 0.23 
ml./Kg./15 min. (Fig. 2) and the average 
lymph acid phosphatase content from 11.4 
Mu. to 3.3 Mu. (Fig. 3). During shock, 
lymph flow decreased to approximately 
0096 of the preshock flow while acid phos- 
phatase content increased to 8.7 Mu. after 
four hours or 264% above the control 
value. Retransfusion of blood resulted in an 
increase in lymph flow to between two and 
three times the preshock rate and an in- 
crease in acid phosphatase content to 17.4 
Mu. at one hour or 53096 of the preshock 
content. 


Discussion 


Although lysosomes are found in all cell 
types, the intestinal mucosa has the greatest 
concentration of these organelles.!? +1 21 
The enzymes in the lysosome are contained 
by a lipoprotein membrane which is sus- 
ceptible to acidosis and anoxia,” 1% 16, 17, 28 


Ann, Surg. den 1972 SOURCE OF ACID PHOSPHATASE IN HEMORRHAGIC SHOCK 23 
Q. 


r 
Vol. 175 > 


both major features of hemorrhagic shock. 
Since reduced oxygen consumption is 
initially most prominent in the splanchnic 
circulation with shock, speculation has 
been raised for a causal relationship be- 
tween the early severe changes noted in 
this organ and the primary release of 
mucosal lysosomal enzymes.?* The effects of 
these enzymes, in turn, following release 
into the intestinal lymphatic drainage, may 
theoretically be propagated to other sites 
and be responsible for irreversibility. 

Experimentally, when the intestine is 
protected from tryptic digestion during a 
standard shock preparation, by feeding an 
elemental diet, ligation of the pancreatic 
ducts? administering of a trypsin inhibi- 
tor,” sterilization of the gut by antibiotics? 
or splanchnic denervation,'? severe hemor- 
rhagic enteritis is not seen and most animals 
survive. However, focal vascular congestion 
and hemorrhagic necrosis in the kidney, 
hearts, lungs, and liver develop in survivors 
and are attributed to circulating lysosomal 
enzymes released from the intestines." 
Further support that these enzymes come 
from the gut is offered by Sutherland 
et al?? who demonstrated that sublethal 
clamping of the superior mesenteric artery 
leads to similar lesions in other target 
organs. Also, Bounous ef al9 perfused an 
isolated heart with lysosomal enzyme-rich 
perfusate and were able to produce similar 
lesions. 

Evidence that a major portion of the 
hydrolytic lysosomal enzymes released in 
shock reach the general circulation via the 
thoracic duct has been offered in the 
past.^ %12 21 The quantitative contribution 
of the intestine to the enzyme rise has not 
been determined. 

Previous studies have demonstrated a 
characteristic rise in serum and lymph acid 
phosphatase in both 244 hour and 4-hour 
shock animals. The slope of the rise is time- 
related and is a quantitative measure of 
the extent of cellular anoxia.’ 
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Fic. 3. Lymph Acid Phosphatase Content: 
During the shock period lymph acid phosphatase 
content rose steadily to 796% of control at 4 
hours and 2,019% following retransfusion. Enterec- 
tomy reduced control lymph acid phosphatase 
content 71% with shock, levels rose 264% above 
the new control baseline and with retransfusion 
increased to 697%. The maximal increase after 
enterectomy, however, represents less than ‘oth 
the total content in animals without enterectomy. 


During the first 60 minutes of shock 
serum acid phosphatase rose 62% and by 
two hours 160%. Lymph acid phosphatase 
remained unchanged, indicating a small 
but direct release of acid phosphatase into 
the blood. As shock continued pH fell and 
mucosal cell resistance was overcome, 
lymph acid phosphatase rose steeply to 
796% above control while serum acid phos- 
phatase only increased 359%. This indicates 
that although some enzymes enter the 
splanchnic circulation directly, the major 
route is indeed via the lymphatics. Retrans- 
fusion evoked an additional rapid use in 
serum acid phosphatase to 1,182% above 
control at 30 minutes, but with lymph di- 
version only a 655% rise occurred. This 
indicates that during this period the 
enzyme entered the general circulation 
equally through the thoracic duct and 
splanchnic circulation. 

The data indicated that the intestine not 
only supplies about 65~70% of the total 
volume of thoracic duct lymph, but also 
about 70% of the acid phosphatase nor- 
mally deposited by the lymph into the 
serum. This is based on the fact that al- 
though the pattern of rise of serum and 
lymph acid phosphatase is similar in all 
groups the total quantity is considerably 
less in the enterectomy animals. The in- 
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testine is apparently either more sensitive 
to the acidotic medium of shock or has a 
greater total volume of lysosomes. This ap- 
pears to be true because after approxi- 
mately 2 hours of shock, the lymph lysoso- 
mal enzyme content begins to rise and does 
so progressively thereafter. This could be 
interpreted to mean the intestinal mucosal 
cell is resistant to 2 hours of shock. 

. In the enterectomy animals thoracic duct 
lymph is almost entirely of hepatic origin. 
The rise in serum acid phosphatase does 
not begin until after 3 hours of shock have 
elapsed. With lymph diversion the rise is 
about 14 that of enterectomy alone indicat- 
ing the enzymes gain access to the cir- 
culation via the thoracic duct and hepatic 
circulation equally. 

We have shown in previous work? that as 
the pH falls, the acid phosphatase values 
rise in direct proportion. The intestinal 
venous effluent, however, is never more 
acidotic that the hepatic venous effluent, so 
that a greater degree of acidosis cannot be 
evoked to explain the apparent difference 
in lysosomal lability in the liver and in- 
testine. It most likely is a mass action 
phenomenon. 

"This work has again re-emphasized the 
value of the lymphatic system as a natural 
vehicle for restoring the plasma volume as 
well as plasma proteins, but with the ad- 
monition that, in order to do so, there must 
be pooling of a larger volume of intestinal 
fluid in the splanchnic capillary bed. This 
translocation of fluid was evident by direct 
observation of passive congestion of the 
bowel wall, a rise in portal vein pressure 
and by the marked rise in lymph flow fol- 
lowing retransfusion. The rise in lymph 
flow was seen in both the intact and 
enterectomy animals indicating fluid seq- 
ustration in both the intestine and liver. 

One further point to emphasize is that 
although there was 3-10 mg./100 ml. less 
lactate in the serum of the enterectomized 
animals at the termination of 4 hours of 
shock, this value represented no significant 
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difference from the  nonenterectomized 
animal. This serves to corroborate the find- 
ings of previous investigators that the bulk : 
of the serum lactate rise in shock comes 
from the large skeletal muscle mass.'? This 
is a reasonable assumption which could be 
made on the biochemical level because 
skeletal muscle cells cannot utilize lactate 
metabolically as can cardiac muscle and 
liver. 


Summary and Conclusions 


l. The present study was undertaken to 
determine the quantitative contributions of 
the intestine and liver to the observed rise 
in the lysosomal enzyme acid phosphatase 
during shock and to determine the route 
of access to the general circulation. 

2. Thoracic duct lymph flow, serum and 
lymph acid phosphatase content were com- 
pared in normal and enterectomized ani- 
mals subjected to 4 hours of hemorrhagic 
shock with the mean blood pressure main- 
tained at 40 mm. Hg. 

3. The results indicate that normally the 
intestine contributed 7096 of thoracic duct 
lymph and lymph acid phosphatase. During 
shock lymph flow decreases roughly 55%, 
while lymph acid phosphatase content rises 
796% after 4 hours of shock. Retransfusion 
results in a 54% rise in lymph flow above 
control and 2,019% increase in lymph acid 
phosphatase content. Enterectomy  pro- 
duced an immediate 69% fall in lymph 
flow and lymph acid phosphatase. With 
shock lymph dow paralleled non enterec- 
tomized values, however, maximal increase 
in acid phosphatase was less than one tenth 
the values seen in intact animals. 

4. Drainage of thoracic duct lymph re- 
duced serum APC greater than 55% during 
shock indicating that lysosomal enzymes 
reach the general circulation primarily via 
the lymph and secondarily via the splanch- 
nic circulation. 

5. The rise in lymph acid phosphatase 
content begins 2 hours after shock in the 
intact animals and 3 hours in the enterec- 
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tomized animals. This may reflect a differ- 
ential resistance to shock between intestinal 
mucosal cell and the hepatocyte. 

6. The plasma lactate levels were not 
significantly different in all animals indicat- 
ing that the intestine contributes little to 
lactate excess and supports the concept 
that it arises from the skeletal mass. 
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Pulmonary Effects of E. Coli Endotoxin: 
Role of Leukocytes and Platelets 
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THE characteristic response of the iso- 
lated in vitro perfused lung to endotoxin 
consists of an increase in vascular resistance 
and a gain in lung weight.?® There is some 
evidence that endotoxin may not act di- 
rectly on the pulmonary vasculature € but 
that its effect is mediated through cellular 
elements of the blood or their breakdown 
products, in particular the polymorpho- 
nuclear granulocytes and platelets? >» * 1 
Aggregation of leukocytes in the lung capil- 
laries and peripheral leukopenia in ana- 
phylactic shock were first described by 
Goldscheider and Jacobs in 1894.’ This re- 
action has since been observed by a number 
of investigators in other forms of hypo- 
tension including hemorrhagic and endo- 
toxic shock.15: 19, 20, 29 

In this study we have attempted to de- 
fine the role of leukocytes and platelets in 
relation to the pulmonary hemodynamic 
response to E. coli endotoxin and the 
morphological characteristics of the lungs. 
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Our studies were carried out on the iso- 
lated in vivo perfused lung lobe of the dog 
which permits measurements of lung weight 
changes and pulmonary vascular resistance 
in a closed-chest, spontaneously breathing 
animal." 


Methods 


Twenty-nine adult mongrel dogs, weigh- 
ing between 16 and 20 Kg. were anes- 
thetized with pentobarbital (30 mg./Kg.) 
and ventilated by a Harvard respirator. 
After opening of the chest, the circulation 
of the left lower lobe was isolated in a man- 
ner described elsewhere * and sustained by 
an extracorporeal circuit. The bronchial 
arteries were ligated and divided, the 


bronchus, however, remained intact. The 


thorax was then closed and the animal per- 
mitted to breathe room air spontaneously 
for the remainder of the experiment. 

The perfusion system consisted of an 
arterial reservoir from which blood flowed 
by gravity into the lobar branch of the 
pulmonary artery, a venous reservoir which 
collected blood draining from the pul. 
monary veins, and a Sigma motor pump 
which returned the blood at constant flow 
rate to the arterial reservoir. The arterial 
perfusion pressure and the venous outflow 
pressure were recorded via Statham trans- 
ducers on a Grass Polygraph recorder. 
Since the flow through the lobe was kept 
constant, the vascular resistance could be 
calculated. Except for the venous reservoir, 
the lobar perfusion system was filled to 


$; 
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capacity with blood. Thus, changes in 
blood content of the lung were reflected by 
reciprocal changes in the blood content of 
the venous reservoir. The priming volume 
of the extracorporeal circuit was 180 ml. 

Six groups of dogs were studied: 

Group 1 (five dogs). The lobar perfu- 
sion system was primed with heparinized 
autologous blood (1,000 U.S.P. units of 
heparin/100 ml. blood). The lobe was per- 
fused for 5 hours to determine changes in 
blood cell count and vascular resistance un- 
related to endotoxin. 

Group 2 (five dogs). 0.25 mg./Kg. of 
E. coli endotoxin (Difco) was added to the 
heparinized perfusate after a stable per- 
fusion had been established. 

Group 3 (nine dogs). These animals were 
subjected to the same procedure as group 
2. The perfusing blood was anticoagulated 
with acid, citrate, dextrose (ACD) “Solu- 
tion B" (Cutter) instead of heparin. This 
solution contains sodium citrate (1.32 Gm.) 
citric acid (0.44 Gm.) and dextrose (1.47 
Gm.) per 100 ml; 15 ml. of this solution 
were added to 100 ml. of blood. In four of 
the animals, the endotoxin administration 
was repeated after addition of 3 ml. cal- 
cium gluconate (1096 solution) and 1,000 
U.S.P. heparin to the perfusate. 

Group 4 (five dogs). Lobes were per- 
fused with heparinized blood which had 
passed three times through a leukocyte 
filter "Leukopak' (Fenwal) to extract 
leukocytes and platelets from the blood. 
The average leukocyte count after filtering 
of the blood was 500 (S.E. 200), the plate- 
let count 22,000 (S.E. 10,000). The same 
dose of endotoxin as in groups two and 
three was administered. 

Group 5 (five dogs). In this group the 
pulmonary vascular response to histamine 
(0.006 mg./Kg.), epinephrine (0.005 mg./ 
Kg.), and angiotensin II (2 gamma) 
(Schwarz Bio Research) was measured 
using ACD as the anticoagulant. 

Systemic blood pressure was recorded 
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continuously via a femoral catheter. The 
pH, Pcos, and Pos, leukocyte counts and 
hematocrits were determined at regular 
intervals. Platelet counts were performed 
by the method of Brecher and Conkite.! 
The beta-glucuronidase of the perfusate 
blood was determined by the method of 
Fishman® and the activity expressed as 
micrograms of phenolphthalein released 
per 100 ml. of serum per hour at 37° C. 

Leukocyte and platelet counts, hemato- 
crits, and beta-glucuronidase determina- 
tions were also performed on blood recir- 
culated in the extracorporeal circuit with- 
out passage through the lung. 

Light and electron microscopic speci- 
mens were obtained from dogs in groups 1 
through 4. Specimens obtained for light 
microscopic evaluation were fixed in Bouin’s 
and Carnoy’s fixatives and embedded in 
Paraplast. Sections were stained with hema- 
toxylin and eosin, periodic-acid Schiff with 
diastase controls, Van  Gieson elastica, 
Giemsa and fibrin stains. 

Zetterqvists fixative was utilized to fix 
the specimens for ultrastructural examina- 
tion. After dehydration, the tissue blocks 
were embedded in Epon 812 and Araldite. 
These sections were double stained with 
Reynold's lead citrate and uranyl acetate. 
The sections were examined with an RCA 
EMU-3F electron microscope and appropri- 
ate fields were photographed. 

An analysis of variance was carried out 
for statistical evaluation of the data. p 
values below 0.05 were considered signi- 
ficant. 


Results 


Group 1 (Controls). At flow rates be- 
tween 175-200 ml/min. the mean pul- 
monary vascular resistance in the control 
group was 0.050 mm. Hg/ml./min. (Fig. 1). 
This value remained constant throughout 
the 5-hour perfusion period and the lungs 
did not take up blood. The mean leukocyte 
count decreased from 5,500 (S.E. 600) to 
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Fic. 1. Control animals: Mean change in leuko- 
cytes, platelets, and pulmonary vascular resistance 
in five isolated lung lobes during a 5-hour perfu- 
sion period. Perfusate: heparinized blood. 


1,0100 (S.E. 300). per mm.* The platelets 
dropped from 300,000 + 30,060 to 20,000 
(S.E. 8,000) per mm.? This drop in leuko- 
cytes and platelets occurred gradually dur- 
ing the 5-hour perfusion time. Granulocytes 
and lymphocytes decreased comparably. 

Group 2 (Heparinized Blood Plus 
Endotoxin). 0.25 mg./Kg. endotoxin ad- 
ministered into the lobar artery caused a 
significant increase in pulmonary vascular 
resistance (p < 0.05) with a maximum of 
0.105 mm. Hg/ml./min. (110% of control) 
one half hour after administration (Fig. 2). 
Four hours after endotoxin, the resistance 
returned to a mean value of 0.058 mm. Hg/ 
ml./min. During this period, the lung took 
up 41 (S.E. 7) ml. of blood and developed 
marked edema. Within 3 minutes after 
administration of endotoxin, there was a 
precipitous drop in leukocyte and platelet 
counts which led to almost total depletion 
of these cells from the perfusate blood 
(Fig. 2). Differential leukocyte counts in 
several experiments revealed a greater de- 
crease in polymorphonuclear leukocytes 
than in lymphocytes. 

Group 3." (ACD «Anticoagulant and 
Endotoxin). Administration of endotoxin 
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did not result in a significant increase in the 
pulmonary vascular resistance and blood 
volume (p > 0.05) when citrate served as 
the anticoagulant (Fig. 3). However, the 
leukocyte and platelet counts again fell 
precipitously. There was no statistically 
significant difference in this decrease be- 
tween heparinized and ACD blood 
(p > 0.05). 

In four dogs of this group a second dose 
of 0.25 mg./Eg. endotoxin was given pre- 
ceded by addition of heparin and calcium 
gluconate. This was done in an attempt to 
convert the endotoxin-refractory perfusate 
(ACD blood) to a perfusate exhibiting re- 
sistance changes. In all four animals addi- 
tion of calcium gluconate restored the 
typical hemodynamie response to endo- 
toxin (Fig. 3). 

Group 4 (Leukopenic Blood and Endo- 
toxin). The baseline vascular resistance of 
the lobes perfused with leukopenic blood 
was almost twice as high as that observed 
in other groups (0.095 mm. Hg/ml./min.). 
Administration of endotoxin, however, 
caused an additional increase in resistance 
of about 50% (Fig. 4). Uptake of blood 
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Fic. 2. Changes in leukocytes, platelets, and 
pulmonary vascular resistance after injection of 
E. coli endotoxin (0.25 mg./Kg. dog weight) at 
time 0. Perfusate: heparinized blood. 
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averaged 53 (S.E. 9) ml. in 4 hours. 
(Grossly and microscopically these lungs 
sustained the most damage of all experi- 
ments.) Injection of endotoxin caused a 
very slight further decrease in the number 
of leukocytes and platelets. 

Group 5 (ACD Blood and Vasoactive 
Substances). 0.006 mg./Kg. histamine and 
0.005 mg./Kg. epinephrine injected into 
the perfusion system primed with ACD 
blood caused a threefold increase in vascu- 
lar resistance (three dogs). This response 
is similar to that seen with heparinized 
blood. There was 4096 increased vascular 
resistance after injection of 2 gamma of 
angiotensin II (two dogs). 

When 180 ml. of blood were recirculated 
in the pump system without passing 
through a lung the leukocytes decreased 
35% and the platelets 26% following addi- 
tion of 10 ml. of endotoxin. These changes 
were similar whether heparin or ACD was 
used as anticoagulant. 
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During the 5-hour perfusion period the 
hematocrit values decreased by 6% as a 
result of hemolysis regardless of differences 
in perfusate. The pH fell from a mean of 
7.5 to 6.9; Pog tension was generally higher 
and Pcos lower than normal, reflecting lack 
of O; extraction and CO» production. The 
plasma beta-glucuronidase activity was not 
significantly influenced by endotoxin in any 
of the groups (Table 1). 

Morphological studies were performed 
on Groups 1-4. By light microscopy peri- 
vascular hemorrhage in the pulmonary 
artery branches was a consistent finding. 
The findings were similar in the control 
group and the animals perfused with the 
ACD anticoagulant and endotoxin. Focal 
areas of pulmonary edema and atelectasis 
were seen. The microscopic abnormalities 
in Group 2 (Heparin-Endotoxin) and 
Group 4 (leukopenic perfusate and endo- 
toxin) were more severe. Diffuse pul- 
monary edema, areas of intra-alveolar hem- 
orrhage, rounding of the alveolar spaces 
and alveolar wall thickening were observed. 
However, accumulations of leukocytes were 
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TABLE 1. Effect of E. colt Endotoxin on Plasma Beta-Glucuronidase Level of Blood Perfused 
Through Isolated Lung Lobes or Recirculated in a Pumb System (1 Unit — 
1 Microgram of Phenolphtalein Released per 100 ml. Plasma 
per Hour at 37° C.) 


Initial 3 min after 5 hrs after 
Value Endotoxin Endotoxin 
Mean S.E. Mean S.E. Mean SE. 
Group 1. Control 228 43 — — 
Group 2. Heparinized perfusate 254 32 223 29 271 33 
Group 3. ACD perfusate 220 54 190 11 274 18 
Group 4. Filtered blood 258 40 252 42 255 34 
Pump-recirculated blood (heparin) 225 25 236 19 — 
Pump-recirculated blood (ACD) 198 23 205 27 — 


not apparent consistently in any of the 
groups. Giemsa stained preparations re- 
vealed an abundance of well granulated 
mast cells in all four groups examined. 

Ultrastructurally, Figure 5 is representa- 
tive of finding in control and ACD per- 
fused specimens (Groups 1 and 4). Plasma 
transudate in the alveolar spaces was seen 
occasionally. The alveolar type I epithelium 
was focaly edematous. The perivascular 
spaces were normal in width and contents. 
Within the capillaries, white cells were not 
seen to sequester or degranulate. Oc- 
casional membrane-bound vacuoles, con- 
taining plasma-like material were found in 
both groups. These structures resembled 
-hemolyzed red blood cells. 

Figure 6 is representative of lobes per- 
fused with heparinized blood or leukopenic 
blood (Group 2 and 3). The alveolar spaces 
were frequently filled with edema transu- 
date. Marked perivascular space edema 
was the striking lesion in these two groups 
(Fig. 6). The dilatation of the perivascular 
space often equalled the capillary lumen 
size. Endothelial damage was occasionally 
noted, particularly in Group 4. 


Discussion 


Well:? reported in 1924 that leukocyte 
sequestration in the lungs resulted in a 
marked pulmonary arteriovenous difference 
of leukocytes in the blood. However, the 
pathophysiologic significance of this ob- 
servation was not established. In recent 


studies in the primate, Coalson, Hinshaw, 
and Guenter? demonstrated marked se- 
questration of leukocytes in the lungs after 
Administration of endotoxin and docu- 
mented that this was not a transient pheno- 
menon as had been suggested by Rogers 
and Melly." They observed degranulation 
and disintegration of the leukocytes in the 
pulmonary capillaries within several hours 
of the administration of endotoxin. Since 
Swank '* demonstrated an increased resist- 
ance to blood flow in vitro resulting from 
aggregation of leukocytes and platelets, we 
entertained *he possibility that the early 
pulmonary hypertension observed after ad- 
ministration of endotoxin might be attribu- 
table to mechanical occlusion of pulmonary 
vessels by leukocytes. The present study 
demonstrated that the leukopenia associ- 
ated with lung perfusion after endotoxin 
coincided with an early increase in pul- 
monary vascular resistance. However, since 
the rise in pulmonary vascular resistance 
could be abolished by anticoagulation with 
ACD, without preventing the leukocyte 
sequestration, it appears unlikely that the 
pulmonary vascular effect is due to mech- 
anical obstruction. This is further supported 
by the fact that the lung preparation, when 
perfused with leukopenic and thrombocyto- 
penic blood, did respond with an increase - 
in vascular resistance after endotoxin. The 
mechanism whereby the vascular response 
to endotoxin was prevented in lungs anti- 
coagulated with ACD is not clear. Since 





Group 1. The alveolar spaces (A) show no edema transudate. 
The capillaries (C) contain several red blood cells. The endothelium appears normal. The 
perivascular space shows bundles of collagen and some elastic fibers. There is no evidence 
of perivascular space edema. Uranyl acetate and lead citrate. 6,900». 





Fic. 5. Control series 


Fa these lungs remain responsive to vasoactive ACD blood interferes with smooth muscle 
agents including histamine, epinephrine reactivity. The restoration of the vascular 


and angiotensin, it appears unlikely that response following administration of ion- 
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Group 2. Free plasma transudate and red blood cells 
are seen within the alveolar spaces (A). The alveolar type I epithelium is edematous. At 
several sites the type I epithelium is detached from the underlying basement membrane (x). 
The perivascular spaces are markedly dilated with separation of the collagen fibers. Within 


Fic. 6. Endotoxin-Heparin Group 


the capillaries (C), endothelial cytoplasmic membrane damage is noted (arrow). Uranyl 


acetate and lead citrate. 9,000». 


According to Wasi et al.* Metchnikoff 
first recognized that polymorphonuclear 
leukocytes cause tissue damage while ac- 


ized calcium suggests that the endotoxin 
effect may be a calcium dependent pheno- 


menon. 
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cumulating to combat infection. Leukocyte 
lysosomes contain proteolytic enzymes," 
particularly cathepsins,5 which cause an 
increase in capillary permeability ++ and 
thus lead to formation of tissue edema. 
Human leukocytes have been shown 
to release histamine and lysosomal en- 
zymes during phagocytosis* which could 
account for the rise in pulmonary vascular 
resistance. The release of histamine, on 
the other hand, can be inhibited by a de- 
pletion of divalent cations 1? and this might 
help to explain the prevention of the vascu- 
lar response seen with the ACD perfusate. 
Recently Mergenhagen et al)? have pre- 
sented evidence which implicates participa- 
tion of the complement system as one of the 
factors responsible for the divalent cation 


. dependence of the endotoxin reaction. 


The, possible role of leukocyte lysosomes 


. jn the production of increased pulmonary 


vascular resistance and perivascular edema 
cannot be substantiated or denied by this 
study, The evidence of severe tissue dam- 
age in the. lobes perfused with leukopenic 
blood would suggest that the leukocytes 
played no important role, however, the 
filtration process itself may have resulted 
in cell injury with potential.release of 
lysosomal enzymes into the filtrated blood. 
While levels of plasma beta-glucuronidase 
were not significantly changed in any of the 
groups studied, it could be questioned 
whether this measurement represents the 
optimal leukocyte lysosome marker. 

In spite of severe depletion of leukocytes 
from the perfusing blood following endo- 
toxin administration, only small numbers 
of these cells were apparent in the pul- 
monary capillaries. This finding is in con- 
trast to our earlier observations in the 
intact dog.? One reason could be the lesser 
number of circulating leukocytes available, 
because the perfusate volume was small, 
another might be fragmentation and dis- 
integration of the leukocytes followed by 
washout from the intravascular bed. Al- 
though there was a striking difference in 
the morphological evidence of pulmonary 
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damage between the control group and the 
animals given endotoxin, even the control 
group demonstrated some histological ab- 
normalities at the time of sampling. By ob- 
taining our lung specimens for histology 
after termination of the perfusion we may 
have overlooked early changes which could 
contribute to the understanding of the final 
lesion. 

While our studies seem to rule out oc- 
clusion of pulmonary capillaries by leuko- 
cytes and platelets as the mechanism re- 
sponsible for the “shock-lung”. syndrome, 
they emphasize the importance of bio- 
chemical factors in the development of this 
lesion. The rolé of leukocyte lysosomes, 
complement and other components of the 
blood protein system’ and their contribu- 
tion to the lung damage seen in endotoxin 
shock remain to be explored. - 


summary 


The role of leukocytes and platelets in 
the pulmonary response to endotoxin was 
explored in an isolated, in vivo perfused 
lung lebe of the spontaneously breathing 
dog. When heparinized blood was used to 
perfuse the lobe, addition of endotoxin was 
followed by an increase in pulmonary 
vascular resistance and blood volume, and 
a decrease in leukocytes and platelets. If 
the perfusing blood was anticoagulated 
with acid, citrate and dextrose (ACD), 
administration of endotoxin caused leuko- 
penia and thrombocytopenia, but pulmon- 
ary resistance and blood volume remained 
unchanged. Morphologically, the lobes in 
the ACD preparation had. strikingly less 
perivascular edema than those in the 
heparinized group. The vascular response 
to endotoxin could be restored by addition 
of Ca** and heparin to the ACD perfusate. 
Lung lobes perfused with blood rendered 
leukopenic by passage through a leuko- 
cyte filter exhibited a high vascular resist- 
ance which increased further in response. 
to endotoxin. These results suggest that the 
increase of pulmonary vascular resistance 
seen after injection of endotoxin is not due 
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to mechanical obstruction of the vascular 
bed. by leukocytes and platelets, but may be 
related to humoral factors requiring the 
availability of calcium. 


Acknowledgments 


The technical assistance of Mrs, Paula Downs 
and Mrs. Geraldine Imundo is gratefully acknowl- 
edged. 


References 


]. Brecher, G. and Cronkite, E. P.: Morphology 
and Enumeration of Human Blood Platelets. 
J. Appl. Physiol, 3:365, 1950 

2. Coalson, J. J., Hinshaw, L. B. and Guenter, C. 
A.: The Pulmonary Ultrastructure in Septic 
Shock. J. Exp. Mol. Pathol., 12:84, 1970. 

3. Cohn, Z. A. and Hirsch, J. G.: The Bolation 
and Properties of the Specific Cytoplasmic 
Granules of Rabbit Polymorphonuclear 
Leukocytes. J. Exp, Med., 112:983, 1960. 

4, Crowder, J. G., Martin, R. 'R. and White, A 


Release of Histamine and Lysosomal es l 


zymes by Human Leukocytes during Phago- 
-eytosis of Staphylococci. J. Lab. Clin. Med., 


74:436, i 69. 
5. Davis, R. B Meeker, W. R. and McQuarrie, 
D. G.: Immediate Effects of Intravenous 


Endotoxin on Serotonin Concentrations and 

Blood p E vete Res. 8:234, 1960. 

6. Fishman, W. In Methods of Enzymatic 

Analysis, ed. by H. U. Bergmeyer. New York, 
Academic Press, 1963, p. 869-874. 

. Goldscheider, A. and Jacob, P.: Ueber die 

Variationen. der Leukocytose. Z. Klin. Med. 


-J 


25:373, 1894. 
8. Hinshaw, L. B., Kuida, H., Gilbert, R. P. and 
Visscher, M. B.: Influence of Perfusate 


Characteristics on Pulmonary Vascular Re- 
sponse to Endotoxin. Amer. J. Physiol., 191: 


293, 1957. 
9. Hom, R. G. and Collins, R. D.:.Studies ón 
the. Pathogenesis of the Generalized 
Schwartzman Reaction. The Role of Granulo- 


cytes. Lab. Invest., 18:101, 1968. 


Ann. EE ee dar 


- No. 


10. Kuida, H., Hinshaw, L. B., Gilbert, R. P. and 
Visscher, M. B.: Effect of Gram-negative 
Endotoxin on Pulmonary Circulation. Amer. 
J. Physiol, 192:335, 1958. 

11. Kux, M. and Massion, W. H.: Effects of E 
coli Organisms on "Hemodynamics of the 
Dog Lung. Ann. Sarg (In press). 

12. Lichtenstein, L. M Osler, A. G. Com- 
parative Studies of “Histamine Release and 
Potassium Efflux from Human Leukocytes. 
Proc. Soc. Exp. Biol. Med., 121:808, 1966. 

13. Mergenhagen, S. E., Snyderman, R., Gewurz, 
H. and Shin, H. S.: Significance of Comple- 
ment to the Mechanism of Action of Endo- 
toxin. Current Topics Microbiol. Immun., 
50:37, 1969. 

14. Movat, H. Z., ww: T., Macmorine, D. L. 
and Burke, s > A Permeability Factor Re- 
leased from Leukocytes after Phagocytosis 
of Immune Complexes and Its Possible Role 
n i us Arthus Reaction. Life Sci, 3:1025, 

15. Rogers, D. E. and Melly, M. A.: Studies on 
Bacteriemia. II Further Observations of the 
Granulocytopenia Induced by the Intra- 
venous Injection of Staphylococci. J. Exp. 
Med., 105:99 1957. 


16. Stein, M. and Thomas, D. P.: Role of Platelets .- 
in the Acute Pulmonar Y Responses to Endo- 


toxin. J. Appl. Physiol, 23:47, 1967. 

17. Swank, R. L. Alteration of Blood on Storage: 
desde of Adhesiveness of 
Platelets and Leukocytes and their Removal 
M. a New Engl. J. Med., 265:728, 


18. Wasi, S., Murray, R. K., MacMorine, D. R. L. 
and Movat, H. Z.: The Role of PMN-Leuko- 
cyte Lysosomes in Tissue Injury, 
tion and Hypersensitivity. II. Studies on the 
Proteolytic Activity of PMN-Leukocyte 
Lysosomes of the Rabbit. Brit. J. Exp. 
Pathol., 47:411, 1966. 

19. Webb, R. A.: The Mechanism of Anaphylactic 
Leukopenia in Dogs. J. Pathol. Bacteriol, 

27:79, 1924. 

20. Wilson, J. W., Ratcliff, N. B. and Hackel, D 
B.: The Lung in Bonouhide Shock. I. y^ 
vivo Observation of Pulmonary Microcir- 
uod in Cats. Amer. J. Pathol., “58: 337, 


“aging” | 


amma- — 


Renal Vein Thrombosis in Canine Kidney Transplants 
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From the Departments of Surgery and. Radiology, University of Wisconsin 
Medical Center, Madison, Wisconsin 


THe normal kidney has a potentially ex- 
tensive venous collateral bed all of which is 


disrupted by renal transplantation. There- 


fore, the response of the transplanted kid- 
ney to renal vein obstruction might be 


. quite different from that of the in situ kid- 
. ney. Occasionally at the time of sacrifice of 


renal autografts we have found incidentally, 


c 'an infrequent case of renal vein thrombosis. 


-— 


In these dogs, the renal function was en- 


. tirely normal and there was nothing to 
suggest. clinically that thrombosis had oc- 
 curred. Because these findings were con- 


trary to the general impression of the con- 


sequences of renal vein obstruction in the 


transplanted kidney, we undertook a study 
to determine the response of the auto- 
grafted canine kidney to acute 80-90% 
renal vein obstruction. - 


Material and Methods 


Twelve dogs had bilateral nephrectomies 


with autotransplantation of one kidney to 


the iliac fossa with reimplantation of the 
ureter into the bladder. After recovery from 
the surgical procedure, creatinine clearance 
and angiographic studies were performed 
to obtain baselines. Át various times after 


these studies 80-90% renal vein occlusion 


Submitted for publication January 17, 1971. 

Supported by U.S.P.H.S. Training Grant HE 
5738, Surgical and Radiology Associates, Uni- 
versity of Wisconsin Medical Center. 


= Reprint requests: Dr. Ahmad A. Daouk, De- 


partment of Surgery, University Hospitals, Madi- 
son, Wisconsin. 


was mechanically accomplished by ligating 


" the renal vein over a one millimeter probe. 
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Subsequently, clearance studies and angi- 
ography were repeated and comparisons 
were made between the preocclusion and 
the postocclusions observations. All dogs 
were studied for urine protein excretion. 


Results 


Group 1—Six animals 8-11 months post- 
transplantation were prepared as described. 
One dog died 8.days after occlusion from 
massive wound infection and has been ex- 
cluded. All the animals appeared to be 
clinically normal and recovered unevent- 
fully from operation. When studied on the 
5th postoperative day two dogs (1 & 2) 
had normal creatinine clearance studies 
and in another (3) the clearance was one- 
third the preocclusion value. It was elected 
to study the renal function of the other two 
dogs (4 & 5) serially from days 1 to 6. In 
one dog (4) the renal function dropped 
rapidly to very low levels and had not re- 
turned to normal when he was sacrificed 
on dav 6. The fifth dog in this group be- 
came unmanageable after his renal vein 
occlusion and no further studies were 
possible. He lived uneventfully until sacri- 
ficed 22 days after occlusion (Table 1). 

Angiography was performed on the 6th 
or 7th day after the occlusion. The trans- 
planted renal artery was selectively cathe- 
terized. Serial filming showed that the kid- 
neys were slightly enlarged and the pe- 
ripheral vessels of the cortex were not as 
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TABLE 1 

Date of Date of 

Dog Autograft Occlusion 
9/09/68 5/01/69 
2 7/24/68 5/01/69 
3 9/12/68 5 01/69 
4 9/12/68 7/17/69 
5 i /03/68 7/28/69 


well seen as on the preoperative angio- 
grams. These changes reflect parenchymal 
congestion. The main renal vein was 
markedly constricted or totally occluded 
and the venous drainage was via an ex- 
tensive collateral network. Numerous col- 
lateral veins arose from the capsule and in 
the region of the renal hilum. These veins 
communicated with veins in the pelvis 
which entered into the iliac system or 
superiorly with veins in the retroperitoneal 


Fic. 1-A. The 
venous phase of se- 
lective renal angio- 
gram shows the 
patent anastomosis 
of the renal and 
iliac veins. The 
ureter is opacified 
but no other veins 
are. 
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Group I 





Exogenous 

Creatinine 

Clearance 
Pre-occlusion 


Exogenous Creatinine 
Clearance 
Post-occlusion 


81.2 Day 5—80 


5 
86 Day 5—79.3 
66 Day 6—21 
113 Day 1—no urine 
Day 4—5.4 
Day 5—6.1 


Day 6—29 

Lived until 
sacrifice at 
22 days 


~l 
r 
A 


space and then connected directly with the 
vena cava (Fig. 1, A & B). In one animal, 
additional collaterals which communicated 
with veins of the anterior and lateral ab- 
dominal wall were demonstrated (Pig. 25. 
The one animal who was not studied angio- 
graphically postoperatively had similar 
collaterals noted at the time of necropsy 
(Fig, 37. 

Analysis for urine protein were per- 
formed coincidentally with the creatinine 
clearance studies and showed all dogs to 
have less than 300 mg./100 ml. At the time 
of angiography all dogs were noted to 
excrete the contrast well with good opaci- 
fication of the collecting systems, ureter, 
and bladder. 

Group II—It was evident from the re- 
sults of Group I that early and more fre- 
quent studies of renal function would be 
necessary to document the immediate re- 
sponse of the kidney to renal vein obstruc- 
tion. Therefore, an additional three animals 
(6, 7, 8) had venous obstruction produced 
in a similar manner 4, 6, and 8 weeks post- 
transplantation. Function studies were per- 
formed on days 1, 2, 3, and 4 postocclusion 
and at various intervals until the clearance 
remained stable or returned to normal. 
Angiograms were routinely performed on 
day 4. The creatinine clearance after ob- 
struction dropped markedly and gradually 
rose to normal (Table 2). This improve- 


e @ 
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Fic. 1-B. The 


venous phase of a 


postligation selec- 
tive renal angio- 
gram shows that 


the renal vein is 
obstructed. The 
venous drainage is 
through large col- 
laterals which arise 
from the capsule 
and communicate 
with the inferior 
vena cava as well 
as collaterals aris- 
ing in the region of 
the hilum and com- 
municating with 
the veins in the 
pelvis. 


creatinine clearance coincided 
with the development of the collateral bed 
as seen on the angiograms. The appearance 
of the collateral bed was similar to that 
seen in Group I. One dog had a marked 
delay in return of function to preocclusion 
levels (Fig. 4). Angiography on day 4 
showed that the animal had poorly devel- 
oped collaterals which improved gradually 
until the 35th day when the serum creati- 
nine clearance level had returned to base- 
line. Angiography at this time showed a 
better developed collateral bed. 

Another group of three animals (9, 10, 
11) 3 weeks, 6 months, 615 months post- 
transplantation had partial venous occlusion 
similarly established. However, at the time 
the obstruction was induced the kidney was 
removed from its bed in the iliac fossa. All 
animals died within 48 hours. One animal 
died before any studies could be performed. 
The other two were catheterized prior to 
death and no urine was obtained. Post- 
mortem examination in the three animals 


ment in 
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showed severely congested kidneys with a 
significant amount of blood present in the 
abdominal cavity. 

Grossly, the kidneys appeared slightly 
enlarged with engorged venous collaterals 
coursing over the capsule of the kidney. 

Microscopic study of the kidneys showed 
a generally normal appearance. Focal re- 
gions of hypercellularity with increased 





fie. 


Fic. 2, The venous phase of selective renal 
angiogram in the lateral projection shows ob- 
struction of the renal vein. Numerous collateral 
veins arising from the capsule and in the region 
of the hilum are opacified as well as the inferior 
vena cava. Note their course along the anterior 
and lateral abdominal wall. 
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Dog 


10 


11 


* Kidney was dissected free from its bed. 


Date of 
Autograft 





12/01/69 


12/15/69 


01/21/70 


03/07/69 


03/16/69 


12/11/69 


DAOUK AND OTHERS 


TABLE 2—Group 11 








Endogenous 
Creatinine 
Date of Clearance 
Occlusion Pre-occlusion 
01/12/70 41.3 
02/09/70 61.3 
02/16/70 49 
09/18/69* 20 
09/18 /69* 27 
01/05 /70* 55.4 
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Fic. 3. Kidney auto- 
graft at necropsy showing 
extensive venous collat- 
erals over the capsule 
and in the region of the 
hilum. Note the large col- 
lateral vein (Arrows) 
which join the inferior 
vena cava. 





Endogenous Creatinine 
Clearance 
Post-occlusion 


Day 1—5.8 
Day 2—21.2 
Day 3—59.3 
Day 4—43 
Day 7—42 


Day 1—5.4 
Day 2—14.7 
Day 3—11.2 
Day 4—7.7 
Day 11—74 


Day 1—7.1 
Day 2—10.7 
Day 3—7.6 
Day 4—14.6 
Day 11—22 
Day 18—19.1 
Day 35—49.5 


Day 1—no urine, 
died 9/19/69 


Day 1—no urine, 
died 9/20/69 


Died 1/6/69, 
no urine 
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lobulation of the glomeruli were present. 
Hyperplasia of the epithelial cells of Bow- 
man's capsule and proliferation of the 
mesangium was observed in few areas. 
Some of the collecting tubules were dilated 
and these contained proteinaceous casts. 


Discussion 


The normal human and canine kidney 
has a potentially extensive venous collateral 
bed which can rapidly hypertrophy in re- 
sponse to venous occlusion.* >° Following 
7596 venous obstruction in the dog these 
collaterals can be demonstrated as early as 
the fifth and optimally by the twelfth post- 
occlusion day.? The response of the solitary 
renal autotransplant in the dog is remark- 
ably similar. Even though there is complete 
disruption of all potential collaterals at the 
time of transplantation, within one month 
the kidney can establish an extensive col- 
lateral venous bed in response to venous 
occlusion. This collateral drainage is suf- 
ficient to sustain viability and despite 
early marked derangement, function may 
return to normal within 5 days. The return 
to normal function parallels the hyper- 
trophy of the venous collaterals. Removal 
of the kidney from its bed at the time of 
occlusion disrupts the collaterals and hem- 
orrhagic infarction ensues. 

The balance between the rapidity of oc- 
clusion and the development of the col- 
lateral bed determines the functional de- 
rangement and clinical manifestations. If 
the occlusion is slow, the process may be 
occult and only discovered when angi- 
ography is performed or the kidney ex- 
amined at surgery or necropsy.* 

Previously renal vein thrombosis in a 
normal kidney was considered to be a 
catastrophic event requiring immediate 
thrombectomy.? Recent work has shown 
that this is not necessarily true and that in 
most instances the kidney will recover from 
the thrombosis as the collateral hyper- 
trophy. This experiment shows that in the 
dog the same is true of the autotransplanted 
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Fic. 4. The delay in return of renal function 
to baseline levels parallelled the slow develop- 
ment of a satisfactory venous collateral drainage. 


kidney after it has been in place for one 
month. The response of the in situ kidney 
of man and the dog are similar so there is 
reason to believe that the response of the 
transplanted human kidney would be 
similar. 

Whether the tissue incompatibility seen 
in human renal transplantation. will alter 
the process of inosculation is not known. 
We have been unable to determine from 
the literature the state of the collateral 
veins in the few reported cases of renal 
vein thrombosis in the transplanted kidney. 

We suggest that thrombectomy may not 
be necessary in all cases of renal vein 
thrombosis either in the in situ or trans- 
planted kidney and that the disruption of 
potential collaterals at the time of throm- 
bectomy may actually be disadvantageous. 
If one elects to perform a thrombectomy in 
a transplanted kidney, we recommend the 
transperitoneal approach in order that the 
kidney and the potential collaterals will be 
disturbed the least. 

The minimal amount of proteinuria and 
lack of edema in these dogs is further evi- 
dence that the nephrotic syndrome is 
usually not the consequence of renal vein 
thrombosis. 

The initial response of the kidney to 
renal vein thrombosis may mimic that of 
acute rejection. Angiography will allow one 
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to differentiate between the two conditions 
and to institute proper therapy. 


Conclusion 


The autotransplanted canine kidney is 
capable of developing an extensive col- 
lateral venous drainage secondary to renal 
vein obstruction. These collaterals, when 
fully developed, can support normal renal 
function. Disturbance of the kidney bed at 
the time of occlusion disrupts potential 
collaterals and leads to hemorrhagic infarc- 
tion and death. Venous thrombectomy 
might not be necessary in cases of late oc- 
curring renal vein obstruction in trans- 
planted kidneys. Angiography will help 
differentiate renal vein occlusion from an 
. acute rejection. 
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Attempted Renal Allograft Enhancement by 
Pooled Kidney Antigen Pretreatment 


FREDERICK O. STEPHENS, M.D., Kenr C. Cocurum, D.V.M., 
Dav F. Scorr, M.B., M.S., Davin C. Price, M.D., 
FOLKERT O. BELZER, MD. 


From the Department of Surgery, University of California Medical Center, 
San Francisco, California 


ENCOURAGING reports of immunologic en- 
hancement of renal allografts have recently 
been published. Taguchi et al.™ used large 
doses of subcellular, donor specific antigen 
preparations beginning on the day of graft- 
ing to achieve prolonged survival of rat 
kidney allografts. Wilson et al.*? used donor 
specific antigen prepared by sonic disrup- 
tion of trypsinized spleen cells to produce 
effective prolongation of renal allograft 
survival in dogs. The beneficial effect was 
only observed in dogs which had also been 
given small doses of azathioprine and pred- 
nisolone after transplantation. The small 
doses of these drugs alone were ineffective 
in recipients not given prior antigen 
therapy. Owen? has reported successful 
function of hetero-grafted rabbit kidneys 
transplanted into guinea pigs. He pre- 
treated the recipients for 5 weeks with 
minute doses of a subcellular preparation 
of donor liver antigens extracted ultrasonic- 
ally and stored at sub-zero temperatures. 
He demonstrated greater prolongation of 
renal function when the antigens were also 
given after transplantation. The addition 
of small doses of azathioprine resulted in 
the longest survival of these transplants. 

In all such experimental models success 
has only been demonstrated when donor 
specific antigens have been used. There 
was a suggestion, however, from Wilson's +? 
experiments that there may be sporadic 
cases of favorable enhancement response 
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with the use of antigens which have not 
been derived from the donor animal. In 
this series, it was noted that two of eight 
dogs given non-specific antigen had unex- 
pected prolongation of renal allograft sur- 
vival, one of these dogs surviving 132 days. 
Wilson suggested that this was chance 
histocompatibility of the mongrel dog popu- 
lation; the recipient presumably being 
histocompatible with the donor dog kid- 
ney, the non-specific antigens playing no 
part. Another explanation is that there was 
a chance antigen similarity between the 
donor of the antigen and the subsequent 
donor of the kidney. The “non-specific” 
antigens given happened to include im- 
portant antigens which were common to 
the antigen donor and the subsequent kid- 
ney donor. The antigens may have thus 
been effective in promoting at least a 
partial enhancement reaction. 

In man, approximately 15 histocompati- 
ble antigens have been isolated and posi- 
tively identified, but Amos and Stickel' 
have suggested the existence of a total of 
about 65. Antigen individuality is thought 
to depend upon the presence of different 
combinations and relative proportions of 
these antigens. It also seems likely that 
different tissues from the same individual 
contain these same antigens in different 
proportions.‘ 

It might be possible to make a prepara- 
tion of antigens from a pooled selection of 
donors which would include all commonly 
occurring strong antigens. In such a pool, 
it would seem inevitable that some anti- 
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TABLE 1. Antibodies Detected in Recipient Dogs Against Donor Kidney Cell € Lymphocytes 
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gens would be present in greater propor- 
tion than others and it would be impos- 
sible to arrange the required antigens to 
match a donor organ in the same pro- 
portion. Some antigens in the pooled 
preparation would be superfluous. 

Such a universal pool of histocompati- 
bility antigens that might enhance renal 
allograft survival would be a tremendous 
advantage in human cadaveric renal trans- 
plantation, The recipient while waiting for 
a suitable donor could be given prolonged 
low dose antigen pretreatment to induce 
an optimum state of enhancement. 

To test this hypothesis the following ex- 
periments were carried out to determine 
whether daily intravenous injections of 
small doses of pooled dog kidney antigens 
would produce prolonged survival of renal 
allografts from donor dogs which did not 
themselves contribute to the antigen pool. 


Materials and Methods 


Four gram sections of kidney were taken 
under aseptic conditions from each of 46 
living, mongrel dogs (27 males, 19 fe- 
males). The specimens were immediately 
placed into 300 ml. of Tyrode's solution at 
4* C., minced, homogenized, ultrasonicated 
for 30 minutes and centrifuged. All these 
procedures were performed at low tem- 
peratures. The technics used were similar 
to those used by Owen.®: t° The supernatant 
was mixed with cold Tyrode’s solution to 
make a total volume of 400 ml. Two ml. 


aliquots were then stored in glass ampoules 
at —50" C. The experiments were then 
performed in 14 unrelated dogs of both 
sexes—cight recipients and six donors. All 
weighed 20-25 Kg. The eight recipient 
dogs were prepared by giving each an in- 
travenous injection of 0.1 ml. of the anti- 
£en preparation each day for 6 weeks. 

The antigen preparation was found to 
contain 24 mg. of protein per ml. so that 
cach dog was given 2.4 mg. total protein 
/day or approximately 0.05 mg. protein 
per day from each of the 46 donor dogs. 
The eight donor dogs were then studied 
to determine whether cytoxic anti-bodies 
had developed in the recipient (treated) 
dogs to donor dog lymphocytes using a 
radiochromium release technic described 
by Cochrum and Kountz.? 

At the time of transplantation kidney bi- 
opsies were taken from each donor dog. 
These kidney cells were tested against the 
recipients pretransplant serum to detect 
kidney cell cytotoxic antibodies by the 
above technic. 

After completing the 6 weeks’ course of 
antizen injections, six of the recipient dogs 
were given a kidney from a donor to which 
it had not developed measurable lympho- 
cytotoxic antibodies. The other two recipi- 
ent dogs (dogs No. 6 and No. 8) were 
given two kidneys at the same operation— 
one from a donor to which it had not de- 
veloped measurable lymphocytotoxic anti- 
bodies and one from a donor to which it 
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had developed these antibodies. One kid- 
ney from one of the original "recipient" 
dogs was grafted into each of the original 
“donor” dogs to serve as a “control” group. 
On every dog transplanted, bilateral ne- 
phrectomy was performed so that post- 
operative renal function indicated the 
homograft function alone. All dogs treated 
preoperatively with antigen continued to 
be given antigen injections postoperatively 
for as long as they survived. 

Recipient dogs. Nos. 1, 2 and 3 were 
given small doses of azathioprine (25 mg.) 
and methylprednisolone (8 mg.) daily for 
the same period as they were given anti- 
gen injections both preoperatively and 
postoperatively. Dogs Nos. 4, 5 and 6 were 
given the same dose of immunosuppressive 
agents postoperatively only. Dogs No. 7 
and 8 were given no immuno-suppressive 
agents. 

Following operation, blood urea nitrogen 
(BUN) and serum creatinine were mea- 
sured daily. 

The two dogs into which two kidneys 
were transplanted, were studied by radio- 
hippuran scan to compare renal function 
in the two kidneys. Following the intra- 
venous injection of 80 uCl**+ Hippuran in- 
travenously with each dog supine, serial 
two-minute scintiphotos were obtained 
with a Nuclear Chicago Pho-Gramima 111 
Auger scintillation camera up to 24 min- 
utes. One-minute counts were also recorded 
from each half of the divided crystal, one 
half visualizing both transplanted kidneys, 
and the other, the bladder. Such renogram 
studies were performed 6 hours after trans- 
plant, and at one to three dav intervals, 
thereafter, to rejection. 

When there was clear evidence of rejec- 
tion, the dogs were sacrificed and autopsy 
performed. Specimens of kidney were 
taken for histology. . 


Results 


Cytotoxic antibodies detected in recipi- 
ent dogs against donor lymphocytes and 
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TABLE 2. Survival of Antigen Trealed Dogs 


Antigen 
Treated 
Donor Recipient Length of Survival 
A 1 7 days 
B 2 9 days 
C 3 5 days 
F 4 7 days 
F 5 7 days 
D&E 6 5 days 
7 7 days 
C&E 8 7 days 


Table showing combinations used of untreated donor 
and antigen treated recipient dogs and subsequent 
length of survival. 

With the exception of dogs 6 and 8 in none of the 
recipients were lymphocytotoxic antibodies against 
donor detected. Dogs 6 and 8 were each given 2 kidneys 
one from a donor to which no lymphocytotoxic anti- 
bodies were detected and the other from a donor to 
which the recipient had lymphocytotoxic antibodies. 


kidney cells are summarized in Table 1. 
Dog No. 6, a female which showed evi- 
dence of a previous pregnancy, had lym- 
phocytotoxic antibodies against four of 
the six donors before antigen treatment 
was begun. The only other dog to develop 
strong lymphocytotoxic antibodies against 
more than one donor was Dog No. 8. All 
dogs developed detectable cytotoxic anti- 
bodies against all donor kidney cells. 

All transplanted kidneys were rapidly 
rejected. Table 2 shows the combinations 
of donor and recipient used and length of 
survival. With one exception, rejection was 
more rapid in the treated animals than in 


the “control” group. The difference in rate 


of rejection between the two groups is sta- 
tistically significant (p < 0.01). Autopsy 
revealec acute hemorrhagic rejection in all 
kidneys in the sacrificed dogs. 

In Table 3 is shown the combinations 
used and length of survival of the untreated 
dogs (the original “donors”) that were 
transplanted with a kidney from one of 
the antigen treated dogs (the original 
recipients" ). 

Radic-hippuran excretion studies in each 
of the dogs Nos. 6 and 8 showed evidence 
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TABLE 3. Survival of “Control” Allografts 








Recipient Dog Donor Dog Survival 





A 5 16 days 
B 2 9 days 
E 3 8 days 
D 6 11 days 
E 8 11 days 
I 4 7 days 


Kidneys were transplanted from the antigen pre- 
treated group into the six untreated dogs. These allo- 
grafted dogs were a *'control" group of untreated re- 
cipients to compare with the antigen preteated re- 
cipients (Table 2). Survival times were similar to our 
experience with other untreated renal allografts in 
dogs. 


of poor function in the kidney taken from 
the donor dog to which there were detecta- 
ble lymphocytotoxic antibodies at an ear- 
lier stage than in the kidney from the 
donor dog in which these antibodies had 
not been detected. 

The scintiphoto study on dog No. 6 
taken six hours after operation already 
showed decreased function in the kidney 
taken from dog No. D (left side) to which 
it had a moderate lymphocytotoxic anti- 
body titer compared to the kidney taken 
from dog No. E (right side) to which no 
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antibodies were detectable (Fig. 1). In 
the same dog, a corresponding study per- 
formed on the third postoperative day 
showed total loss of function on the left 
side, but continuing good function on the 
right side. 

On the other hand, the radiohippuran 
study performed immediately postopera- 
tively in dog No. 8 showed good function 
on both sides (Fig. 2). On day 2, function 
persisted bilaterally, but by day 5 there 
was little evidence of function in the kidney 
taken from dog No. C (right side) to which 
there was a detectable titer of lympho- 
cytotoxic antibodies. Two days later (day 
1? a renogram showed total loss of function 
bilaterally. 


Discussion 


In response to the presence of a foreign 
antigen two series of immunologic events 
are initiated, cellular immunity and hu- 
moral antibody production. The former is 
directed toward graft destruction but the 
latter may produce either enhancing or 
cytotoxic antibodies. Under certain cir- 
cumstances the cellular response and cyto- 
toxic antibody response is minimal, and 


Fic. 1. Renal scinti- 
photos indicating  dif- 
ferential function be- 
tween the kidneys trans- 
planted into right and 
left sides. On the right 
side (kidney from dog to 
which recipient had not 
produced detectable lym- 
phocytotoxic antibodies ) 
there was immediate 
good function 6 hours 
after transplant and func- 
tion was still present on 
the third post transplant 
day. On the left side 
(kidney from dog to 
which the recipient had 
produced lymphocyto- 
toxic antibodies) there 
was delayed function im- 
mediately after operation 
and no function detect- 
able on the 3rd day. 


Fic. 2. Renal scinto- 
photos indicating  dif- 
ferential between kidneys 
transplanted into the 2 
sides, right (low level 
lymphocytotoxic anti- 
bodies) and left (no de- 
tectable lymphocytotoxic 
antibodies). Function was 
better on the left side 
from day of operation. By 
the 5th day, right side 
function was poor with 
reasonable function still 
present on left side. By 
day 7 there was no de- 
tectable function on 
either side. 


the enhancing humoral antibody response 
is promoted. This type of reaction provides 
conditions of "enhancement" in which ac- 
ceptance of donor tissue is facilitated. 

In organ transplantation investigations, 
methods of reducing immune reactions and 
promoting enhancement are now being 
studied in several centers. Results reported 
to date have been mixed. Calne et al.? were 
unable to prolong renal allografts in dogs 
with prior injection of spleen cells using a 
technic which had been successful in pro- 
moting homografted skin survival. In 
Calne’s experiments the injections were 
given for relatively short periods before 
transplantation and the dose given ap- 
peared uncertain. Halas and Orloff * were 
also unsuccessful in prolonging organ trans- 
plants with antigen pretreatment. Linn, 
however, did have some limited success in 
prolonging survival of renal allografts using 
donor spleen cells. 

Although the mechanism of immunologic 
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enhancement is obscure, the work of Wil- 
son, Owen and others suggests that en- 
hancement may be achieved by minute 
intravenous injections of subcellular donor- 
specific antigens given over several weeks.” 
%12 Such a procedure would have no fore- 
seeable practical application in human 
cadaver transplant programs, but the pos- 
sibility of establishing a pool of antigens 
likely to contain all the important antigens 
present in subsequent donor renal tissues 
excited our imagination. If successful, it 
would then be possible to prepare patients 
in advance for subsequent transplantation 
of a kidney taken from almost any cadaver 
donor. 

As an ideal dose and pretreatment regi- 
men for specific antigen enhancement is 
not known, it is impossible to guess an ap- 
propriate regimen for pretreatment with a 
pool of antigens. 

The doses of antigen preparations used 
by the various groups who have effected 
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successful immunologic enhancement have 
varied enormously. It is suggested from 
Owen's studies? that a minute dose given 
intravenously each day for a period of sev- 
eral weeks can produce the desired result. 

In the present studv, we decided to use 
a pool of 40-50 donors in the hope that all 
common antigens would thus be included, 
although perhaps a much greater number 
would have been more certain of covering 
all possibilities. The doses of antigens used 
by Wilson and his colleagues in their suc- 
cessful experiments was approximately 40 
mg. of antigen protein to each dog in di- 
vided doses over a two-week period. In 
our experiments approximately 34 mg. of 
total pooled antigen protein was given over 
an equivalent 2-week period, or 100 mg. 
over the 6 weeks. From any one donor to 
the pool, the total antigen dose was ap- 
proximately one forty-sixth of this. 

The exact dose of antigen preparation 
used by Owen in his studies is uncertain, 
but would appear to be a much smaller 
total dose for equivalent sized animals than 
used by Wilson. Perhaps the dose used in 
our experiments was much too great, pos- 
sibly by a factor of 10 or 100 times. In- 
deed, it was great enough to stimulate ac- 
celerated rejection even though dogs were 
matched to avoid detectable Iymphocyto- 
toxic antibodies in donor-recipient com- 
binations. The dose was also great enough 
to produce detectable cytotoxic antibodies 
against kidney cells of all donor animals. 

The most suitable choice of donor tissue 
is another unknown. Owen used donor 
liver and Wilson used donor spleen. We 
chose donor kidney reasoning that the 
combination of strong and weak antigens 
in kidney tissue was more likely to produce 
the desired balance necessary to produce 
kidney enhancing antibodies than from an- 
other source. Again, as there is evidence 
that renal antigens are stronger than liver 
antigens, perhaps the dose used should be 
even smaller than an equivalent mass of 
antigens prepared from liver. 
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With the technic used in our studies, 
only cytotoxic antibodies were detectable. 
We postulated that rejection would be 
more rapid if in the recipient, antibodies 
were detectable against donor lymphocytes. 
This seems to have been confirmed by the 
renal scans. In fact, the time of survival 
would appear inversely proportioned to the 
level of detectable lymphocytotoxic anti- 
bodies present at the time of transplanta- 
tion. Neither the presence nor absence of 
enhancing antibodies could be determined 
with the technics available to us. A simple 
method of detecting and quantifying such 
enhancing antibodies would be a valuable 
asset in experiments of this type. 


summary and Conclusions 


There is evidence in the literature to 
suggest that it might be possible to pro- 
duce immunologic enhancement of renal 
allografts by low dose injections of non- 
specific pooled antigens. An attempt was 
made to produce “enhancement” in eight 
dogs by pretreatment with injections of 
antigen prepared from a pool of unrelated 
donors. With the regimen used, cytotoxic 
antibodies were detected in all antigen pre- 
treated dogs to donor kidney cells and in 
two dogs to donor lymphocytes. 

Renal radiohippuran scintiphoto studies 
confirmed that kidneys taken from dogs 
to which such lymphocytotoxic antibodies 
had developed were rejected more rapidly 
than kidneys taken from dogs to which no 
Iymphocytotoxic antibodies were detected, 
the rate of rejection appearing directly re- 
lated to the level of circulating cytotoxic 
antibodies. Nevertheless, all transplanted 
kidneys in antigen-treated were 
acutely rejected. 

Pretreatment with individual donor spe- 
cific antigens effects an immunologic re- 
sponse which according to conditions and 
regimen used may produce either acceler- 
ated rejection or enhancement. 

In this study pretreatment of dogs with 
“pooled” dog kidney antigens was success- 


dogs 
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ful in producing an immunologic response 
to unrelated donor dog kidneys but the 
response produced under the conditions of 
this experiment was one of accelerated re- 
jection rather than enhancement. 

This study has produced one positive 
and one negative result. On the positive 
side we have confirmed that the method of 
using pooled antigens did result in dogs 
producing an immunological response to 
unrelated dogs which had not contributed 
to the antigen pool. On the negative side 
the response produced by the regimen used 
in this experiment was one of accelerated 
rejection rather than enhancement. 

As a result of the negative aspect of this 


study we do not suggest that production 


of enhancement by pooled antigen pre- 
treatment is impossible; rather, that in this 
study we have not selected a satisfactory 
combination of antigen and treatment 
schedule. 
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THE recrudescence of cancer in the 
uterine cervix 5 or more years after radia- 
tion therapy is uncommon." The records of 
the Connecticut Cancer Registry revealed 
that only 135 (5.7%) of 2,348 patients 
previously treated for carcinoma of the 
uterine cervix solely by irradiation died 
more than 5 years after therapy with car- 
cinoma of the cervix.? Belonoschkin found 
carcinoma in the cervix, vagina or para- 
metria 5 to 17 years after irradiation of a 
primary carcinoma of the cervix in only 19 
of 4,396 patients (0.4% ).* Covington" has 
reported that approximately 296 of car- 
cinomas of the cervix re-occur more than 5 
years after irradiation of the primary lesion, 
that only 0.596 will appear more than 10 
years later, and found only 37 reported 
cases of recurrences occurring after 15 
years. 

Latour and Fraser reported that only five 
of 36 patients with late second cancers of 
the cervix survived their second malig- 
nancies by more than 2 years? Brunschwig 
has reported 22 cases of late second cancers 
of the uterine cervix treated by radical 
surgery.® 5 Nine of these patients survived 
at least 2 years without evidence of recur- 
rent carcinoma, and only five patients died 
with recurrent carcinoma of the cervix. 
Radical surgery, therefore, appears to be 
the treatment of choice for selected late 
postirradiation second cancers of the 
uterine cervix. 
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This report presents 18 additional cases 
of late recurrences of cervix cancer occurr- 
ing five to 20 years after irradiation of the 
primary lesion. All were treated by pelvic 
exenteration. 


Methods and Patient Population 


During the past 15 years, the Surgical 
Service of the National Cancer Institute 
has performed pelvic exenteration on 218 
patients with advanced primary or recur- 
rent pelvic cancer. Ninety-eight of 168 pa- 
tients with cervical cancer had histologic 
evidence of recurrent or persistent carci- 
noma of the cervix after earlier irradiation. 
Eighty patients developed recurrent carci- 
noma within 5 years after initial treatment. 

A retrospective analysis of all patients 
with recurrent carcinoma of the uterine 
cervix treated by pelvic exenteration dem- 
onstrated that in 17 patients, more than 5 
years had elapsed between initial irradia- 
tion to destroy the primary epidermoid 
carcinoma of the cervix, and local recur- 
rence of a lesion of similar histologic type. 
In the interim, no clinical or histologic 
evidence of persistent disease was noted. 
Fifteen of these patients developed recur- 
rent pelvic carcinoma 10 to 20 years after 
radiotherapy. One additional patient de- 
veloped a sarcoma of the uterine cervix 
14 years after irradiation of an epidermoid 
carcinoma of this organ. 

The meen age of these 18 patients at the 
time of irradiation of the primary lesion 
was 41 years (range 21 to 58 years). Mean 
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age at histologic confirmation of the second 
malignancy of the cervix was 53 years 
(range 31 to 65 years). The mean interval 
between treatment of the primary neoplasm 
and biopsy of the second malignancy was 
11.5 years (range 5 to 19 years). All pa- 
tients had histologic confirmation of epider- 
moid carcinoma in the vaginal apex or 
residual cervix. In one instance, as noted 
above, examination of the surgical speci- 
men after pelvic exenteration confirmed that 
the neoplasm was a sarcoma of the cervix 
rather than an epidermoid carcinoma. À 
description of the treatment to the initial 
lesion is presented in Table 1. 

With two exceptions, histologic evidence 
of recurrent malignancy in the uterine 
cervix or vagina was obtained within 9 
months of the development of symptoms 
suggestive of a gynecological disorder. In 
11 patients, however, a biopsy confirmed 
the presence of malignancy within 2 
months of the onset of symptoms. Most of 
these patients rapidly developed multiple 
complaints despite this brief interval be- 
tween the development of symptoms and 
biopsy of the recurrent neoplasm. A review 
of these symptoms is presented in Table 2. 
In nine patients, abdominal or pelvic pain 
was the dominant complaint. Hight pa- 
tients had an abnormal vaginal discharge 
and six patients had several lower urinary 
tract symptoms. Weakness and recent 
weight loss were present in eight of 17 pa- 
tients. Post-menopausal vaginal bleeding 
developed in 13 patients. In seven patients, 
a brisk vaginal hemorrhage was the initial 
symptom leading to medical evaluation and 
biopsy of the cervix. 

In contrast to the report of Latour and 
Frasér,? in which the second cervix malig- 
nancy had, characteristically, recurred only 
in the parametria or pelvic viscera, epider- 
moid carcinoma was demonstrated in the 
vagina or cervix in 15 of our patients. Other 
investigators have also noted a similar 
tendency for these late second cancers to 
recur in the vagina or in the cervix.? De- 


spite the brief intreval of time between 
development of recurrent symptoms and 
clinical evaluation, 15 patients presented 
with clinical evidence of direct invasion of 
the bladder, rectum, or both by carcinoma. 

Preoperative hematologic and biochemi- 
cal studies were normal except for eight 
patients who were anemic (hematocrit less 
than 34) preoperatively, and nine patients 
with inverted albumin/globulin ratios 
which, in retrospective analysis, appears to 
be an extremely poor prognostic sign.¥ 
Four of these nine patients died with re- 
current cancer after pelvic exenteration, 
and four died of postoperative complica- 
tions. 

All patients underwent sigmoidoscopy, 
barium enema x-ray, excretory urography 
(IVP), cystoscopy, pelvic examination 
under anesthesia, pulmonary roentgeno- 
graphy and metastatic survey. The IVP was 
normal in 13 of 18 cases. Four patients 
demonstrated unilateral hydronephrosis or 
absent function. Three of these patients 
died with recurrent carcinoma, but one 
survived 7 years. 

Total pelvic exenteration was performed 


in 17 patients. One patient also had a 


simultaneous unilateral radical groin dis- 
section, and another, a partial pubic bone 
resection. One anterior pelvic exenteration 
was performed. 


Results 


The cumulative actuarial survival and 
clinical status of these 18 patients is pre- 
sented in Figure 1. No patient was lost to 
followup. A 35% 5-year actuarial survival 
was obtained.® Six patients died prior to 
discharge from the hospital 7 to 108 days 
postoperatively. All were without evidence 
of carcinoma at autopsy. Two patients died 
on the seventh postoperative day of a pul- 
monary embolus and myocardial infarction, 
respectively. No other deaths occurred 
within 30 days of the operation. Two late 
postoperative deaths were attributable to 
septicemia, and two others, to peritonitis, 
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TABLE 1. Highteen Cases of Second Cancers of the Uterine Cervix Occurring More Than Five Years 
After Irradiation of a Primary Epidermoid Carcinoma of the Cervix 


50 
Age 
Sec- 
Age ond 
Patient Pri- Can- 
No. mary cer Treatment of Primary 


00-93-33 58 65 Radium, external irradiation 


01-53-69 21 31 Radium, external irradiation 


01-80-30 36 46 Intravaginal and external 


irradiation 


02-19-51 33 52 Radium, external irradiation 


02-85-36 46 61 Radium, external irradiation 


02-98-79 47 58 ‘Total hysterectomy, external 


irradiation (5000R) post- 
operatively 


03-20-17 52 64 Radium, external irradiation 


04-43-30 26 36 External irradiation 


04-70-64 51 64 Radium, external irradiation 


and irreversible renal failure. The total 
postoperative mortality is 33%. 

Local pelvic recurrence occurred in only 
two patients and both had simultaneous 
pulmonary metastases. One patient devel- 
oped pulmonary metastases alone, and 
another, a solitary kidney metastasis. The 
only other recurrence occurred in a patient 
who developed inguinal lymph node 
metastases and simultaneous roentgeno- 
graphic evidence of pulmonary metastases. 
Mean survival in this group was 16.6 
months. 

Since the preoperative clinical staging of 
recurrent carcinoma of the uterine cervix 


Second Cancer 
Clinical Findings 
Central tumor ereding bladder 


and rectum 


Central tumor ercding bladder 
and rectum 


Large central mass eroding 
bladder 


Large central mass eroding 
bladder 


Large centra] mass eroding 


bladder 


Large central mass eroding 
bladder 


Tumor extends from cervix 
into uterus and vagina 


Large central mass eroding 
bladder 


Tumor in upper 4 vagina and 
both parametria 


Status 


Dead—7 years. 
No cancer. 


Dead—7 months. 
Pulmonary metastases. 


Dead—44 months. 
Pulmonary metastases 
and inguinal lymph 
node metastases. 


Dead—6 years. 
No cancer. 


Dead—13 months. 
Pelvic recurrence and 
pulmonary metastases 


Dead—postoperative 
pulmonary embolus. 
No cancer at autopsy. 


Dead—8 months. Loca 
recurrence and pulmon 
ary metastases. 


Dead—postoperative 
peritonitis. No cancer 
at autopsy. 


Dead—postoperative 
septicemia. No ‘cancer 
at autopsy. 


after irradiation is often impossible due to 
extensive fibrosis, Meigs and Brunschwig 
proposed a clinico-pathologic staging system 
based on a careful pathologic examination 
of the surgical specimen.” These 18 cases 
are classified according to their criteria in 
Table 3. Pelvic lymph nodes replaced with 
metastatic epidermoid carcinoma. were 
found in only two surgical speciniens. Both 
of these patients died with pulmonary 
metastases. Two patients who survived 5 
years after pelvic exenteration for late re- 
currences of carcinoma of the uterine cervix 
had pathclogic evidence of invasion of the 
urinary bladder. 
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TABLE 1—Contintued 


Age 

Sec- 

Age ond 

Patient Pri- Can- 
No, mary cer Treatment of Primary 


05-15-09 45 56 Radium, external irradiation 


to cervical stump 


05-95-08 34 49 ‘Trachelectomy-intra-vaginal 
and external irradiation 


postoperatively 


06-28-09 32 46 Radium, external irradiation 


07-23-32 51 58 Radium, external irradiation 


07-29-98 32 44 


Radium, external irradiation 


08-21-55 46 57 


Radium, external irradiation 


08-30-59 45 65 Radium, external irradiation 


08-39-09 36 48 Radium, external irradiation 


08-50-76 43 54 


Radium, external irradiation 


Second Cancer 
Clinical Findings 


Tumor extends from cervix to 


upper 4 vagina 


Large central mass eroding 
bladder 


Large centzal mass eroding 
bladder 


Tumor in cervix with uni- 
lateral parametrial spread 


Tumor in upper 4 of vagina 
and cervix 


Tumor in upper 3 of vagina 
and cervix 


Tumor in upper $ of vagina 
and cervix 


Carcinoma in cervix extends to 


urethro-vaginal and recto- 
vaginal septa 


Carcinoma in upper $ of 


vagina and cervix involving 
both parametria and urethro- 


vaginal and recto-vaginal 
septa 


Status 


Dead—postoperative en- 
teric fistula-septicemia. 
No cancer at autopsy. 


Dead—5} years. No can- 
cer at autopsy. 


Sarcoma of cervix. Alive 
and well 6 yrs. 


Dead—postoperative 
renal failure. No cancer 
at autopsy. 


Dead—postoperative 
myocardial infarction. 
No cancer at autopsy. 


Alive and well—31 
months. 


Dead—13 months. Meta- 
static carcinoma 
present in kidney. 


Alive and well—26 
months. 


Alive and well—23 
months. 





The principle postoperative complica- 
tions are presented in Table 4. Approxi- 
mately 65% of these complications occurred 
in five patients, and all were in-hospital 
fatalities. Seven patients were free of signi- 
ficant postoperative morbidity and their 
mean duration of hospital convalescence 
was 30 days. In those patients discharged 
alive after experiencing significant post- 
operative complications, mean hospital con- 
valescence was 64.5 days. 


Discussion 


In this report, 17 cases of late postir- 
radiation recurrences of carcinoma of the 


uterine cervix are presented. In addition, 
one definite new primary lesion, a sarcoma 
of the cervix, was observed. It is of in- 
terest that 15 of these patients developed 
epidermoid carcinoma 10 or more years after 
radiotherapy to a similar lesion. All were 
asymptomatic during the interval and had 
undergone smears or biopsies of the cervix 
or vaginal apex which revealed no histo- 
logic evidence of neoplastic disease. 
Cheracteristically, these patients were in 
their late 30s when their original primary 
tumors were treated by radiotherapy and 
they developed a second neoplasm of the 
cervix during their early 50's. Typical 
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TABLE 2. Symptoms in Patients with Laie Second 
Cancers of Uterine Cervix After Earlier 


Irradiation 

Total 

Symptoms Cases 
Abdominal or pelvic pain 9 
Weakness, recent weight loss 8 
Brisk vaginal hemorrhage 7 
Abnormal vaginal discharge 8 
Urinary frequency and dysuria 6 
Post-menopausal vaginal bleeding 6 


symptomatology included intermittent lower 
abdominal pain, leukorrhea, dysuria and 
intermittent vaginal bleeding. Brisk spon- 
taneous vaginal hemorrhage occurred fre- 
quently (39%). Symptoms were present 
for a short duration despite the presence 
of large tumors and extensive pelvic organ 
compression or invasion. 

All patients were treated by pelvic ex- 
enteration after preoperative studies re- 
vealed no evidence of metastases, or ex- 
tension of the tumor beyond the confines of 
the pelvis, and that the lesion could not be 
removed with a lesser operative procedure. 
A 35% 5-year actuarial survival was ob- 
served. There were six in-hospital fatalities 
(33% ), all of whom were free of carcinoma 
at autopsy. Five patients developed metas- 
tases which were unresponsive to other 
therapeutic modalities. 

This 5-year survival of 35% for patients 
with late recurrences of carcinoma of the 
cervix treated by pelvic exenteration is 
similar to that observed in patients who 
develop recurrent carcinoma of the cervix 
within 5 years of initial therapy (28% ).!*: *4 
However, the true cure rate may have been 
obscured by the high percentage of in- 
hospital deaths. 

Much evidence exists to suggest that 
earlier radiotherapy may be important in 
the pathogenesis of second cancers of the 
uterine cervix arising more than 5 years 
after radiotherapy for cervical carcinoma. It 
is generally accepted that ionizing irradia- 
tion is etiologically related to the develop- 
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ment of carcinoma in other epithelial sur- 
faces such as the skin,” breast,” and thy- 
roid.?* 2° Sarcomas have also developed in 
previously irradiated tissues. * ® 5" One of 
our patients appears to be another example 
of a sarcoma which developed in the cervix 
many years after adequate irradiation for 
epidermoid carcinoma of this organ. 
Furthermore, the carcinogenic potential of 
therapeutic doses of irradiation has been 
established in laboratory animals." 1> 15 
Recently, morphologic studies have re- 
vealed tke presence of epithelial dysplasia 
in the cervix after radiotherapy similar 
histologically to that known to be pre-ma- 
lignant lesion in the untreated cervix. This 
process can be distinguished from the cellu- 
lar changes due to irradiation itself.2? Also, 
several recent cases of late second carci- 
nomas of the uterine cervix after radio- 
therapy have been reported in which histo- 
logic evidence of dysplasia progressing to 


80 
Epidermoid Carcinoma ~ I7 Patients 


Sarcoma — | Patient 


60 


40 


CUMULATIVE PERCENT SURVIVAL 


20 


o 8 1G 24 32 40 48 56 
MONTHS AFTER EXENTERATION 


Fic. 1. Cumulative per cent survival of 18 pa- 
tients with second cancers of the uterine cervix 
occu-ring more than 5 years after successful ir- 
radiation of a primary epidermoid carcinoma. All 
patients were treated by pelvic exenteration. 
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TABLE 3. Surgical Pathologic Staging According io 
Criteria of Meigs and Brunschwig 


Total 
Pathologic Description Cases 
Carcinoma is strictly confined to 
cervix 1 
Carcinoma is in the urethro-vaginal 
and/or recto-vaginal septa, para- 
metria or lower third of vagina 8 
Metastatic carcinoma within the 
lymphatics and/or nodes of the 
true pelvis 2 
Carcinoma is in serosa, muscula- 
ture or mucosa of bladder and/or 
rectum | 7 


carcinoma in situ and then to invasive 
carcinoma similar histologically to the 
original lesion has been observed 1^ 1% 21. 23 
These observations suggest that a number 
of these late recurrences may, in fact, be 
new primary tumors with a histologic 
structure similar to that of the original pri- 
mary tumor. 

In most of the patients in this series, the 
late second cancer of the cervix apparently 
developed in the vaginal apex, and invaded 
in an antero-posterior direction. Regional 
lymph node metastases were uncommon. 
Despite this, distant metastases were ob- 
served within 18 months after pelvic ex- 
enteration in four of the five patients who 
died with metastatic epidermoid carcinoma. 
Unlike primary carcinoma of the uterine 
cervix, in which the disease tends to remain 
confined to the pelvis and regional lymph 
nodes until late in its course;9'* in our 
series of late postirradiation second cancers 
of the cervix, tumor cells apparently metas- 
tasized early. This early hematogenous dis- 
semination may reflect the fact that pre- 
vious pelvic irradiation has effectively 
obliterated pelvic lymphatics and elimi- 
nated the lymphatic system as a pathway of 
tumor cell dissemination. 

The aggressive behavior of late second 
cancers of the cervix after apparently suc- 
cessful initial treatment by irradiation of a 
primary carcinoma emphasizes the necessity 
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for prolonged follow-up of patients ap- 
parently cured of cervical cancer. Papani- 
colaou smears and biopsies of all suspicious 
or dysplastic lesions must be performed 
throughout the patient’s life. Only in this 
way can recurrent lesions or second primary 
cancers be discovered at an early stage. In 
our experience, symptoms did not occur 
until the secondary lesions were large and 
locally invasive. The postoperative mortal- 
ity, when such patients are treated by 
pelvic exenteration, is high because of the 
technical difficulties encountered in the ir- 
radiated pelvis. Although local recurrences 
are infrequent, prognosis is poor because of 
the apparent propensity for early metastases 
to distant organs. 


Summary 


Eighteen cases of late second cancers of 
the uterine cervix occurring 7 to 20 years 
after irradiation to an epidermoid carci- 
noma of this organ are reported. In 17 cases 
the histology of the second tumor was 
similar to the early cancer. One patient 
developed a sarcoma of the cervix 14 years 
after initial irradiation. Although these pa- 
tients complained of symptoms for only a 
short time, these second tumors were 
generally large and locally destructive, and 
behave in a very aggressive manner. All pa- 
tients were treated by pelvic exenteration. 
A 35% 5-year actuarial survival, free of dis- 


TABLE 4. Principle Operative Complications after Pelvic 
Exenteration for Late Second Postirradiation 
Cancers of the Cervix 


Total 
Complication Cases 
Pneumonia 
Septicemia 
Intra-abdominal or pelvic abscess 
Intestinal obstruction 
Abdominal wound infection 
Myocardial infarction 
Thrombophlebitis 
Pyelonephritis 
Ileal loop fistula 
Intestinal fistula 
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ease or significant complications, was 
achieved. Six in-hospital fatalities occurred, 
which is indicative of the complications 
which can occur after extensive surgery in- 
volving previously irradiated pelvic struc- 
tures. Pulmonary metastases developed in 
five patients and two patients who devel- 
oped local recurrence also demonstrated 
visceral metastases simultaneously. The only 
patient living after 5 years at the time of 
the report had the sarcoma. The longest sur- 
vivor among the 17 with carcinoma lived 
7 years. 
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Tube Cecostomy: An Evaluation of 161 Cases 


D. Dick CLark, M.D., Cnmanrss A. Husay, M.D. 


From the Department of Surgery, School of Medicine, Case Western Reserve University 
and University Hospitals of Cleveland, Ohio 44106 


CxcosroMY, since it was first proposed 
in 1710 by Litter, has been a controversial 
procedure. Although it was popular several 
decades ago, published reports and statis- 
tics over the past 20 years have suggested 
that tube cecostomy was associated with a 
higher morbidity and mortality than colos- 
tomy *^^?. however, more recent reports 
in the literature have shown tube drainage 
of the cecum to be an effective method 
of decompressing the colon in many in- 
stances.? This study was undertaken to 
further clarify the issue of the efficacy of 
tube cecostomy in varied clinical situ- 
ations and to review its use on our own 
surgical service. 


Clinical Material 


In the past ten years at University Hos- 
pitals of Cleveland, tube cecostomy has 
been employed 161 times in as many pa- 
tients. The majority of these patients were 
in their fifth to seventh decade of life, ex- 
cept for a generaly younger populace 
treated for perforation of the appendix 
and congenital anomalies of the gastro- 
intestinal tract. The sex distribution in this 
study was found to be essentially equal. 

Tube cecostomy served as a prophylactic 
vent for a distal suture line or anastomosis 
in 124 patients, as a method for decom- 
pression of acute large bowel obstruction 
in 37 patients, as treatment for cecal dis- 
ease in 14 patients, and for terminal care of 
distention secondary to carcinomatosis in 
six patients. 


The cecostomy was performed in most 
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instances after the fashion of Stamm, uti- 
lizing concentric purse-string sutures about 
a large bore mushroom or Foley catheter 
placed in the cecum. These sutures were 
then used to secure the cecum to the ante- 
rior abdominal wall by attaching them to 
the skin or musculo-fascial layers of the 
incision. Additional interrupted sutures 
were usually used to fasten the cecum 
to the parietal peritoneum, especially when 
the cecostomy was performed in conjunc- 
tion with other abdominal procedures. 

Although it is not the intention of this 
report to popularize cecostomy beyond its 
present role, it became obvious that various 
surgical procedures had been employed, all 
modified to some extent by circumstances 
and differences in methodology. 

We, therefore, are describing the follow- 
ing technique in some detail in an effort to 
standardize the method, emphasizing safe- 
guards to minimize complications when 
cecostomy is performed. 


Authors Method of Cecostomy (Fig. 1) 


Under local or general anesthesia, a 
three-inch Rocky-Davis type incision is 
made over McBurney’s point and the peri- 
toneal cavity is approached utilizing the 
conventional muscle splitting technic. Care 
is taken not to over extend the peritoneal 
incision. The cecum is then mobilized and 
delivered into the operative field. If the 
cecum is tightly distended, it should not 
be grasped with Babcock clamps, but with 
moist tapes and delivered through the 
wound. The area should be well isolated 
with packs and two suction tubes should 
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be on the field; two concentric purse- 
string sutures of 2-0 atraumatic chromic 
catgut are then placed over the anterior 
portion of the cecum leaving 94 cm. dis- 
tance between them (A). A serosal incision 
is made central to the sutures and a suc- 
tion trochar passed into the cecum to de- 
flate it. Following this, the mucosa of the 
cecum is grasped with fine hemostats and 
elevated. A number 28 Foley catheter with 
a 30 cc. balloon is passed through the 
mucosal opening and a 3-0 plain catgut 
ligature is tied snugly around the everted 
mucosal edge to insure hemostasis (B). 
The Foley catheter is usually preferred to 
other drainage tubes for the following 
reasons: 1) the balloon helps to inhibit 
mucosal obstruction of the catheter tip by 
preventing full collapse of the cecal wall 
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Fic. 1. The method of 
surgical construction of 
cecostomy as recom- 
mended by the authors. 


about the catheter; 2) the inflated balloon 
protects against accidental removal of the 
tube; &) the deflated Foley catheter is 
easily removed. The inner concentric purse- 
string suture is then tied and cut. A forceps 
is used to grasp the inner suture knot to 
invert the cecal wall while the outer purse- 
string suture is tied. This suture is left 
long. A third chromic suture is then placed 
and tied opposite the outer purse-string 
suture and also left long (C). This third 
suture is used in preference to the inner 
purse-string suture for attachment to the 
externa. oblique fascia later in the proce- 
dure. If the inner purse-string suture were 
so used, it would tend to pull the inverted 
cecal wall outward and would negate the 
intentional sealing effect of the double 
purse-string suture and invite leakage. The 
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peritoneum is then closed with interrupted 
2-0 chromic catgut sutures, incorporating 
the wall of the cecum with each peritoneal 
stitch (D). The two long chromic sutures 
attached to the cecum are sewn to the 
fascia of the external oblique while the 
catheter and balloon are drawn against the 
anterior abdominal wall by the assistant. 
The incorporation of the cecal wall in the 
peritoneal closure and the attachment of 
the long sutures to the external oblique 
fascia hold the cecum securely against the 
abdominal wall preventing intraperitoneal 
leakage. Reliance on traction on the catheter 
held only by skin sutures invites spillage 
and is to be condemned. The fascial lavers 
are loosely approximated and the skin sub- 
cutaneous layers closed in routine fashion. 
A single 0 silk suture secures the catheter 
to the skin. 

Postoperatively the cecostomy tube is 
placed on constant drainage and gently 
irrigated with 30 to 100 cc. of normal saline 
every 4 hours to maintain patency. 

The proper construction of a tube cecos- 
tomy, with careful attention to details as 
described, should assure the surgeon of 
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good decompression with minimal con- 
tamination and complication. 


Ceccstomy as a Prophylactic Vent for a 
Distal Anastomosis Following Resection 
for Carcinoma 


The carcinoma resected involved the left 
or sigmoid colon in 51 patients, the trans- 
verse colon in 17 patients, and the upper 
rectum in 13 patients. In 20 patients, 
cecostomy had originally been performed 
to decompress acute colonic obstruction 
and to prepare the bowel for resection. 
Later, at the time of resection, the cecos- 
tomy was left in place to act as a prophy- 
lactic vent for the anastomosis. The major 
complication rate was 28%. The complica- 
tions were: wound infection (8), cardio- 
pulmonary problems (5), cecal fistula (5), 
anastomotic leak (2), cecostomy leak (1), 
miscellaneous (2) (Table I). 

Adequate decompression was achieved 
in all patients except three. One patient 
developed an anastomotic leak following 
anterior resection of the rectum. During this 
procedure, gross fecal contamination was 
encountered. The second patient formed a 


TABLE 1. Morbidity and Mortality Following Tube Cecostomy in 161 Patients 


Indication for Major 
. Cecostomy Number Mort. Comp. 
Vent following 
resection 
carcinoma 81* (5)6% 28% _ 
Vent following 
resection 
_ diverticulitis 27 (1)4% 37% 
Vent following 
resection 
. benign lesions 11 0% 9% 
Vent following 
colotomy 5 0% 0% 
Decompression 
acute bowel 29% early 
obstruction 37 0% 24% late 
Decompression 
Cecal 
perforation 10 (222095 50% 
Cecal volvulus 4 (2)50% 50% 
Terminal 
- carcinomatosis 6 — € 


Complications 


Ceca. Anast. Cecost. Wound Delay Septic Cardio. 
Fistula Leak Leak Inf. Perf. Shock pulm. Misc. 


5 2 1 8 — — 5 2 
1 3 — 2 ~ — 1 3 
— iu x 1 a" = -— TUM 
9 — — 6 2 — — piss 
1 — — 3 — 2 — M 


Se 1 1 — 


— —— — —— tá —_ — "nues 





* In 20 patients the cecostomy was originally done to decompress acute bowel obstructioa. 
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fistula: between the gastric and colonic 


anastomoses after pancreatectomy com- . 


bined with transverse colectomy for carci- 
noma. The third patient leaked, primarily 
gas, intraperitoneally from his cecostomy 
site. This necessitated colostomy and cecos- 
tomy repair, during which it was noted that 
the purse-string sutures used to sling the 
cecum against the abdominal wall were 
loose and that the cecum Jay away from 
parietal peritoneum. The cecal wall had 
not been incorporated in the original peri- 
toneal closure. Five postoperative deaths 
(6% mortality) occurred following resec- 
tion with proximal cecostomy venting. Only 
one death could be attributed to the pos- 
sible failure of cecostomy. The patient who 
underwent pancreatectomy with colectomy 
and later developed a gastrocolic fistula 
died subsequent to this complication. The 
other four deaths were caused by myo- 
cardial infarction (3) and massive pulmon- 

ary embolism (1). 

Cecostomy as a Prophylactic Vent for a 
Distal Anastomosis Following Resection 
for Diverticulitis 
The cecostomy was used as a “safety 

valve” following resection of diverticulitis 

of the left colon in 27 patients. Thirty-seven 
per cent of these patients encountered 
major complications following surgery such 

as anastomotic leak (3), cecal fistula (1), 

wound infection (2), and hepatic failure 

(1). 

In each case where subsequent anasto- 
motic Jeak occurred, it was noted that the 
surgeon had- encountered an abscess or 
fistula at the time of resection. In this group 
of patients, the mortality rate was 4%. The 
only death postoperatively resulted from 
acute necrotizing hepatitis with hepatic 
failure. 


Cecostomy as a Prophylactic Vent for a 
Distal Anastomosis Following Resection 
for Benign Lesions of the Colon ` 
Eleven such resections of the left colon 

were done for a variety of clinical condi- 
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tions: bleeding diverticulosis (1); con- 
genital anomaly (2); sigmoid redundancy 
(2); adenomatous polyp (1); anastomotic 
stricture (2); endometriosis (1); and 
iatrogenic perforation (1). 

A wound infection following resection of 
the perforated segment of sigmoid colon 
accounted for the only major complication 
in this group. There were no deaths. 


Cecostomy as a Prophylactic Vent for Distal 
Colo:omy Suture Lines Following Poly- 
pectomy 
Five pstients were vented proximally 

with a tube cecostomy following colotomy 
for removal of benign polyps. In three of 
these patients, multiple colonic incisions 
were necessary. There was no morbidity 
or mortality after surgery. 


Cecostemy as a Method of Decompressing 
Acute Obstruction of the Colon 


Tube cscostomy was elected as the 
method for decompression of acute large 
bowel obstruction in 37 patients. Carcinoma 
caused the blockage in 27 instances and 
benign lesions were involved in the re- 
mainder. Twenty-nine per cent of the pa- 
tients had  postcecostomy morbidity; 
another 24% had complications following 
later secondary procedures. Cecal fistula 
(9) and. wound infection (6) were the most 
prevalert complications. Two distal per- 
forations occurred after proximal cecos- 
tomy decompression was instituted. À per- 
foration fcllowed in one patient with 
rectal carcinoma, who, at the time of 
cecostomy, was noted to have firm stool 
impacted in his cecum and very little im- 
mediate decompression when the Pezzar 
catheter was introduced. Following opera- 
tion there was never effective decompres- 
sion despite frequent attempts at irrigation. 
Three days later perforation of the trans- 
verse co.on necessitated formal colostomy. 
The secoad »erforation followed laparotomy 
for lysis of adhesions obstructing the trans- 
verse colon. At operation an ecchymotic 


Ann. Surg. - Jan. 1972 
Vol. 175 * No. 1 


area was discovered in the region of the 
hepatic flexure and cecostomy was per- 


formed. Two days after laparotomy, this . 


area perforated. There were no deaths 
following decompression of acute obstruc- 
tion in patients who had not spontaneously 
perforated their colon prior to definitive 
operation. 


Cecostomy in the Treatment of Cecal Vol- 
vulus and. Cecal Perforation 


À total of 14 patients with cecal disease 
were treated with cecostomy drainage. 
There were 10 patients with perforation of 
the cecum or appendix and four with cecal 
volvulus. All the patients who had per- 
forated appendicitis with abscess formation 
survived. Two deaths did occur following 
tube drainage of perforated cecum second- 
ary to distal obstruction. There also were 
two deaths subsequent to treatment of 
cecal volvulus. All patients, except one who 
sustained a myocardial infarction, died in 
septic shock and renal shut-down. In each 
of the latter patients, the fulminating 
septic course was not altered by effective 
decompression of the cecum. Three wound 
infections and one cecal fistula complicated 
the postoperative period of four patients 
with perforated appendix. 


Cecostomy for Terminal Care of the Patient 
with Carcinomatosis 


Six patients with carcinomatosis were 
vented with tube cecostomy. Of these, five 
died within 14 days of operation of the 
primary disease. The cecostomy added little 
to their terminal comfort and in all but one 
case was ineffective in decompressing the 
bowel. 


Discussion 


In 97 patients in whom tube cecostomy 
was used as a prophylactic vent for distal 
anastomosis, excluding cases of divertic- 
ulitis, anastomotic leak occurred only 
twice (2%). There were five deaths (5% 
mortality), but only one which could be 
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associated with failure of the cecostomy. 
Chaitin, reporting on cecostomy as a pro- 
phylactic vent for left colon resection in 
elderly patients, noted one anastomotic 
leak among 45 patients vented as compared 
to six anastomotic leaks in 125 resections 
without cecostomy.t Of 49 prophylactic 
vent cecostomies reported by King et al, 
only one leak and two deaths, unrelated to 
cecostomy, were noted.® The present review 
would lend further support to the use of 
tube cecostomy with distal resection of 
neoplastic disease. 

The use of cecostomy as a "safety valve" 
to protect the anastomosis after resection 
of diverticulitis was less satisfactory. Al- 
though there were no operative deaths, 
three of 26 patients developed anastomotic 
leaks despite cecostomy venting (12%). 
In our opinion colostomy should have been 
done in these cases as the surgeons had en- 
countered an abscess or a fistula in the area 
of the resection and anastomosis. 

Cecostomy, in most instances, was an 
effective means of decompression of acute 
obstruction when the obstruction was not 
associated with perforation. There were 
no deaths in the 36 patients so treated. All 
of the patients except two were adequately 
decompressed. However, these two failures 
resulted in subsequent perforation of the 
colon. Colostomy was indicated in each in- 
stance. In the first, firm, impacted stool was 
encountered at the time of cecostomy. 
Under these circumstances cecostomy 
should never be relied upon to decompress 
an impacted colon. The second patient’s 
transverse colon was noted to have areas of 
ecchymosis at the time of cecostomy. 
Colostomy was considered, but unfortu- 
nately was not done. When there is con- 
cern about bowel wall viability, a colostomy 
should be done rather than cecostomy. 

In 17 cases where later colon resection 
was done, the bowel preparation was 
judged adequate and effective. Colostomy 
would ideally have been a more desirable 
procedure in four patients with obstruction 


60 CLARK AND HUBAY 


secondary to inoperable tumors. However, 
the cecostomy functioned satisfactorily as a 
diverting fistula for the terminal care of 
three of these four patients. 

The mortality rate with cecostomy de- 
compression of acute large bowel obstruc- 
tion has been reported by various authors 
and varies from 50% to 596." * Gerber and 
Thompson noted an 85% mortality for 
cecostomy decompression of bowel obstruc- 
tion without perforation. They also re- 
ported a 23% mortality for colostomy de- 
compression of colonic obstruction done 
during the same period. Polk noted the 
mortality for colostomy in acute obstruc- 
tion to be 1196.5 

The overall mortality in our experience 
was 7% excluding the terminal patients 
treated for obstruction due to carcino- 
matosis. Most of the deaths resulted from 
associated clinical problems, and only one 
death could be attributed to cecostomy 
failure. There were no deaths as a direct 
result of the performance of cecostomy. 

A special note should be made in regard 
to cecal volvulus. Cecal volvulus was 
treated with tube cecostomy in four pa- 
tients in this series. Cecopexy would have 
been a more safe and appropriate operation. 
King et al. noted at later laparotomy in a 
number of patients who had had prior 
cecostomy that the cecum was no longer 
fixed to the anterior abdominal wall.® 
Similarly, in four patients who had had 
cecostomy in this series, the cecum was 
found to be free at the time of a later 
surgical procedure. In fact, one patient 
treated for cecal volvulus with cecostomy 
had recurrence of this problem necessi- 
tating cecopexy. 

Cecal perforation or perforated appendix 
with abscess involving the wall of the 
cecum can be treated effectively with 
cecostomy. The mortality of this condition 
was 20% in the present series. The cecos- 
tomy functioned well in all patients, but 
two deaths resulted from sepsis associated 
with perforation of the cecum. Both pa- 
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tients were moribund at the time of surgery. 

The value of cecostomy in the treatment 
of obstruction due to carcinomatosis in the 
terminal patient has been questioned. Five 
of the six patients so treated in this report 
derived little objective benefit from this 
procedure. 

The major complications involving the 
cecostomy site were wound infection, cecal 
fistula, and intraperitoneal leakage. There 
was only one cecostomy which leaked intra- 
perizoneally, and this was due to a technical 
error in constructing it. Of 20 major wound 
infections recorded, only six involved the 
cecostomy site. A minimal amount of in- 
flammation and skin excoriation often oc- 
curred in the region of the cecostomy after 
the tube had been in place for a number 
of days; however, these problems were 
easily controlled with diligent cleansing of 
the skin and the use of protective ointments 
and powders. The use of appendicostomy 
rather than cecostomy in 14 patients was 
not attended by an increased morbidity in 
this series. 

By far, the majority of cecostomies closed 
spontaneously obviating any further surgi- 
cal procedure. Cecal fistula occurred in 16 
patients. In four instances the fistula served 
to divert the fecal stream in terminal pa- 
tients with inoperable carcinoma. Of the 
remaining 12 fistulas, six required surgical 
repair and six eventually closed with con- 
servative treatment. 

It is not appropriate to argue the suprem- 
acy of tube cecostomy over decompressive 
colostomy for each has its definite indica- 
tions and limitations. Tube cecostomy is a 
procedure which can readily be done under 
local, as well as general anesthesia. When 
performed during celiotomy as a venting 
prccedure, the added technical and tem- 
poral hazards are minimal It should be 
emphasized however that cecostomy serves 
only as a partial diversionary method for 
the fecal stream and colonic gas. It should 
never be employed where the viability of 
the colon wall or the competence of an 
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anastomosis is in serious doubt. Likewise, 
when firm, impacted stool is encountered 
proximal to an obstruction, colostomy 
should be done. Where a complete diver- 
sion is essential, colostomy must be done. 
The surgeon should be especially wary of 
cecostomy when dealing with diverticulitis 
or other inflammatory lesions. Provided its 
limitations are realized, tube cecostomy can 
be used effectively as a prophylactic vent- 
ing mechanism in association with acute 
obstruction and colectomy for neoplastic 
and non-inflammatory disease. It also func- 
tions well in the treatment of perforated 
cecum and advanced appendicitis. 


Conclusions 


In the past 10 years at University Hospi- 
tals of Cleveland, 161 patients were treated 
with tube cecostomy. The following con- 
clusions are drawn from an analysis of the 
data collected: 

1. Complementary cecostomy functions 
effectively as a prophylactic venting mech- 
anism in association with colectomy for 
neoplastic and non-inflammatory disease. 

2. Tube cecostomy should be used with 
caution when dealing with inflammatory 
diseases of the colon and avoided when an 
abscess or fistula is encountered at the time 
of resection. 

3. Acute large bowel obstruction is, in 
most cases, well decompressed by cecos- 
tomy, and an adequate bowel preparation 
for later colonic resection can be achieved. 
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However, when bowel viability is in doubt 
or fecal impaction is encountered, colos- 
tomy should be done. 

4. Cecostomy is effective in the treat- 
ment of cecal perforation and advanced 
appendicitis, but it should not be used for 
the definitive treatment of cecal volvulus, 
where cecopexy is preferable. 

5. Tube cecostomy is of doubtful value 
for decompression of bowel obstruction 
secondary to carcinomatosis in the terminal 
patient. 
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Pulmonary Lobar Gangrene Complicating Lobectomy 
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Honolulu, Hawaii 


GANGRENE of a lobe of the lung without 
pedicle torsion has not been previously 
reported. A few instances of gangrene of 
a lobe or an entire lung have been reported 
wherein torsion did occur after trauma * ! 
or operation? as a complication of dia- 
phragmatic hernia ** and spontaneously in 
an accessory lobe. 

The two patients included in this report 
developed gangrene of a remaining, adja- 
cent lobe following lobectomy for granulo- 
matous disease. During difficult dissection 
a lobar artery was injured and repaired. 
After operation putrid sepsis and a massive 
bronchopleural fistula developed, necessi- 
tating reoperation and resection of the gan- 
grenous lobe. The clinical findings in the 
two patients were remarkably similar sug- 
gesting that 1) conditions associated with 
a high risk of developing this rare but life- 
threatening complication can be identified 
at initial operation and, 2) the postopera- 
tive emergence of the striking signs of this 
complication should lead to early diagnosis 
and reoperation. 

Case 1, A 46-year-old man entered Tripler 
Army Medical Center in December 1969, for 
treatment of acute pericarditis. A solitary pulmo- 
nary nodule in the right lower lobe was seen on 
chest roentgenogram. There was no history of 


pulmonary disease although the patient smoked 
heavily. Physical examination was normal. Histo- 
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plasmosis and coccidioidomycosis skin tests were 
positive. 

After recovery from pericarditis, the patient 
underwent right lower lobectomy. The 3-cm. 
nodule was umbilicated and suspected of being 
malignant although there was dense inflammatory 
encasement of all hilar tissues. During a difficult 
dissection, the middle lobe artery was injured and 
repaired. The lower lobectomy was completed 
and the middle lobe was fixed to the upper lobe 
to prevent torsion. Upon final inspection, both 
the middle lobe parenchyma and the flow through 
the repaired artery appeared normal. Microscopic 
examination later revealed a granuloma due to 
Coccidioides immitis. 

Early after operation the patient developed 
copicus amounts of both foul-smelling sputum 
and chest tube drainage along with massive air 
leakage. Culture of these materials showed Es- 
cherichia coli initially. Later, anaerobic culture 
showed Bacteroides and Anaerobic Streptococcus. 
Fungal cultures showed Candida sp. By the third 
day after operation, the middle lobe appeared 
consolidated on chest roentgenograms. The patient 
became severely septic, required tracheostomy and 
controlled ventilation, and had an obvious bron- 
chopleural fistula with an air fluid level in the 
middle lobe area. One week postoperatively, pul- 
monary angiogram demonstrated obstruction of 
the middle lobe artery and the patient underwent 
a second thoracotomy. The middle lobe was 
shrunken and necrotic, with a grey-greenish ap- 
pearznce and a fetid cdor. The lobe was resected 
and the previous bronchial closure was reinforced. 
Because af marked inflammation and fibrosis, more 
proximal amputation o? the intermediate bronchus 
was not sttempted. Empyema and bronchopleural 
fistula again developed and were treated by tube 
drainage. Six months later, a third thoracotomy 
was performed and the fistula closed by amputat- 
ing and closing the proximal intermediate bron- 
chus. Subsequent recovery was satisfactory. 

Following the unexpected complication in Case 
l, icquiry made of several other military and 
civilian thoracic surgery services revealed an al- 
most idertical experience which took place about 


Ann. Surg. x 275 1972 PULMONARY LOBAR GANGRENE COMPLICATING LOBECTOMY 63 


Vol. 175 - 


2 years previously at Wilford Hall U. S. Air Force 
Medical Center, Texas. The following report was 
compiled from medical records made available by 
the Thoracic Surgery Service of that Center. 

Case 2, À 25-year-old man was admitted to the 
Center in January 1968 for evaluation of intermit- 
tent chest pain present for the past 20 years, and 
a 20-pound weight loss, sustained during the year 
prior to admission. At 4 years of age, he had been 
hospitalized 6 months for treatment of pulmonary 
tuberculosis. Since that time, the patient had 
periodically consulted physicians because of chest 
pain, shortness or breath and a chronic productive 
cough with infrequent episodes of minor hemop- 
tysis. Physical examination was normal. Right 
middle lobe collapse was diagnosed from findings 
on plain roentgenograms, bronchoscopy and bron- 
chography. Sputum smears and cultures failed to 
reveal acid-fast organisms. 

At thoracotomy, the middle lobe bronchus was 
completely obstructed by a 1.5 cm. necrotic, ab- 
scessed lymph node. The lobe was fibrotic and 
contracted, and the arterial tree was completely 
encased in a dense inflammatory process. During 
a difficult resection, the lower lobe artery was 
injured and repaired. 

Postoperatively, the patient was intermittently 
febrile. On the fourth postoperative day a mas- 
sive gir leak developed and foul-smelling material 
began draining from the chest tube. Culture 
showed Streptococcus and Klebsiella. On the 
eighth postoperative day, the patient was operated 
upon again and a necrotic, destroyed lower lobe 
was resected. The lobar artery was thrombosed. A 
cuff of bronchus was dissected from adjacent 
dense inflammatory tissue and sutured. Broncho- 
pleural fistula again developed and was treated 
by continuous tube drainage. Tracheostomy was 
required for ventilatory assistance. When Myco- 
bacterium tuberculosis was recovered from the 
original surgical specimen, anti-tuberculous ther- 
apy was begun. The patient made a slow recovery 
with gradual closure of an empyema space. 


Discussion 
Literature Review 


Because of the serious and unusual na- 
ture of this complication, previous reports 
dealing with experimental and clinical in- 
terruption of pulmonary circulation were 
studied. From this review it became evi- 
dent that true pulmonary gangrene is rare, 
requiring almost total circulatory interrup- 
tion. Moreover, the role of each of the cir- 
culatory elements in maintaining lung via- 


bility has not yet been fully defined. Most 
experimental studies were done in the pre- 
antibiotic era. In addition to the circulatory 
defect infection was stressed as a contrib- 
uting cause of gangrene.. 9 1° 

In 1932, Mathes, Holman and Reichert ? 
demonstrated that experimental pulmonary 
artery ligation (or ligation of both artery 
and vein) was tolerated without residual 
difficulty. Injection studies showed that 
distal blood flow was re-established by 
dilatation of capillary anastomoses in the 
pulmonary bed and, more importantly, by 
an expansion of bronchial collateral circu- 
lation which filled the distal pulmonary 
artery via pre-capillary communications be- 
tween bronchial and pulmonary arteries. 
Later, Liebow et al.’ confirmed these results, 
using bronchovascular casting technics. 

Experimental interruption of venous 
drainage from a lobe produces hemorrhagic 
congestion and edema, and was found by 
early investigators to have a significant 
mortality.» ° However, since the advent of 
antibiotic therapy, investigators have re- 
ported survival following interruption of 
venous drainage from a Jobe or a lung.” 

Clinical experience with pulmonary vein 
interruption or injury is meager. Deliberate 
lobar venous ligation has been reported as 
successful in the treatment of a few pa- 
tients with open tuberculous cavities. On 
the other hand, Reinhoff,5 in his descrip- 
tion of a two-stage pneumonectomy, cau- 
tioned that if during the first stage the pul- 
monary veins are ligated in addition to the 
artery, wet gangrene will develop. Gan- 
grene of an adjacent segment of a lobe has 
been reported after difficult segmental re- 
section for granulomatous disease and has 
been ascribed to injury to intersegmental 
veins. 19 

Mathes et al.,° also demonstrated experi- 
mentally that the bronchial arteries nourish 
the entire lung except for the terminal 
alveoli which are supplied by the pulmo- 
nary artery and that it is virtually impos- 
sible to interrupt bronchial circulation be- 
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Cause of rich submucosal anastomotic net- 
works. However, Ellis et alë did achieve 
complete unilateral bronchial artery ob- 
struction in dogs by injecting plastic into 
the right posterior bronchial artery. Com- 
pleteness of obstruction down to vessels of 
35 micron size was confirmed by roent- 
genologic and histologic examination. All 
animals demonstrated progressive respira- 
tory distress and fever and died within a 
week. Postmortem examination revealed 
infarction and ulceration confined to the 
main stem and hilar bronchi of the injected 
side, with more distal bronchi appearing 
viable. Extensive bilateral pneumonitis sec- 
ondary to bronchial necrosis was consid- 
ered to be the cause of death. Bilateral 
involvement presumably resulted from 
spread to the non-injected lung. 

The studies of Ellis * appear to confirm 
the critical importance of adequate bron- 
chial artery circulation. Moreover, Bogar- 
dus? pointed out that bronchial necrosis 
occurring after lung transplantation may 
not be a manifestation of early rejection 
rather may be due to inadequate blood 
supply of the transplanted bronchus. On 
the other hand, successful lung transplanta- 
tion !* without bronchial artery reconstruc- 
tion has been achieved, providing conflict- 
ing evidence on the role of bronchial cir- 
culation. Further studies will be necessary 
to provide a better understanding of bron- 
chial circulation in general and in particu- 
lar, the means by which larger bronchi of 
transplants maintain viability. 

The unresolved questions remaining af- 
ter this review led us to speculate on the 
cause of gangrene and bronchopleural fis- 
tula in our two patients. Thrombosis of the 
repaired artery plus infection does not 
seem sufficient reason for gangrene despite 
early work showing this relationship. Ve- 
nous interruption probably was not a fac- 
tor. In view of Ellis work, deficient bron- 
chial artery circulation is probably impli- 
cated in some way. Moreover, the associ- 
ated bronchopleural fistula is additional 
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evidence of inadequate bronchial circula- 
tion. Stemmermann and associates?' have 
listed several factors contributing to fistula 
formatian: granulomatous empyema, granu- 
lomatous involvement of bronchial mucosa, 
chronic bronchitis, post-resectional space 
with infection and technic of bronchial 
closure. 

Taat bronchial artery insufficiency may 
result from chronic granulomatous inflam- 
mation and fibrosis is an attractive theoreti- 
cal concept. Such a marginal circulation 
might have been further compromised dur- 
ing surgical manipulation, becoming inade- 
quate for oxygenation of a pulmonary lobe 
after thrombosis of its artery or for healing 
of the bronchial stump after resection. 


Clinical Features and Diagnosis 


Both time and distance widely sepa- 
rated these two patients, but their courses 
shared several common features. At opera- 
tion a marked fibrotic granulomatous pro- 
cess was found surrounding the hilar struc- 
tures; during dissection a lobar artery was 
injured and repaired. The early appear- 
ance of profuse foul sputum and chest tube 
drainage and a massive air-leak made con- 
sideration of a seriously compromised 
bronchial and pulmonary circulation in- 
escapaLle. 

In Case 1 following operation, the fetid 
drainage was striking and was the key find- 
ing leading to the suspicion that gangrene, 
or at least, a putrid abscess had developed 
rather than more common complications of 
bronchial air leak, post-resectional space 
problem or empyema. However, since 
gangrene had never before been encoun- 
tered as a postoperative complication, this 
diagnosis was considered reluctantly. Dur- 
ing the several days between operation 
and the decision to re-operate, intensive 
supportive measures were required to com- 
bat sepsis and pulmonary insufficiency. 
Conventional chest roentgenograms taken 
during this period demonstrated opacifi- 
cation and air-fluid level in the lower 
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right hemothorax, but did not allow dis- 
crimination between more common extra- 
pulmonary complications and a destructive 
intrapulmonary process. When pulmonary 
angiography demonstrated obstruction of 
the artery to the middle lobe, intrapulmo- 
nary abscess with gangrene seemed certain. 
The substantial risk of fatal aspiration into 
the contralateral lump demanded prompt 
resection of the lobe. 


Conclusion 


Although experience with this complica- 
tion is limited to two cases, certain points 
deserve emphasis and may be helpful in 
future management of such patients. 

First, when the character of the sputum 
and chest tube drainage suggests an an- 
aerobic putrefying infection, it is essential, 
as typified by Case 1, to employ repeatedly 
the specific technics required for growth of 
anaerobic organisms so that antibacterial 
treatment will be appropriate. 

Next, pulmonary angiography may be of 
considerable benefit, especially if the con- 
ventional chest roentgenograms do not al- 
low precise distinction between the major 
complications under consideration. Block- 
age of the middle lobe artery was further 
evidence of an intrapulmonary abscess with 
gangrene rather than a postresection space 
with empyema. 'The former represented an 
urgent indication for reoperation and re- 
section while empyema might have been 
managed with continued tube drainage. 

Next, in both patients, the description of 
the operation to remove the gangrenous 
lobe indicates that the surgeon, faced with 
a difficult dissection from severe inflamma- 
tion, was willing to compromise ideal clo- 
sure of the intermediate bronchus in order 
to avoid the risk of serious hemorrhage 
attendant upon additional dissection. At 
the third operation in Patient 1, after the 
second bronchopleural fistula had been 
present for months, dissection of the bron- 
chial stump for closure just distal to the 
upper lobe bronchus was considered to be 


just as difficult as it would have been at 
the earlier operation. Additional dissection 
with more proximal bronchial closure 
might have resulted in healing without 
fistula formation at the time of the second 
resection. 

Finally, although pulmonary artery re- 
pair has been successfully performed nu- 
merous times during pulmonary resection, 
failure of the arteriorrhaphy in these two 
cases undoubtedly contributed to develop- 
ment of gangrene. Perhaps significant in- 
jury to a lobar artery should be treated by 
immediate resection of the affected lobe 
when injury occurs in a hilum involved 
with granulomatous inflammation and 
dense fibrosis. The decision must weigh 
the risk of further lowering pulmonary re- 
serve by resection against the substantial 
morbidity associated with gangrene of such 
a lobe. 


Summary 


Two cases of pulmonary lobar gangrene 
following lobectomy are reported. They are 
the first cases occurring without pedicle 
torsion. The exact cause of this complica- 
tion is unknown, however, pulmonary ar- 


significant. Conflicting experimental and 
clinical studies dealing with pulmonary 
circulation are reviewed with especial em- 
phasis on the generally unrecognized im- 
portance of bronchial circulation and its 
role in lung transplantation. 

The presence of unusually foul-smelling 
drainage and a massive air-leak were key 
features leading to the initial suspicion of 
gangrene. In one of the cases, pulmonary 
angiography demonstrated obstruction of 
the previously injured lobar artery confirm- 
ing the presence of severe circulatory com- 
promise. Both patients underwent urgent 
re-operation and resection of the gangre- 
nous lobe which successfully controlled 
life-threatening sepsis and prevented fatal 
aspiration into the opposite lung. Follow- 


; 


tery and vein injury, impaired bronchial : 
circulation and infection are considered 
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ing removal of the gangrenous lobe, 
chronic bronchopleural fistula again devel- 
oped in each patient. This final complica- 
tion might have been avoided, had the 
surgeon been willing to risk troublesome 
bleeding and extended the dissection proxi- 
mally along the bronchus intermedius so 
that a well-vascularized stump could be 
securely closed. 
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Post-Vagotomy Abdominal Chylous Fistula 


J. E. Muscrove, M.D., F.A.C.S., F.R.C.S.(C) 


Vancouver, B.C, 


CuyLous ascites following abdominal 
surgery is a rare postoperative complication. 
Bradham, Gregorie and Wilson: found 
only three reports of chylous ascites fol- 
lowing abdominal surgery, adding a fourth, 
but mention “There are probably other re- 
ports that we have missed and certainly 
there are cases unreported.” A fifth case 
was reported in 1966 by Cox, Schmitz and 
Gillesby,* and this was the first recorded 


` case of chylous ascites following abdominal 


vagotomy. Clain,* reported the second in- 
stance of chylous ascites following vagot- 
omy in April, 1971. 

This article will deal with the etiology of 
a chylous fistula, its surgical correction and 
a discussion of the anatomy of the involved 
lymphatics. 


Case Report 


Mrs. J. E., age 40, was seen in consultation 
March 3, 1970. She was suffering from a chronic 
duodenal ulcer with recurring hemorrhage and 
chronic cholecystitis with cholelithiasis. 

On March 9, 1970, an abdominal truncal 
vagotomy, pyloroplasty and cholecystectomy were 
performed. During the vagotomy a Y-shaped 
lymphatic 2 to 3 mm. in diameter was noted, 
coursing over the anterior aspect of the abdominal 
esophagus (Fig. A). This lymphatic was, of 
necessity, divided during the dissection and no 
unusual outpouring of lymph was noted. Prior to 
closing the abdominal wound a one half inch 
Penrose drain was inserted through a stab wound 
in the right upper abdomen and the inner end of 
the drain drawn up under the liver toward the 
abdominal esophagus. 

The postoperative course will be listed daily as 
follows: 


March 10—excessive clear drainage noted from 
the Penrose drain site. 
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March 11—an order written to change the dressing 
as necessary. 

March 12—given clear fluids 30 ml. 2 hourly— 
orally. l 

March 13—still draining excessive amount of clear 
fluid. Methylene blue 4; given orally and no 
dye noted in the Penrose drain area. Clear 
fluids taken orally as tolerated. 

March l4—placed on 6 small soft feedings daily. 
Up and about, feeling well and no fever; 
drainage continued. 

March 16—colostomy bag applied to drain site and 
1,390 ml. of milk-like fluid drained in 24 
hours. A chylous fistula was diagnosed and the 
esophageal “lymphatic” recalled from the time 
of operation. 

March 17—2,250 ml. of milky fluid drained in 24 
hours. This fluid was collected in a bottle kept 
on ice, then replaced in the patient's stomach 
by means of a small feeding tube and pump. 
She continued to eat meals but her appetite 
was poor. 

March 18—the chylous drainage continued at the 
same pace, and following assessment of the 
laboratory findings as listed in Tables 1 and 2 
surgical closure of the fistula was thought to 
be indicated. The tube feeding of the chyle 
continued until she was taken to the operating 
room. 

March 18—exploratory laparotomy and closure of 
chylous fistula. Approximately 300 ml. of 
chylous fluid were found in the upper abdo- 
men, mainly in the left subphrenic space and 
200 ml. aspirated from the pelvic cavity. The 
peritoneum was completely free of any gross 
evidence or irritation. 


The pyloroplasty and gallbladder bed areas 
were normal. On retracting the left lobe of the 
liver, the abdominal esophagus was visualized and 
overlying its lower anterior aspect was a 2 to 3 mm. 
opening which freely drained chyle (Fig. B). 

On further examination there appeared to be 
a lacteal full of chyle running down from the 
fistulous opening toward the lesser curvature of 
the stomach. When this structure was undersewn 
and ligated all the chylous drainage ceased and 
the lacteal quickly distended to the size of a 
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Appearance of aberrant 
lymphatic 
during vagotomy 






B. j[]) Chylou 
fi 





Fic. 1A. Y-shaped lymphatic vessel overlying 
the abdominal esophagus; the cephalad limbs pass- 
ing through the esophageal hiatus. B. Actively 

aining chylous fistula and lacteal noted during 
second operation. C, Ligation of lacteal causing 
distention of lacteal and cessation of chylous 
drainage. 


cigarette (Fig. C). As far as could be determined, 
the Jacteal was running from the anterior surface 
of the abdominal esophagus downward over the 
esophago-gastric junction to pass posteriorly toward 
the region of the celiac axis. No attempt was made 
to trace the lacteal further. 
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The patient made an uninterrupted recovery 
following this second operation and when last 
seen one month later she was feeling well and 
had regained her preoperative weight. 


Discussion 


This is the third case report, to my knowl- 
edge, of a chylous fistula following opera- 
tion in the region of the abdominal 
esophagus. The aberrant lacteal overlying 
the abdominal esophagus must be a very 
rare anomaly when one considers the num- 
ber of operative procedures performed in 
this area during the past quarter century. 
The cisterna chyli is an elongated, irregular 
sac lying between the aorta and the right 
crus of the diaphragm. It receives five or 
more trunks, namely, the right and left 
lumbar trunks, the gastrointestinal trunk, 
and a pair of vessels that descend from the 
lower intercostal spaces. On passing 
throuzh the aortic hiatus it becomes the 
thoracic duct. Van Pernis,* during a 5-year 
period, studied the cysterna chyli and 
thorazic duct during 1,081 autopsies and 
found “the thoracic duct in all 1,081 cases 
coursed through the aortic hiatus.” Davis 5 
presented excellent drawings of the varia- 
tions found in the thoracic duct, cysterna 
chyli and its afferent branches in 22 cadaver 
studies. In all cases the ducts, including 
the gastrointestinal trunk, passed from the 
abdomen into the thorax through the aortic 
hiatus in the diaphragm. 

In the case being reported, the aberrant 


TABLE 1. Laboratory Tests and Specific Medicaticns 


Serum Gm./100 ml. 
Protein Albu- Glob- 
Date Total men ulin 
1970 
March 5 6.1 3.7 2.4 
March 16 4.5 2.0 2.5 
March 18 4.1 1.9 2.2 
March 19 4.9 3.3 1.6 
March 20 4.9 2.9 2.0 
March 28 5.8 3.4 2.4 


Prothrambin 
Time Medications 
37% 2 units albumen and 500 ml. blood 
Aquamephyton 30 mg. 
I.V. t.i.d. 
96% 
100% Aquamephyton discontinued 


A 
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TABLE 2. Chemical Studies of Chylous Fluid 


Date Amylase Protein 


1970 
March 16 9.5 Street-Close 
units per 100 
ml. 


2.1 Gm./100 ml. 


March 17 
March 18 


3.3 Gm./100 ml. 
1.4 Gm./100 ml. 


lymphatic was probably the gastrointestinal 
trunk draining the stomach, small bowel 
and right half of the colon, the two cepha- 
lad limbs of the Y-shaped duct passing 
upward through the esophageal hiatus. In 
one day, 2,250 ml. of chyle was drained 
and from a study of Table 2 the loss of 
protein and fat can readily be estimated. 
The loss of vitamin K is also most impor- 
tant, as noted by Grindlay when discussing 
Burdette's? report. He state that "if the 
fistula remains open and runs briskly for 
much longer than 36 hours, the lymph 
will not clot because there is a state of pro- 
thrombin insufficiency." This patients pro- 
thrombin time dropped quickly and was 
readily restored to normal by administer- 
ing parenteral vitamin K. 

The decision to operate upon this chy- 
lous fistula was readily reached after 
considering the magnitude of protein, fat 
and vitamin K loss and recalling the divi- 
sion of a lymphatic overlying the abdomi- 
nal esophagus at the time of the vagotomy. 
Lymphangiography was considered but not 
believed necessary in this case. The pa- 
tient progressed very favorably following 
ligation of the lacteal. 


Summary and Conclusion 


A chylous fistula was produced during 
an abdominal truncal vagotomy by division 
of an aberrant lacteal, probably the gastro- 


Fat Chioride Potassium Sodium 


103 mEq./l. 4mEq./l 128 mEq./L 


2.61 Gm./100 ml. 


intestinal trunk. The excessive loss of pro- 
tein, fat and vitamin K was readily con- 
trolled by ligation of the lacteal. 

If a large lymphatic vessel is visualized 
during operation in the proximity of the 
cysterna chyli it should certainly be care- 
fully ligated. If a chylous fistula does occur 
postoperatively, early ligation of the of- 


‘fending lymphatic is recommended. The 


patient should be fed milk, or as in this 
case chyle, until operation, to maintain the 
flow of chyle from the fistula, and thus ease 
identification of the fistulous site and deter- 
mine control of the fistulous drainage fol- 
lowing ligation of the duct. 
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Total Circulatory Arrest for Treatment of 
Advanced Arteriovenous Fistula 


EDWARDS P. SCHWENTKER, M.D., HEeNav T. Bannson, M.D. 


From the Department of Surgery, Veterans Administration Hospital, University Drive, 
and the University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania 15213 


In its simplest form the traumatic arterio- 
venous fistula is a well understood and 
easily managed entity. The preferred treat- 
ment of surgical interruption, when em- 
ployed early in the course of the lesion, 
results in complete cure, usually without 
sequellae. Treatment becomes more difficult 
when major vessels are involved or when 
the location of the fistula precludes simple 
operative exposure. Perhaps the most signi- 
ficant factor in determining the ease of 
operative repair is the duration of the fis- 
tula’s existence. 

With the passage of time the simple 
abnormal communication between artery 
and vein evolves into a major clinical prob- 
len often with life-threatening conse- 
quences. The short circuit of arterial blood 
leads to distal arterial insufficiency while 
the elevation of venous pressure may result 
in formation of a venous aneurysm at the 
fistula site and the development of massive 
varices with stasis in the tributaries of the 
involved vein. Blood volume and cardiac 
output rise to maintain perfusion of vital 
organs and high-output cardiac failure may 
develop. In its fully developed state the 
neglected arteriovenous fistula becomes en- 
meshed in a network of friable arterial and 
venous collaterals. 

In the following case the features of the 
fully developed arteriovenous fistula were 
encountered in the extreme. Surgical repair 
by conventional means was impossible. The 
fistula was repaired and the disease cured 
during a period of total circulatory arrest. 


Submitted for publication January 7, 1971. 


70 


Case Report, R. K., a 53-year old draftsman 
was admitted to the Pittsburgh Veterans Admin- 
istration Hospital for the fortieth time in January, 
1969 in high-output cardiac failure with massive 
swelling and ulceration of the right lower ex- 
tremity. His illness began with a shrapnel wound 
to his right buttock sustained in Germany in 1945. 
At abdominal exploration a shrapnel fragment was 
removed from the right pelvis. Approximately one 
year leter he developed swelling of the right 
lower cuadrant of the abdomen. An arteriovenous 
fistula was diagnosed, and in July, 1946, the pa- 
tient underwent the first of six unsuccessful opera- 
tive procedures to obliterate the fistula. "These 
procedures are outlined in Table 1. 

During each procedure efforts to reach the 
fistula were thwarted by a large venous aneurysm 
which overlay the fistula against the posterior wall 
of the right pelvis. Attempts to dissect around this 
friable mass invariably led to massive hemorrhage. 
In 1945, 1950, and 1965 temporary improvement 
in clinical condition was achieved by ligation of 
proximal arteries, but in each instance the results 
were shortlived as remaining collaterals enlarged 
and the preoperative hemodynamic state recurred. 

Except for these brief periods of improvement 
the patients clinical condition progressively 
worsened during the 24 years of the fistula’s 
existence. Edema gradually increased to involve 
the entire right lower extremity including the 
buttock and the right side of the scrotum. Stasis 
ulceration, first appearing in 1949, became re- 
fractory to all forms of treatment, and the enor- 
mous varices over the thigh, buttock, and scrotum 
eroded on several occasions with life-threatening 
hemorrhage requiring suture ligation and blood 
replacement. The high-output cardiac failure 
present on the first admission remained in fairly 
£cod control until the year prior to the last ad- 
mission during which time the patient became 
ccnfined to bed and wheelchair. 

At the time of his fortieth and last admission 
in January, 1969 the patient was a wasted 
chronically ill-appearing man in atrial fibrillation 
with a ventricular response of 125 beats per 
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TABLE 1. Previous Major Operative Procedures for A-V Fistula] 


Date Place Procedure Postoperative status 





2/45 Germany Abdominal exploration following injury Temporary improvement 
Removal of shrapnel 
/46 Pittsburgh Removal of additional shrapnel 'Temporary improvement 


Ligation of right internal iliac a. 
and right common iliac v. 


10,46 Pittsburgh Attempt to ligate fistula* Unchanged 
10/49 Pittsburgh Attempt to ligate fistula* Unchanged 


Right lumbar sympathectomy 


12/50 Indianapolis Attempt to ligate fistula* 'Temporary improvement 
Suture plication of venous aneurysm 
Ligation of right common iliac a. 


2/60 Pittsburgh Operative arteriogram Unchanged 
Attempt to ligate fistula* 


9/65 Pittsburgh Aortofemoral bifurcation prosthesis Temporary improvement 
Ligation of: inferior mesenteric a. 
left common iliac a. 
left internal iliac a. 
left superficial femoral a. 
right common femoral a. 





f In addition, several minor operative procedures including suture ligations of bleeding varices and multiple 
skin grafts to ulcers of right leg. 

* Failure secondary to operative hemorrhage from venous aneurysm. 

The first four operations in Pittsburgh were performed by Dr. S. P. Harbison, the last by Dr. F. C. Jackson. 
Dr. H. B. Shumacker performed the operation in Indianapolis. 


minute, His heart was clinically enlarged and a 
loud flow murmur was present over the entire 
precordium. His abdomen bore the scars of 
multiple previous operations and, as expected, a 
loud machinery murmur was present in the right 
lower quadrant. 

In sharp contrast to his generalized wasting 
there was massive swelling of the entire right 
lower extremity with involvement of the right 
buttock and scrotum. Enormous varices up to 1.5 
cm. in diameter wound throughout this swelling. 
Ulceration involved the entire leg circumferentially 
from ankle to knee. 

The patient refused permission for photo- 
graphy on his last admission, but some idea of 
the impressive physical findings may be gained 
from photographs taken 4 years earlier in 1965. 
Figures 1 and 2 show the massive swelling of the 
right thigh and buttock. The large varicosities may 
be appreciated in the irregular surface of the 
medial thigh in Figure 1 and the huge external 
hemorrhoids in Figure 2. 

Some of the vascular abnormalities can be seen 
in the aortogram. Figure 3 is from an early film 





following a transaxillary aortic injection which Fic. 1. View of thigh in 1965, four years be- 


outlines the dacron aortofemoral bifurcation fore final admission. Edema of thigh and irregular 
contour due to varicosities are shown. Photography 
prosthesis placed in 1965. The bladder is opacified was refused on his last hospital admission. 


(2 





Fic, 2. Posterior view shows massive external 
hemorrhoids which bled on many occasions. 


by dye excreted from earlier injections and is 
seen deformed by a right pelvic mass. Figure 4, 
taken a few seconds later demonstrates the enor- 
mous arterial collaterals and a particularly large 
vessel in the right side of the pelvis which has 
filled from below and which appears to be the 
major arterial component of the fistula. Finally in 
Figure 5 dye fills the venous side of the fistula 
opacifying a large venous aneurysm. 
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The patient initially refused operation, and he 
was managed as before with dressings to his 
ulcers and management of cardiac failure. In 
September, 1969 his condition abruptly worsened 
as he developed a cellulitis in the right thigh with 
septicemia which required heavy antibiotic 
therapy. He sloughed an additional area of skin 
from his anterior thigh measuring 16 cm. in diam- 
eter. Operation was again recommended and was 
accepted. As conventional methods were clearly 
inadequate to cope with the problem, the decision 
was made to use hypothermic cardiopulmonary 
bypass with a period of total circulatory arrest 
allowing the fistula to be closed from within the 
venous aneurysm. 

Operation was performed on October 7, 1969. 
The heart was exposed through a median sterno- 
tomy and the venous cannulae were inserted 
through the right atrial appendage. Arterial blood 
was reintroduced through a stab wound in the 
ascending aorta. The large venous aneurysm in 
the region cf the right common and external iliac 
veins was exposed through a lower midline in- 
cision. The aneurysm was pulsatile and had a 
mean pressure of 40 mm. Hg at a time when the 
mean arterial pressure was 50 mm. Hg. 

Cardiopulmonary bypass and cooling was done 
with a bubble oxygenator. The heart spontaneously 
fibrillated at 33 degrees centigrade, and at 17 
degrees esophageal temperature the bypass was 





Fic. 3 (left). Aortogram outlining dacron aortofemoral bifurcation bypass. Bladder 
is deformed by a mass in the right pelvis. 
Fic. 4 (right). Taken a few seconds after Figure 3, the large collaterals can be seen. 
Note the large vessel in the right side of the pelvis, filling from below, appearing to be the 
major arterial component of the fistula. 


F 
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Fic. 5. Venous filling showing a large 
venous aneurysm. 


stopped. The aneurysm was then opened, and the 
source of its arterial supply was readily identified 
by momentarily restarting the bypass and observ- 
ing the influx of bright red arterial blood. The 
arterial connection was sutured closed from within. 
The aneurysm was repaired, and the patient was 
rewarmed and defibrillated. Termination of bypass 
and closure was accomplished without difficulty. 
During the procedure there were two periods of 
circulatory arrest of 15 and 4 minutes, respectively, 
separated by a five minute period of perfusion. 

The patient's postoperative course was reason- 
ably smooth with no evidence of cerebral damage. 
The cardiac failure was resolved, the size of the 
right lower extremity rapidly diminished, and the 
continuous murmur disappeared. Six weeks post- 
operatively the clean granulating ulcers were 
successfully covered with split thickness skin 
grafts, and he was discharged ambulating on 
crutches. 

More than 1 year postoperatively the patient 
has resumed an active life, walking without 
crutches distances of up to one mile per day. He 
remains in atrial fibrillation with a pulse rate of 
100 beats per minute. His appearance has changed 
remarkably as shown by Figure 6. His right thigh 
is now but 4 cm. greater in circumference than 
his left thigh, a difference apparently due to the 
fibrous organization of his previous edema. His 
right leg is well covered with skin except for a 


narrow strip along the anterior tibial surface. 
Decreased muscle mass in the right leg secondary 
to scarring from longstanding ulceration accounts 
for a 2.5 cm. discrepancy in the circumference of 
the right leg relative to the left. There is no 
longer any edema, but the right foot although not 
compressible is permanently larger than the left 
foot. Moderately loud femoral bruits are present 
bilaterally, but the continuous flow murmur once 
heard over the right lower quadrant is no longer 
present. 


Discussion 


The classic features of a persistent trau- 
matic fistula are demon- 
strated in the present case. Over the 24 
years of the fistula's existence the local and 
systemic consequences had progressed to 
a state nearly incompatible with life. 
Previous surgical attempts had been pro- 
gressively radical culminating with the 
placement of an aortofemoral bypass in 
1965, but all previous attempts had failed 


arteriovenous 





Fic. 6. Appearance 1 year after operation. 
Edema has cleared, ulcerations have healed, and 
varicosities are no longer evident. 
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because interruption of the fistula itself had 
never been accomplished. 

In 1968 the patient was advised to 
undergo right hemipelvectomy. At that 
time, still able to ambulate at home and 
perhaps disillusioned by previous surgical 
failures, he refused. On his last admission 
hemipelvectomy was again considered since 
the extremity had become a useless burden, 
but such a multilating procedure was 
judged to be as technically difficult as the 
one finally performed. 

The most distinctive feature, which pre- 
vented operative correction by conventional 
means, was the inaccessible location of the 
fistula behind the large venous aneurysm. 
A remarkably similar case was reported by 
LeVeen and Cerutti? in 1963 involving a 
fistula of 15 years duration between the left 
common iliac artery and vein. In their case 
the operative repair failed because of un- 
controllable hemorrhage from a large 
venous aneurysm which filled the left side 
of the pelvis. In the same article these 
authors reported another case, involving 
the left subclavian artery and left jugular 
vein, which was successfully repaired by 
internally occluding the fistula with a bal- 
loon catheter until operative exposure could 
be secured. Such a procedure was con- 
sidered in the present case, but threading 
a catheter to the fistula would have been 
difficult, as every major vessel in the area 
had been previously ligated. 

The technic of total circulatory arrest 
under hypothermia has been utilized spo- 
radically for difficult cardiovascular prob- 
lems since Sealy et al. first described its 
clinical use in 1958. The technic has been 
employed for open heart procedures, for 
the interruption of a previously constructed 
Potts anastomosis," and in neurosurgery for 
the repair of intracranial aneurysms.? This 
technic was first described for the treat- 
ment of an arteriovenous fistula in 1968 by 
Borst et al. for a fistula between the aorta 
and the innominate vein. Recently Lillehei 


Ann. Surg. - Jan. 1972 
Vol. 175 - No. 1 


and coworkers * reported the use of hypo- 
thermia and total circulatory arrest for a 
variety of unusual cardiovascular prob- 
lems, among them a traumatic arteriovenous 
fistula. 

The vast majority of acquired fistulas 
are more simply managed, but in those 
rare cases in which the disease has reached 
the limit of the body's ability to compensate 
and exceeded the surgeon's ability to cor- 
rect by conventional means, control of the 
entire circulation may be necessary before 
the underlying lesion can be repaired. 


Summary 


A case of advanced traumatic arterio- 
venous fistula involving the right side of 
the pelvis is reported. After repeated at- 
tempts by conventional means had failed, 
repair was accomplished by employing a 
technic of total circulatory arrest utilizing 
cardiopulmonary bypass and hypothermia. 
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Spontaneous Internal Biliary Fistula, Obstructive 
and Nonobstructive Types: 


Twenty-Year Review of 55 Cases 
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REFINEMENTS in radiologic technics, lead- 
ing to earlier diagnosis of asymptomatic 
gallstones and prompt referral of these pa- 
tients to the surgeon, have resulted in a 
decreased overall incidence of spontaneous 
internal biliary fistulas,?. 59 even though, as 
Porter et al.** put it, more are being found 
preoperatively today. However, diagnostic 
awareness of the possibility of bilioenteric 
fistula leaves much to be desired, and its 
presence is still too often first diagnosed at 
operation. 

No large series of spontaneous internal 
biliary fistulas have been reported since 
those of Judd and Burden ? in 1925 (153 
cases), Kehr% (100 cases) and Marshall 
and Polk ? in 1958 (41 cases). 

We therefore decided to review all cases 
of spontaneous internal biliary fistula en- 
countered at the Millard Fillmore Hospital 
in the 20-year period from 1950 to 1970. 

We arbitrarily divided the fistulas into 
two types which we termed “nonobstruc- 
tive" and "obstructive," because, although 
gallstone ileus usually is a complication of 
the former type, the two clinical entities 
are distinct, as are also their treatment and 
outcome. We further compared the cases in 
the two decades represented: 1950 through 
1959 and 1960 through 1969, particularly 
as to preoperative diagnosis, sequelae and 
mortality. 

Present Study 
Material 


Of a total of 55 patients with spon- 
taneous internal biliary fistula in the period 
studied, 39 were seen in the first 10-year 
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period and only 16 in the past 10 years. 
Gallstone ileus comprised the 19 total ob- 
structive cases, 12 occurring in the frst 
and seven in the second decade (Table 1). 

Age and Sex. In the nonobstructive type, 
the average age was 60 years; in the ob- 
structive type, 67 years. Over 85% of the 
total patients were 65 years of age or over 
(range 48-83). Typically, females predom- 
inated, in the ratio of 4:1. 

Past History. Of the total patients 24, 
or 44% (18 with the nonobstructive and 6 
with the obstructive type), had a history of 
previous gallbladder disease. Interestingly, 
of 33 patients who had emigrated to this 
country from Europe, 22 initially denied 
any history of gallbladder disease, which 
could be attributed partly to a language 
barrier, and at first refused surgical treat- 
ment. 

Preoperative Diagnosis. From Table 1 
it is evident that there was improvement in 
the preoperative diagnosis in both types in 
the 20-year period studied (from 23% to 
56% ). In the nonobstructive type the di- 
agnostic accuracy was only 19% as com- 
pared to 63% in gallstone ileus, emphasiz- 
ing the difficulty of diagnosis in the former 
type. In six of the 36 cases fistula was 
suspected by the abdominal scout film and 
confirmed by x-ray study with contrast 
media. In the gallstone ileus, or obstruc- 
tive type, 10 of the 12 total diagnoses were 
made on plain radiographs of the abdomen; 
the remaining two were made clinically. 
One was a recurrent gallstone ileus and the 
other emesis of the gallstone. 

Associated Diseases. Forty-four patients 
(80% ) had previously diagnosed associated 
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TABLE 1. Spontaneous Internal Biliary Fistula—55 Cases 


a UOO 





Type Nonobstructive 
Period of study 1950-1959 1960-1969 
No, of cases 27 9 
No. preoperatively 3 (11%) 3 (33%) 

diagnosed 
Deaths 4 (15%) 1 (11%) 
Causes of death *Pancreatitis — *Common- 
* Ext. bil. duct 
fistula injury 
M yocard. 
infarction 
Pneumonia 





Total Total 
Cases Obstructive Cases 
1950-1959 1960-1969 
36 12 7 (incl. 19 

1 recurr.) 

6 6 (50%) 6 (86%) 12 
5 4 (33%) 1 (14%) 5 
Diabet. acidosis Re-obstruct. 

Electrolyte due to 
imbal. adhesions 

Pul. embol. 

Pneumonia 





* Attributed to the surgical procedure. 


disease, 25 of which were arteriosclerotic 
cardiovascular disease; this was followed 
by pulmonary disease and diabetes. 

Morbidity. Wound infection was the 
most common postoperative complication, 
followed by partial wound dehiscence, 
pulmonary infections, atelectasis, and lastly 
electrolyte imbalance. 

Mortality. In 1950-1959, four of the 
eight deaths were attributed to cardio- 
pulmonary complications. One patient in 
severe diabetic acidosis died while being 
prepared for operation. In 1960-1969, the 
only death in the nonobstructive type was 
attributed to technical error, and the only 
one in the obstructive type was caused by 
re-obstruction due to adhesions. 


Discussion 
Nonobstructive Type 


Spontaneous bilioenteric fistula is pro- 
duced most frequently by gallstones (ap- 
proximately 90% 1"), followed by peptic 
ulcer (655), and the remainder (4%) by 
malignancy or trauma. Of the 55 cases in 
the present series, 53 were caused by 
chronic cholecystitis with cholelithiasis and 
two by duodenal ulcer. As soon as an in- 
ternal fistula is formed, the patient is re- 
lieved of the distress from common-duct 
obstruction, a "fortunate accident" says 
Dean.” Halsted,^ however, states that 
natures methods are “very crude and at- 


tended with much suffering and great 
danger, immediate and remote,” his infer- 
ence being that the fistula produced is a 
potential source of complications, among 
them gallstone ileus. 

The most common communication (69— 
70% ) is said to be cholecystoduodenal,'^ 2° 
followed by cholecystocolonic (1495) and 
cholecystogastric (6% ).°° In our series the 
type of fistula was ascertained only in the 
nonobstructive type (Table 2). 

Sequelae of the nonobstructive type of 
biliary fistula are ascending cholangitis, 
particularly when the colon is involved *; 


gallstone ileus ê; loss of weight **; mal- 
absorption — syndrome," gastrointestinal 


hemorrhage (rarely ),'*: *° and development 
of carcinoma.’ Bossart et al.? found the in- 
cidence of malignancy in biliary fistula to 
be 15% as compared with 0.8% of gall. 
bladder carcinomas noted in cholecvstec- 
tomies. 


Obstructive Type 


The incidence of gallstone ileus is gener- 
ally accepted to be approximately 295 or 
less of all mechanical bowel obstructions, 
but is significantly higher (23-2496) in pa- 
tients over 65 years of age.!^ ?? 

The 19 cases of gallstone ileus in the 
present series represented 0.38% of all 
(4,897) cases of mechanical bowel ob- 
struction surgically treated in this hospital 
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in the 20-year period under study and 
34.5% of the spontaneous internal biliary 
fistulas in our series. 

It is commonly stated that the gallstone 
must be over 2.5 cm. in diameter to pro- 
duce symptomatic ileus.1? (Turner?? de- 
scribed a stone measuring more than 17 
cm.) The gallstone passes through the 
fistula as soon as it is in the lumen of the 
viscus, and usually proceeds distally. Oc- 
casionally it proceeds in a proximal direc- 
tion and in these instances it may be 
vomited; or sometimes it becomes impacted 
at the pylorus, producing duodenal ob- 
struction. In 80-90% of cases the stone will 
migrate with peristalsis and be passed 
spontaneously.? This is supported by the 
finding that in a series of 104 cases of 
spontaneous internal biliary fistulas the 
incidence of gallstone ileus was only 1490.5 

If the stone becomes impacted it is most 
often found at the terminal ileum, less often 
at the jejunum. In our series 63% were im- 
pacted at the terminal ileum and 2696 at 
the jejunum (Table 2); in all of the latter 
there were adhesions between the jejunum 
and abdominal wall. In these latter patients 
a wrong preoperative diagnosis was made 
—the abdominal surgical scar being the 
culprit. The presence of a surgical scar 
does not eliminate the possibility of gall- 
stone ileus. On the other hand, it should 
stimulate awareness to the possibility of 
this diagnosis, especially in the elderly pa- 
tient with no history of cholecystectomy. 
Noskin and Tannenbaum ** described an 
interesting case of a gallstone palpated 
through an incisional hernia. A stone oc- 
casionally can be impacted at the sigmoid 
colon, especially if the colon is diseased.?” 
In our series there was one case of sigmoid 
colon obstruction (Table 2). 

A controversial mechanism is the migra- 
tion of a small stone through an intact com- 
mon duct to produce eventual obstruc- 
tion/^?! a mechanism not accepted by 
some.* Warren and Swan reported a 
small-bowel obstruction produced by gall- 
stone in the absence of a gallbladder. 
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TABLE 2. Type of Fistula and Location of ` 
Obstruction: 55 Cases 
Nonobstructive Gallstone Ileus 


Type of Fistula Location of Obstruction 


No. of Cases No. of Cases 
Cholecysto- Terminal 
duodenal 22 (61%) ileum 12 (63%) 
Cholecysto- Jejunum 5 (26%) 
colonic 6 (17%) 
Multiple fistulas 
Cholecysto- 
duodeno- 
colonic 4 Pylorus 1 
Cholecysto- 
choledocho- Sigmoid 
duodenal* 3 colon* 1 
Cholecysto- 
gastrocolonic 1 Bes 
Total 36 Total 19 


* In the three cholecystocholedochoduodenal fistulas, 
two were caused by duodenal ulcer. The sigmoid colon 
obstruction occurred in a patient with diverticulosis. 


Diagnosis 
1. Nonobstructive Type 


A history of biliary-tract disease is more 
readily elicited in the nonobstructive type, 
as the acute symptoms of bowel obstruction 
often mask those of the biliary tree. In the 
present series 18 of 36 patients with the 
nonobstructive type had such a history. 

The symptoms of this type are nonspe- 
cific and similar to those of any chronic 
biliary-tract disease. Although the chole- 
cystoduodenal fistula seldom produces 
ascending cholangitis, it is said to be the 
most difficult to diagnose and also the one 
that most frequently produces gallstone 
ileus.8 Jaundice was observed in 11 of 15 of 
Puestow’s ** cases. Physical findings are not 
remarkable; however, a vague fullness can 
be palpated in the right upper abdominal 
quadrant which represents the fistula and 
adhesions. This was present in 12 of the 36 
patients in our series. 

In general, preoperative recognition is 
more difficult in the nonobstructive type. 
In the series of Judd and Burden !? in 1925 
only two out of 153 cases were diagnosed 
preoperatively. In the present series only 
six of 36 cases were diagnosed before 
surgery; the remaining 30 cases were found 
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incidentally in a total of 4,720 chole- 
cystectomies performed in this hospital in 
the past 20 years. Kehr ?* is often quoted as 
finding 100 fistulas in 2,000 cholecystec- 
tomies. 

The presence of air in the biliary tree is 
suggestive of a diseased biliary system but 
not diagnostic of fistula. In the 267 cases of 
biliary fistula reported by Borman and 
Rigler ? 3096 revealed air in the biliary tree. 
The x-rays in the six nonobstructive cases 
in our series that were preoperatively di- 
agnosed showed air in the biliary tree. This 
finding is often recognized only in retro- 
spect. 

The most important diagnostic roentgen 
finding is reflux of a contrast media into the 
biliary tree. In our rare case of cholecysto- 
gastrocolonic fistula, the fistula was demon- 
strated by x-ray examination with barium 
enema but was not seen in the upper gas- 
trointestinal tract series. 


2. Obstructive Type 


The clinical picture of gallstone ileus is 
not unlike that of any mechanical bowel 
obstruction. During migration of the stone, 
symptoms are minimal or absent. Thus the 
onset is insidious, occasionally acute. The 
stone can produce intermittent obstruction 
due to the “tumbling” or migrating pheno- 
menon.* 1? Recurrent, incomplete bowel ob- 
struction can be present for weeks or 
months before complete blockage occurs. 
Drucker? reported a latent period of 9 
months. The average duration of complete 
obstruction in previous reports ranged 
from 4.5 to 7 days.® 15 In the present series 
the average was 5 days. 

A plain radiograph of the abdomen, as 
fully described by Rigler, Borman and 
Noble, is the most helpful Air in the 
biliary tree-is significant and has been re- 
ported in up to 93% of cases in a retro- 
spective study,?° which implies lack of 
awareness preoperatively. In our series the 
x-rays in eight, or Jess than half of the 19 
cases of gallstone ileus, showed air in the 
biliary tree; there was no retrospective re- 
view of the films. 
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Another significant x-ray finding is 
visualization of an ectopic radiopaque stone 
that varies in location. This was demon- 
strated ir seven of 10 cases in our series 
which were diagnosed by x-ray study. 
Drucker? showed the importance of 
barium swallow x-ray in the diagnosis of 
gallstone ileus. Haffner et al.t5 found that 
when all these x-ray findings were con- 
sidered, a diagnosis could be achieved in 
85% of cases. 


Treatment 
1. Nonobstructive Type 


Ás the majority of nonobstructive cases 
are founc incidentally in the operating 
room, if one is not aware of the disturbed 
anatomic -eatures, operation is likely to be 
a difficult anc dangerous procedure. 

The anetomic features of nonobstructive 
biliary fistula of greatest surgical import- 
ance are: (1) the presence of dense ad- 
hesions in the right subhepatic area, (2) a 
small fibrotic gallbladder adherent to a 
viscera, and (3) a dilated common duct. 
As the common duct also may be ob- 
structed,'^-?* it is mandatory positively to 
identify ard explore the duct before excis- 
ing the fistula and the gallbladder. 

We finc intraoperative cholangiograms 
most useful in identification of the import- 


ant structures as well as in confirming 


choledochel obstruction. The gastrointes- 
tinal tract should be meticulously explored, 
especially if the stone is faceted. Bowel 
preparation is important, particularly when 
the colon :s involved. If the fistula is be- 
tween the common duct and the duodenum, 
a duodenal ulcer is "almost always" present 
according :o Porter ef al.’* In our series 
subtotal gastrectomy was done for this type 
of fistula; cthers have used vagotomy with 
drainage. 

Internal biliary fistulas of the nonob- 
structive type are nearly always managed 
by a single-stage surgical procedure, as 
were the 36 cases in our series. Hicken and 
Coray,” however, perform a preliminary 
decompression of the colon or common 
duct. 
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In the present series the case fatality 
rate decreased from 14.7% in 1950-1959 to 
11.1% in the past 10 years. (Marshall and 
Polk in 1958 cited a rate of 12.576.**) The 
single fatality in the latter period was due 
to transection of the common duct, which 
was followed by rapid progression to liver 
failure. This technical catastrophe could 
have been avoided by the use of intraopera- 
tive cholangiography. Three of the five 
total deaths were directly related to sur- 
gery. The authors, in a previous publica- 
tion,” pointed out safeguards in the surgi- 
cal approach to spontaneous internal biliary 
fistula. 


2. Obstructive Type 


The primary surgical treatment, as in any 
mechanical bowel obstruction, is laparo- 
tomy. Moore and Baker? however, de- 
scribed a nonoperative method by flooding 
the terminal ileum with barium in poor- 
risk patients. Correction of the fluid and 
electrolyte imbalance, restoration of any 
metabolic derangements, and the use of 
intestinal intubation are essential prepara- 
tions for surgery. 

When the obstructing stone is located, an 
attempt should be made at milking it into 
a healthy bowel, followed by enterolitho- 
tomy, but often this is not possible because 
of the edema, inflammation, and spasm that 
exist at the site of impaction. The rest of 
the bowel should be explored for the pres- 
ence of another asymptomatic stone. 
Tuell *2 found more than one stone large 
enough to obstruct the bowel in 1476 of 
500 cholecystectomies. If another stone is 
detected near the site of the enterotomy, 
this should be gently milked to the incision. 
If the stone is in the sigmoid colon, one 
should attempt carefully to milk it toward 
the rectal ampulla and then extract it from 
the rectum.'? 

Some use a single-stage surgical pro- 
cedure for treatment of gallstone ileus in 
certain cases.» 5? In this procedure, 
excision of the fistula and cholecystectomy 
are performed in addition to enterolitho- 
tomy. Fraser '? advises only cholecystostomy 
and enterolithotomy whenever feasible. 
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The authors prefer the two-stage pro- 
cedure, as the majority of these patients 
are elderly, precariously sick, and debili- 
tated, and we believe they are better able 
to tolerate a shorter operative procedure. 
Also, removing the gallbladder and fistula 
could be technically difficult and tedious 
because of obesity and the presence of 
severe, dense adhesions in the right upper 
abdominal quadrant. We believe it is pref- 
erable to do the cholecystectomy and exci- 
sion of the fistula at a later date when 
conditions are more favorable. However, in 
the present series only 28% of the patients 
returned for the second procedure and they 
are presently alive and well; the remaining 
10 either refused operation or were lost to 
follow-up. 

It is generally agreed that the fistula and 
gallbladder should be removed to prevent 
recurrent ileus (5-10% *?*) and other se- 
quelae of the fistula. In some instances the 
fistula may close spontaneously provided it 
is small and there is no distal obstruction 
of the common duct.? Deckoff* empha- 
sized the importance of further x-ray studies 
to demonstrate the fistula prior to the pa- 
tient's discharge. 

The mortality rate of gallstone ileus has 
decreased tremendously in the past half- 
century (from 75% prior to 1925 to 28% 
in 1960), and to less than 15% in the 
past decade. The mortality is, however, 
still too high and ways must be found fur- 
ther to reduce this. 


Summary and Conclusions 


A series of 55 cases of spontaneous in- 
ternal biliary fistula encountered at the 
Millard Fillmore Hospital, Buffalo, N. Y., 
in the 20-vear period, 1950 to 1970, is 
presented. 

The cases were arbitrarily divided into 
nonobstructive and obstructive (gallstone 
ileus) types, and the preoperative diagno- 
ses and mortality rates for both types in the 
two decades studied were compared. Both 
showed great improvement in the latter 
decade, which is in agreement with the 
recent literature. 
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We found a high incidence of sponta- 
neous internal biliary fistula among the im- 
migrant patients. This might be explained 
by their "conservative" attitude toward sur- 
gical treatment for asymptomatic gallstones. 
For this reason we believe gallstone ileus 
should always be considered in the dif- 
ferential diagnosis of bowel obstruction in 
these patients. 

In an effort further to reduce the death 
rate and decrease the morbidity in sponta- 
neous internal biliary fistula, the following 
points are emphasized. 

For the nonobstructive type: Better un- 
derstanding of the anatomic distortions, 
leading to refinements in operative technic. 

For the obstructive type: Earlier diagno- 
sis of gallstone ileus and earlier surgical 
treatment. 

Finally, the ultimate answer to the pre- 
vention of internal biliary fistula formation 
is cholecystectomy, whenever feasible, in 
all patients in whom gallstones are present. 
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Stereotaxic Pinpointing of Foreign 
Bodies in the Limbs 


Josera T. McFaApbEN, M.D., F.A.C.S. 


Medical Center, Norfolk, Virginia 


ALL previously established technics, both 
mathematica] and non-mathematical, for 
localizing embedded foreign bodies serve 
only as ancillary aides to surgical explora- 
tion, and none lead infallibly to the target. 
The mathematical methods and the technics 
of stereotaxic surgery both arose from simi- 
lar concepts early in the Roentgen era and, 
after evolving independently for more than 
half a century, they overlapped and cul- 
minated in the recent design of guiding de- 
vices which functionally embody the inter- 
related mathematical principles, thereby 
furnishing a means of pinpointing the pre- 
cise location of an embedded foreign body 
without computations or exploratory sur- 
gery. 

Stereotaxic and Mathematical Technics 

When visualized by x-rays, a foreign 
body appears as an image in a two-dimen- 
sional plane on a picture which creates a 
positional concept distorted by divergent 
rays, by parallax, and by the lack of a three- 
dimensional perspective. Consequently, the 
abstract technics which use mathematical 
computations based on a system of coor- 
dinates for estimating foreign body posi- 
tion, relative to an anatomical structure or 
to an object placed arbitrarily within the 
same field, were developed early in the 
Roentgen era.??: ** Almost at the same time, 
Clarke and Horsley devised stereotaxic sur- 
gery for finding anatomical targets deep in 
the brain.” 11:12 These methods depend 
upon ancient mathematical precepts used 
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for centuries prior to the discovery of x-rays 
to calculate the otherwise immeasurable 
distance and position of an object. The 
physical specifications of position, whether 
within living tissue or in outer space, relate 
primally to the axiom of theoretical phys- 
ics which defines position as a primitive 
notion pertaining to the method of reach- 
ing a particle or an object from somewhere 
else. Geometrically, the position of an ob- 
ject is symbolized relative to a collection 
of other objects which form a frame of 
reference about it.® +® +4 Fundamental lines 
of reference or axes (a coordinate system 
of one type or another) drawn within this 
frame specify the precise location of a par- 
ticular point mathematically in relation to 
another point chosen arbitrarily: in a plane, 
two such coordinates determine a point, the 
familiar ordinate and abscissa of a graph. 
In three-dimensional euclidean space, a 
point is determined by three coordinates, 
defined by distance from three planes 
formed by the intersection of three mutally 
perpendicular rectilinear lines. Of the many 
coordinate systems (i.e. polar, spherical, 
cylindrical, curvilinear) the three-dimen- 
sional mutually perpendicular interfaces axe 
germane, in particular, to early concepts 
of foreign body localization and stereotaxic 
surgery.59;1512.15,1* The first stereotaxic 
device utilized a rectangular rectilinear sys- 
tem, and even though these classical Car- 
tesian coordinates form one of the simplest 
of all systems, the apparatus was neverthe- 
less discouragingly complicated. Indeed, 
Horsley’s biographer, S. Paget (1919), was 
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to say of it, "R. H. Clarke . . . also devised 
a stereotaxic apparatus, probably the most 
complex of all the mathematical instru- 
ments of physiology." > Although Clarke 
described ( Patent specifications No. 22,455 ) 
its intended application to surgical treat- 
ment of the human brain, almost 40 years 
clapsed before a stereotaxic apparatus, pat- 
terned on the Horslev-Clarke device, was 
adapted to clinical neurosurgery.*® The use 
of this instrument (Spiegel and Wycis ), and 
its subsequent modifications, depends on 
complex mathematical computations to find 
the coordinates from an external reference 
point to the target. Later methods ( Leksell, 
Riechert, Talairach and Bennett) superim- 
pose the geometry of a sphere for guiding 
a probe through the device, rigidly fixed 
on the skull, to a previously determined 
target position. ^: '* Wells in 1962, greatly 
simplified this concept by designing his 
head-holder to move the head in three 
mutually perpendicular planes, bringing the 
target to the geometric center of the sphere 
represented bv either quadrant of the 
guide. He thus takes maximum advantage 
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Fic. 1. The Todd- 
Wells stereotaxic appara- 
tus demonstrating the ap- 
proach for transsphenoi- 
dal hypophysectomy. 
(Courtesy of Mechanical 
Developments Co., South 
Gate, Calif. 90280. ) 





Fic. 2. Modified Todd-Wells stereotaxic instru- 
ment showing: (A) plexiglass platform replacing 
the head holder, (B) aluminum splint immobiliz- 
ing the limb, (C) instrument path along spherical 
radius to the target, (D) horizontal axial plane of 
sphere through the sighting reticles, and (E) 
spherical concept super imposed, showing foreign 
body at its geometric center. 


Ann. Surg. 
Vol. 175 * No. 1 


of the two cardinal principles which govern 
stereotaxic devices patterned on the geom- 
etry of a sphere: (1) the radius of a sphere 
is always perpendicular to a tangent reach- 
ing the spherical surface at the same point, 
and (2) the infinite number of radii which 
can be drawn within a given sphere, all 
have precisely the same length. When the 
anatomical target has been placed at the 
geometric center of the sphere represented 
by either the transverse or vertical arcuate 
quadrant of the Well’s guide, an instrument 
passed through the guide opening (which 
is perpendicular to the tangential surface 
of the guide of the quadrant) infallibly 
goes to the target, a distance which always 
is exactly 135 mm. (Fig. 1). Thus, the 
necessity for mathematical computations is 
eliminated and coordinates do not have to 
be determined because they are inherent 
in the apparatus. In the case of a foreign 
body, no exploration is necessary. The sur- 
geon simply goes to the target along the 
shaft of the guiding probe. In fact, when 
the foreign body is smaller than the wound 
tract, a slender grasping forceps can be 
passed through the stereotaxic guide a dis- 
tance of 135 mm. to grasp and extract the 
foreign bodv without causing new damage 
(Fig. 2). Only one criterion must be satis- 
fied with this approach: that the foreign 
body be radiopaque. 

The use of the Wells stereotaxic system 
to find intracranial anatomical targets ( Fig. 
1), led to its recent use in locating intra- 
cranial foreign bodies for removal? and 
subsequently to realign fracture dislocations 
of the cervical spine in three-dimensions for 
anterior interbody fusion. In turn, the head- 
holder unit was modified to drop the head 
into a lower position for localization of ex- 
tracranial foreign bodies of the head.*? 
This equipment now has been modified fur- 
their for localizing foreign bodies in the 
limbs by substituting for the head holder 
ring a heavy plexiglass platform (radiolu- 
cent) for support of a limb (Fig. 2). 


- Jan. 1972 STEREOTAXIC PINPOINTING OF FOREIGN BODIES IN LIMBS 83 





LI Di 


e 


Fic. 3. Lateral view (top) demonstrating the 
probe pointing to the two broken ends of a needle 
embedded in the arm above the elbow joint and 
anterior-posterior view (bottom) demonstrating 
the probe guided to the needle. 


Surgical Technic (Fig. 2) 


(1) Immobilize the limb, after surgical 
preparation, in a sterilized aluminum splint, 
(2) mold the malleable splint by hand to 
hold the limb firmlv, (3) bolt the splint to 
the sterile plexiglass platform, (4) adjust 
the limb to bring the foreign body into the 
vicinity of the target by estimation, (5) 
take anterior-posterior and lateral polaroid 
x-ray pictures and measure the distance of 
the foreign body from the target in three- 
dimensions (this is easily done with factor 
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Fic. 4, Anterior-posterior (top) and lateral 
view (bottom) of the probe passed to a bullet in 
the forearm. 


enlargement scales correlated to the scales 
on the stereotaxic device for the x-ray 
source in a given operating room), (6) ad- 
just the platform holder in these three 
planes to bring the foreign body onto the 
target, i.e., the exact geometric center of 
the globe represented by the arcs, (7) take 
additional polaroid films and continue the 
adjustments until the target is perfect, (8) 
pass a sterile probe through the probe 
guide to the skin, and make a stab wound 
through the skin, then pass the probe to 
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the foreign body. Since the probe will reach 
the foreizn body from any angle chosen, it 
can be adjusted to enter the tract of a fresh 
wound made by the foreign body, if desir- 
able, or through a safer route if important 
structures are threatened. That is to sav, 
the safest anatomical route can be chosen 
and used. With the probe in place, the skin 
incision is extended to allow room for the 
passage of instruments to extract the for- 
eign body. The route of the probe should 
be followed carefully by gentle dissection: 
it is not necessary to explore for the foreign 
body: thrusting technics of blunt dissection 


Lateral (top) and anterior-posterior 


Fic. 95. 
view (bottom) of a probe guide on a wire seg- 
ment thrown into a foot by a lawn mower. 


A 
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wil displace it, requiring readjustment of 
the target. 


Discussion 


To date the stereotaxic technic has been 
used to find and extract (1) a needle from 
an elbow (Fig. 3), (2) a BB shot from a 
hand, (3) a bullet from the forearm in two 
separate patients (Fig. 4), and (4) a wire 
segment (lawn mower injury) from a foot 
(Fig. 5). Further modifications of the 
stereotaxic guide are being made for pin- 
pointing foreign bodies in the shoulder. 


Non-Mathematical Technics 


The three major methods belonging to 
this group each have serious limitations. 
(1) The magnet besides its obvious limita- 
tions, attracts nothing except those objects 
made of ferromagnetic materials. Only four 
elements, alpha-iron, cobalt, nickel, and 
manganese in certain compounds, are ferro- 
magnetic, and consequently move toward 
a magnet.” 1° With the exception of the 
rare earth elements, all other substances 
display one type or another of paramag- 
netic behavior and some actually may be 
repelled.” 1° (2) Sonar methods serve only 
to guide an exploratory search and the sur- 
geon sometimes is led astray by sound re- 
flected from other objects. (3) Fluoroscopic 
technics—the profunda method, the paral- 
lax method, and recent biplane equipment 
—require surgical exploration under the 
fluoroscope.'? A search, quite naturally, has 
continued for improved methods. 


Summary 


A modified Todd-Wells stereotaxic guide 
has been used to pinpoint foreign bodies 


in the hand, foot, elbow and forearm. These 
were removed without exploratory surgery. 
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Von Recklinghausen’s Disease: 
A Clinicopathological Study 


Ricuarp D. BRasriELD,? M.D., Tapas K. Das Gupta, M.D., Px.D. 


From the Gastric and Mixed Tumor Service of Memorial Hospital and the Division 
of Surgical Oncology University of Illinois, Abraham Lincoln 
School of Medicine, Chicago, Illinois 


MULTIPLE neurofibromatosis is a rare 
syndrome characterized by abnormal cu- 
taneous pigmentation and numerous skin 
tumors. Although the syndrome was pre- 
viously described by Smith in 1849; this 
pleomorphic variety of disorders is usually 
associated with the name of von Reckling- 
hausen who, in 1882,°° described the entity 
in great detail. As a medical curiositv, the 
syndrome has elicited a voluminous litera- 
ture, most of which, however, are case re- 
ports. The present study was undertaken to 
obtain information on the biologic behavior 
and the natural history of this disease. The 
study of these patients has provided a 
unique biological model with which to 
study the genetic traits, etiological factors 
in congenital defects, pigmentary problems 
and human oncogenesis. 


Materials and Methods 


One hundred and ten patients seen and 
followed over the years at the Memorial 
Center for Cancer and Allied Diseases and 
the James Ewing Hospital in New York, 
constitute the clinical material. An addi- 
tional 10 patients seen at the University of 
Illinois Hospitals in Chicago have provided 
the required tissue speciments for histo- 
logic, histochemical and  ultrastructural 
studies. These ten patients are not included 
in the description of the final results of 
treatment. With the initiation of this study, 
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a questionnaire was sent to all patients 
with von Recklinghausen’s disease through 
which the up-to-date case histories of all 
the 110 patients were traced. One hundred 
of 110 patients returned for follow-up ex- 
amination and were individually examined 
by the authors. In 10 patients the question- 
naires and review of pathologic material 
provided the only historical data. Where 
possible, affected family members of pa- 
tients with a history of this disease were 
examined. Forty-one of 110 patients (37% ) 
died of associated complications of von 
Recklinghausen’s disease. The immediate 
cause and mode of death in these patients 
were ascertained. 

Histological Methods: Representative 
tissue specimens were fixed in neutral for- 
malin (pH 7.4) and processed and embed- 
ded for routine light microscopic studies. 
For histochemical studies, the tissues were 
immediately frozen and cryostat sections 
were cut for the study of oxidative and 
hydrolytic enzymes.? Tweens method 2° 
was for lipases and the butazolidine 
method *? was used for esterases through- 
out the study. 

Electron Microscopic Methods: Repre- 
sentative tissues were fixed in cacodylate 
buffered glutaraldehyde (pH 7.4) for 4 
hours and washed with cacodylate buffered 
sucrose solution for 18 hours for electron 
microscopy. The sections were then re- 


f 


fixed in veronal buffered 2% osmium te- 


troxide for one hour. Subsequently, thev 
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were processed in graded ethanol and em- 
bedded in Epon 812. Thick and thin sec- 
tions were cut in a Porter-Blum Microtome 
and thin sections were viewed in a RCA 
EMU 3H microscope. 


General Features 


. Sex, Ageand Race: Fifty-six patients were 
men and 54 were women (Table 1). In this 
study the disease was equally divided in 
both sexes. The preponderance of male pa- 
tients reported by other authors * 3 has not 
been seen in our series. 


Age of the patients when first seen 
ranged from immediately after birth to 50 
years. The majority, however, were seen 
before the age of 30 (Table 1). 


Ten of 110 (996) patients were black. 
This incident should reflect equal fre- 
quency among races. Multiple neurofibro- 
matosis is observed in all races and in 
every part of the world. 5 35, 38 


Incidence: Multiple neurofibromatosis is 
relatively rare. These 110 patients were 
collected in 20 years, representing five new 
patients per year. In 1918, Preiser and 
Davenport? reported that the incidence 
was approximately one in 2,000 patients. 
Crowe et al.5 estimated, that the frequency 
of this disease in the State of Michigan 
was one case in each 2,000-3,000 live 
births. 

Comparative Pathology: Analogous 
pathologic entities have been described in 
goldfish,?? turkeys ? and cattle.'? In goldfish, 
the peripheral nerve tumors are prominent 
in the limbus. Extra occular tumors are 
usually inconspicious in these fish. Schlum- 
berger ° studied the histologic character- 
istics of the limbic tumors and noted fre- 
quent accumulation of melanoblasts in the 
iris, resembling melanoma. Reese ?* ob. 
served the presence of fusiform Schwann 
cells containing pigment in human uveal 
tract tumors similar to malignant mel- 
anoma. This type of observation indicates 
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TABLE 1. Age and Sex When First Seen 
(110 Patients) 
Agein Years Males Females Total 

0-9 14 7 21 
10-19 11 10 21 
20-29 i2 7 19 
30-39 8 18 26 
40-49 6 6 12 
50-59 3 4 7 
60-69 2 2 4 


a close relation between Schwann cell and 
melanocyte. 


Genetic Factors: After the initial de- 
scriptions of neurofibromatosis by Tilesius,® 
Smith ** and von Recklinghausen”? evi- 
dence accumulated rapidly indicating that 
neurofibromatosis was a hereditary dis- 
order. Adrian! earlier this century, re- 
ported that among 447 cases 20% exhibited 
direct transmission. Preiser and Daven- 
port?9 attributed the disease to the pres- 
ence of a dominant gene. This general 
thesis has been widely accepted and af- 
firmed by independent observers.* * 35 
Crowe and colleagues? concluded that 
approximately 50 per cent of the patients 
have affected relatives and the distribution 
of cases are consistent with the hypothesis 
of a dominant gene. They further proposed 
that sporadic or isolated cases is the result 
of mutation to this dominant gene. 


In this series of 53 of 110 patients 
(48.2%) had affected relatives. Investiga- 
tion of the family history in these 53 pa- 
tients showed that there were approxi- 
mately 183 affected relatives (Table 2). In 
five families the disease was traced in four 
generations and in two of these they were 
all treated (Fig. 1). 


Endocrinologic Aspects: Although, we 
were not primarily interested in detailed 
endocrinologic studies in these patients, 
a number of apparent endocrine abnor- 
malities were found. Six male and four 
female patients had a significant degree of 
somatic underdevelopment and retardation 
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Fic. 1. Thirty-eight-year-old patient with two 
children. Cafe-au-lait spots are obvious in son 
but not as prominent in the daughter. The 
children have since developed stigmata of multiple 
neurofibromatosis. The patient’s father and grand- 
father also had von Recklinghausen’s disease. 


of sexual maturation. One illustrative case 
history is reported: 


Case Reports 


Case 1. An 18-year-old girl was first seen with 
full manifestations of von Recklinghausen’s 
disease and stunted growth. She was examined 
elsewhere at age 15 because her secondary sexual 
characteristics did not develop and failure to 
menstruate. Hypopituitarism was diagnosed based 
on clinical findings and a low BMR ( —34), 
decreased 17 ketosteroid excretion and X-rays 
showing delay in bone maturation. Under therapy 
the menses were established within 10 months. 
By age 16, cutaneous and subcutaneous nodules 
started to appear and the patient was referred 
here when she was 18 vear of age. 


It is not immediately apparent whether 
this type of retardation is a nonspecific 
manifestation of a disease whose tumors 
may encroach upon the normal functioning 
of every part of the body, or whether it is 
a reflection of a more specific endocrine 
disorder. 

Enlargement of thyroid gland was ob- 


served in five patients (4.5%). In none of 


these patients was hyperthyroidism ob- 
served. Swelling of thvroid in association 


with pheochromocytoma has been re- 


ported." Ruppert et al.*° reported a case of 


pheochromocytoma, neurofibromatosis and 
thyroid carcinoma. These authors postu- 
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lated that the cause of thyroid carcinoma 
was intermittent stimulation of thyroid 
tissue by catecholamines. In our series none 
of the five patients had increased cate- 
cholamine levels. 

The association of hyperparathyroidism 
with fibrocystic disease of the bone is well 
known. Thannhauser,** proposed an under- 
lying relationship between multiple neuro- 
fibromatosis and fibrocystic disease of the 
bones. A similar etiologic factor in these 
two entities is certainly possible and as 
such patients with neurocutaneous neuro- 
fibromatosis should be investigated for evi- 
dences of parathyroid hyperfunction. In 
our series no case of overt hyperpara- 
thyroidism with hypercalcemia was seen. 

An association of chromaffin tumors of 
the adrenal with neurofibromatosis has 
been reported and the incidence of neuro- 
fibromatosis in patients with pheochromo- 
cytoma apparently varies between 5 to 
237.1» =» "t Hume ** suggested a 4% over- 
all incidence of neurofibromatosis in pa- 
tients with pheochromocytoma. Only one 
patient had pheochromocytoma in our 
study. This low incidence in a large series 
is indeed noteworthy. Crowe et al. also 
found only one patient in their series of 
223 patients. It is reasonable to propose, 
therefore, that many so called endocrino- 
logic disorders associated with neurofibro- 
matosis are in reality the result of a con- 
genital anomaly of the central nervous 


TABLE 2. Family History* 
(53 Patients had affected relatives) 











Male Female 
Patients Patients Total 
Grand Parents 8 6 14 
Fathers 18 10 28 
Mothers 16 iF 33 
Siblings 35 31 66 
Children 14 18 32 


Others 


* [In five families the disease was treated in four 


generations. 
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Fic. 2. Low 
power view of a 
neurofibroma, note 
the myelinated and 
non myelinated fi- 
bers and a Schwann 
cell with abund- 
ance of collagen. 


( x 8000) 


system especially in the region of the third 
ventricle or in the neuroendocrine-axis. 

Mental Status: It is generally recognized 
that patients with von Recklinghausen’s 
disease have some degree of mental re- 
tardation? Borberg* was able to obtain 
intelligence quotient in his patients and 
the median LQ. ranged between 85-90, 
however, imbecilitv or idiocy was rare. We 
inquired into the background and the level 
of education of our patients. Eight of 110 
(7.2% ) reached the college level and only 
five completed 4 years of college. Majority 
of the patients (61%) had only grade 
school experience. Crowe et al.* suggested 
primary deficiency rather than secondary 
involvement of the central nervous system 
to be the cause of mental deficiency in this 
entity. 


Pathology of Neurofibromatosis 


A detailed narrative on classical lines will 
be superfluous and is beyond the scope of 
this report. Consequently, only the salient 
features will be briefly described. 

The pigmentation associated with neuro- 
fibromatosis is macular in nature and histo- 
logically consists of an abnormal deposition 
of melanin in the basal layers. The char- 
acteristic pigmentation has led to the de- 
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scriptive term of cafe-au-lait spots. These 
spots are essentially equal to large freckles 
with melanosis of the basal layers. We have 
not seen malignant melanoma arising in à 
cafe-au-lait spot in our series. 

The neurofibromas in von Reckling- 
hausen's disease are characterized by ir- 
regular overgrowth of Schwann cells, as- 
sociated with increase of reticulin and 
colagen and penetration by nerve fibers 
(Fig. 2). In contrast solitary schwannomas 
are encapsulated, rich in reticulin and have 
a more orderly architecture. A number of 
patients with solitary schwannomas were 
also seen in this series. Symptomatic benign 
schwannomas and/or neurofibromas were 
seen in 65 of 110 patients. This excludes 
the innumerable cutaneous mollusces ex- 
cised for cosmetic reasons. 

In von Recklinghausen s neurofibro- 
matosis the neurofibromas and schwan- 
nomas can occur in all parts of the cranio- 
cerebral axis as well as the peripheral 
nerves. When a neurofibroma affects a rel- 
atively large nerve, the affected nerve 
displays an irregular cylindrical enlarge- 
ment to which the name plexiform 
neurofibroma is often given (Fig. 3). Plexi- 
form neurofibromas are soft and elastic in 
texture, the cut surfaces are usually opales- 
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Fic. 3. Plexiform neuroma in a peripheral 
nerve of the upper extremity. Note the beaded 
appearance. 


cent, whitish and devoid of the whorled 
texture of the schwannoma. The cutaneous 
and visceral nodules are similar and have 
poorly defined borders. Pigmentation of the 
skin is often related to the cutaneous 
nodules. In plexiform 
neurofibromatosis leads to local elephanti- 
asis and redundant skin folds are extremely 
prominent (Fig. 4). 


some instances 


The general structure of a neurofibroma 
is that of a loosely textured growth in 
which 
hazardly, inside and outside the perineu- 
rium and are separated by the elongated 
cells and collagenous fibers collected to- 
gether and irregularly distributed. Dis- 
tinction between a neurofibroma associated 
with von Recklinghausen’s disease and soli- 
tary schwannoma is not always clear cut, 
for morphological features of both of these 
lesions frequently blend into each other. 


nerve fibers are arranged hap- 


Mast cells are frequently seen in neuro- 
fibromas and schwannomas (Fig. 5). In 
recent years, attention has been focused on 
the presence of mast cells in normal pe- 
ripheral nerves and peripheral nerve tu- 
mors. Gamble and Goldby *® found mast 
cells in the peripheral nerves of a variety 
of mammals including man. Pineada 2‘ in 
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an ultrastructural study of peripheral 
nerve tumors, demonstrated a large num- 
ber of mast cells in peripheral nerve tu- 
mors. The function of mast cells in these 
tumors is not clearly understood. Sev- 
eral possibilities have been suggested.” 
According to some, a correlation exists be- 
tween the presence of these cells and tumor 
growth. Czaba et al. have proposed a con- 
cept of mast cell inhibition of neoplasms 
by neutralization of tumors polysaccha- 
rides. Simpson ** in contrast, has postulated 
that epithelial hyperplasia may be a causa- 
tive factor in a local increase in mast cells 
in contiguous connective tissue. The in- 
crease in mast cell population may also be 
related to the increase in endoneurial col- 
lagen following nerve degeneration.? © 2% °° 
Therefore, it is apparent that several ex- 
planations can be put forward in order to 
explain the presence of mast cells in benign 


Fic, 4, Plexiform neuroma originating in the 
posterior cutaneous nerve of the thigh. The re- 
dundant skin folds are indeed prominent. 


Ann. Surg. - Jan. 1972 
Vol. 175 * No. 1 





VON RECKLINGHAUSEN'S DISEASE 01 


e 


Fic. 5. A mast cell from a subcutaneous neurofibroma these cells are frequently seen in 
these tumors. Significance of these cells are not yet clear. ( 16,000) 


neurofibromas or schwannomas. The signif- 
icances of these cells, however, still remain 
unexplained. 

The presence of melanin pigment on the 
overlying epidermis is a common feature 
of neurofibroma. Sometimes, a neurofi- 
broma contain groups of cells full of mel- 
anin and some such lesions are related to 
cellular blue nevi.” 

Histochemical study of neurofibromata 
and schwannoma has shown the presence 
of cholinesterase. Winkelmann ? has 
pointed out the usefulness of the enzy- 
matic reaction of cholinesterase in differ- 
entiating neural from non-neural tumors of 
skin and subcutaneous tissue. 

The tendency of neurofibromas to be- 


come malignant is generally recognized. 


But the incidence of such transformation 
is not well documented. Hosoi ** calculated 
from the literature that the incidence ol 
such a change was about 13% of all cases 
of von Recklinghausen’s disease. In our 
series, malignant degeneration was found 
in 32 (29%) of 110 patients. 

Malignancy is suggested by a sudden 
increase in size and shape of the tumors. 
[Increase in speed of growth is character- 
ized by a high degree of cellularity of the 
lesions. Russel and Rubenstein °! pointed 
out that two morphologic types viz neuro- 
fibroma and schwannoma can be found 
blended in a single large mass and each 
of the components can show histologic 
evidence of malignancy. Although in cer- 
tain patients the malignant form seems to 
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TABLE 3. Age of Onset by H istory 





Total 








Age of Onset Males Females 
At birth 15 11 26 
Before first year 10 10 20 
1-5 vears 8 6 14 
6-10 years 5 3 8 
11-15 years 10 8 18 
16-20 years 2 8 10 
21-25 years 2 3 5 
26-35 years 1 3 4 
36 and above 3 2 5 
Total 56 54 110 








arise de novo, usually a malignant trans- 
formation is preceded by a few recurrences 
of a seemingly benign neurofibroma or a 
plexiform neurofibroma. It is noteworthy 
that more than one malignant lesion can 
occur in a patient with von Reckling- 
hausen's disease. In this series three pa- 
tients had multiple independent malignant 
schwannomas. Of the three, one had two, 
one had three and the third patient had 
five primary lesions of which three were 
diagnosed simultaneously. This multiple 
simultaneous or subsequent occurrences of 
malignant schwannomata can easily be ap- 
preciated simply on the basis of number 
of benign neurofibromata. 

The general morphological and histo- 
logical characteristics of malignant schwan- 
noma found in association with von Reck- 
linghausen's disease are similar to those 
seen in solitary malignant schwannomata 7 
and will not be described in detail. 


Clinical Aspects of von Reckinghausen's 

Disease 

Clinical aspects of neurofibromatosis in 
general have attracted little attention be- 
cause diagnosis of a fully developed case 
is simple. It is important, however, to con- 
sider the initial complaints of this entity in 
order to have a clear understanding of the 
natural history of multiple neurofibomato- 
sis. For the sake of clarity, the presenting 
complaints were classified into the fol- 
lowing three categories: (1) Patients with 
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cosmetic reasons and who were unaware 
of the underlying disease process; (2) For 
unrelated causes, e.g., other systemic dis- 
eases; (3) For related causes which could 
be either an associated deformity or an 
accompanying tumor. 

Analysis of the presenting complaints 
show that 20 of 110 (18% ) patients sought 
medical opinion for cosmetic reasons, and 
they were unaware of their underlying dis- 
ease. Of the 20, four had family histories 
of multiple neurofibromatosis and one of 
the four, had a bathing trunk nevus. 
Twenty-five patients were first seen by 
their physician for unrelated reasons such 
as asthma, flu, etc. Sixty-five (59% ) were 
first seen because of conditions associated 
with von Recklinghausen’s disease. Of these 
42 had family histories of neurofibromatosis. 

Twenty-six patients (23.6%) were seen 
with von Recklinghausen’s disease at the 
time of birth, and 20 (18.1%) before the 
first year (Table 3). Sixteen per cent ap- 
parently developed the stigmata between 
the ages of 11 and 15. Five patients (4.5% ) 
developed the findings after the age of 36 
(Table 3). One of them presented with the 
clinical findings at the age of 49. His clini- 
cal history is described below: 





Fic. 6. A 49-year-old man has a unilateral neck 
mass without any accompanying symptoms. 
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Fic. 7. Dissected specimen from the neck. A large 
tumor is seen arising from the vagus nerve. 


Case 2. A 49-year-old man had a mass in the 
right side of the neck (Fig. 6). Examination 
showed a number of cafe-au-lait spots in the 
trunk and lower extremity. These apparently de- 
veloped within the year. Further questioning re- 
vealed that one paternal uncle had the stigmata 
of the disease, his son also had multiple cutaneous 
tumors. A right radical neck dissection was per- 
formed and a tumor of the vagus nerve was dis- 
sected (Fig. 7). The tumor was 13 X 8 X 10 cm, 
and weighed 350 Gm. On histological examination 
a diagnosis of sarcomatous change in a plexiform 


neuroma was made. 


Cafe-au-lait Spots on Macular Pigmenta- 
tion: Crowe et al.® investigated the genetic 
and clinical significance of these macular 
pigmentations, and from their studies, con- 
cluded that cafe-au-lait spots are pathog- 
nomonic findings of generalized neuro- 
fibromatosis. These authors suggested that 
any person with more than six cafe-au-lait 
spots which exceed more than 1.5 cm. in 
diameter must be presumed to have neuro- 
fibromatosis even in the absence of a posi- 
tive family history. We agree with this hy- 
pothesis as we have seen a number of pa- 
tients on whom the only initial evidence of 
neurofibromatosis was macular pigmenta- 
tions and they developed cutaneous tumors 
later in life. 
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In our series, 108 of 110 patients were 
observed to have cafe-au-lait spots. There 
were at least five spots distributed all over 
the body, measuring more than 1.5 cm. in 
maximum diameter. Majority of these pig- 
mented spots were present during birth 
and in all patients they were noticeable by 
the time they were 9 years of age. In men 
the intensity of the color of these spots in- 
creased up to puberty, and then remained 
stationary. In women, the areas became 
darker with pregnancy and generally lasted 
all through the gestational period. The re- 
turn to original lighter color, however, was 
entirely dependent on the number of preg- 
nancies of these patients. 

Cutaneous and Subcutaneous Tumors: 
These tumors varied in size from a few 
millimeters to about 20 cm. in diameter 
and were scattered all over. In our series, 
we have not recorded any patient who 
was born with these tumors. The majority 
initially appeared during puberty, the ear- 
liest appeared at 6 months of age and the 
latest at 18 years. By the fourth decade 
these tumors involved most of the body 
(Figs. Sa, b, c and 9a, b). 


Natural History of von Recklinghausens 
Disease 
When patients with von Recklinghau- 
sen's disease are followed through several 
decades, it is observed that involvement of 





Fic. 8a. This patient was 18 years of age when the 
first cutaneous tumor appeared in the palm. 
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Fic. 8b. Note the progression of the sub- 
cutaneous tumors in the forearm of the opposite 
hand at age 38. 


different organ system and neoplasm for- 
mation is frequent. In order to obtain accu- 
rate information about the evolution of this 
entity the patients were arbitrarily divided 
into five age groups (Tables 7-11). These 
are described below: 

A. Fate of Patients on Whom the Stig- 
mata of von Recklinghausen’s Disease 
(Table 4) was Diagnosed at Birth. 

Twenty-six patients (23.6%) were un- 
equivocally known to have been born with 
the stigmata of von Recklinghausen’s dis- 
ease. Of these 26, four were born with 
giant bathing trunk nevus (Fig. 10). Four- 
teen (54% ) of 26 developed symptomatic 
osseous deformities within 15 to 25 years. 
The commonest type of deformity was ky- 
phoscoliosis. Similar observations have been 
reported by Miller; and Heard and 
Payne. The usual vertebral anomaly is a 
low thoracic kyphoscoliosis, the cause of 
this is not yet clearly known. Heard et al. 
described a case where necropsy showed 
neurofibromatous infiltration of the af- 
fected vertebra. The following case briefly 
illustrates the protracted progression of the 
disease: 

Case 3. A male patient was first seen at 6 
months of age with stigmata of von Recklinghau- 
sen's disease. Father and grandfather of the child 
also had multiple neurofibromatosis. Examination 
showed an infant with multiple cafe-au-lait spots, 
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with one large pigmented area measuring 8 x 10 
cm. on the right side of the posterior trunk. No 
other abnormality was found and no therapy was 
recommended. The child was re-examined at the 
age of 6 when the previously observed large pig- 
mented area in the back was found to be raised 
and the underlving soft tissue was rubbery in 
consistency. This plexiform neuroma was excised. 
At 15 years of age, the first evidence of kyphosis 
was observed and by 23, the patient developed 
marked kyphoscoliosis. By the time patient was 
37 years old, he had severe vertebral deformity 
(Fig. 11) and all of the cutaneous tumors gener- 
ally increased. At age 45, he developed a large 
malignant schwannoma in the right flank, which 
was excised. The patient died elsewhere 2 years 
later with presumed metastatic disease in the 


lungs. 

Five of 26 (19%) of the patients devel- 
oped brain lesions before the age of 12. AII 
of the five succumbed either to the tumor 
or complications therefrom within 8 years 
of the diagnosis. The earliest diagnosis was 
within 2 years of birth and the latest by 
5 vears. 
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Fic. 8c. Innumerable subcutaneous tumors in the 
same patient's forearms at age 42. 
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Fic. 9a. (left) Same 
patient (as in Fig. 7) at 
age 40. 

Fic. 9b. (right) Same 
patient (as in Fig. 7) at 
age 46. 


The peripheral nerve tumors constitute 
one of the major neoplastic complications 
of this disease. Sixty-nine per cent of chil- 
dren born with stigmata of neurofibromato- 
sis developed one or more benign schwan- 
nomata by the age of 20, and 19% devel- 
oped malignant schwannoma by 40 years 
of age (Table 4). Benign schwannomata 
an be distributed all over the body, some- 
times they can produce considerable local 
deformity for which cosmetic surgery is re- 
quired (Fig. 11). 

In one patient, plexiform neuroma and 
sanglioneuroma was observed simultane- 
ously. This 3-year-old boy was first seen 
with a swelling of the left parotid gland 
which extended to the left neck and in- 
volved the left wall of the pharynx. All 
the tumor mass which arose from the left 
vagus could not be removed. Histological 
examination of the specimen consisted of 
plexiform neuroma with areas of ganglio- 
neuroma. Two years after the operation, 
the residual tumors started to regress and 
at age 25, there was no evidence of any 
tumor in the neck. 

The involvement of gastrointestinal tract 
was clinically apparent only after 25 years 
of age, irrespective of the age when the 
stigmata of von Recklinghausen's disease 
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TABLE 4. Fate of Patients in Whom Stigmata 
of Von Recklinghausen’s Disease Was 
Diagnosed at Birth 

(Total patients = 26) 








Average Time 


Type of Interval of 





Complications No. of Onset of These 

Associated Patients* Complications 
Osseous involve- 

ment 14 (54%) 6-25 years 
Central nervous 

system in- 

volvement 5 (1944) 2-8 vears 
Benign schwan- 

nomas 18 (69%) 18-20 vears 
Malignant 

schwannomas 5 (19%) 7—40 years 
Gastrointestinal 

tract involve- 

ment 2 (7.6%) 20-27 vears 
Vascular 

involvement 0 (0%) 0 
Mediastinal 

involvement 2 (7.6%) 25-29 years 
Other tvpes of 

cancers 


4 (15%) 12-48 vears 





* Often same patient had more than 1 system in- 
volvement. 

t One patient developed malignant schwannoma 
the age of 7. 


— 
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Fic. 10. 
stigmata of von Recklinghausen's disease 


Bathing trunk nevus in à child with 


was first identified. This will be discussed 
later. Two patients developed plexiform 
neuroma in unsual sites, one in the vulva. 
the other in the posterior mediastinum. 
Other tvpes of malignant tumors were 
noted four of 26 (15% ) patients. One 
patient develped thyroid cancer, one had 
melanoma and two had mammary cancer, 
The clinical history of the patient who de- 
veloped thyroid cancer is briefly described. 


mass in the 


Case 4. 


superior mediastinum and dorsal scoliosis. A plexi- 


A 6-year-old girl had 


form neuroma from the superior mediastinum. was 
excised. 
syndrome. 


Postoperatively she developed Horner’s 
Six years after the first operation, i.e., 
at 12 years of age, a 1 cm. nodule in the left thy- 
roid was noted. One year later, this nodule was 
found to be larger. A posterior cervical tumor 
was also noted. A mvelogram suggested spinal 
cord involvement along with cervical roots. At 
operation a carcinoma of the thyroid was found 
and she underwent a left thyroid lobectomy, radi- 
cal neck dissection and excision of posterior cervi- 
cal neuroma. Histological examination of the 
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specimen showed mixed papillary and follicular 
carcinoma of the thyroid with metastases to neck 
nodes. Patient remained well for 5 years and at 
age 18 required another excision of à neuro- 
fibroma from the level C and C. Bv age 22, she 
started to develop progressive loss of vision in 
right eye. When last seen at age 30 her entire 
trunk was studded with cutaneous tumors. 


B. Fate of Patients in Whom the Stig- 
mata of von Recklinghausen’s Disease was 
First Diagnosed Between one Month to 5 
Years (Table 5). 

There were 34 patients (31%) in this 
subgroup. Forty-one per cent of these pa- 
tients developed osseous complications and 
majority of these involved the vertebral 
column. Only occasional instances of long 
bone involvement were noted. The interval 

varied between 8-30 years and no specific 
time predilection for vertebral involvement 
could be made. 

34 (12%) showed associated 


Four of 





Fic. 11. Patient at age 37 with severe verte- 
bral deformity. He died 8 years later because of 
malignant schwannoma. 
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TABLE 5. Fate of Patients in Whom the Stigmata 
of the Disease Was First 1 Miagnosed Between 
1 Month to 5 Years 
(Total = 34 patients) 





Average Time 





Type of Interval of 

Complications No. of Onset of These 

Associated Patients* Complications 
Osseous in- 

volvement 15 (4460) 8-30 vears 
Central nervous 

system in- 

volvement 4 (12%) 5-10 vears 
Benign 

schwannomas 20 (59 4) 18-25 vears 
Malignant 

schwannomas 4 (12*) 25-30 vears 
Gastrointestinal 

tract involve- 

ment 4 (12%) 25-35 vears 
Vascular lesions 1 (2.9%) 31 years 
Mediastinal 

involvement 1 (2.9%) 22 vears 


Other types of 


cancer 3 (8.8%) 25-32 years 





* Often same patient had more than one system in- 
volvement. 


brain involvement and the patients with 
brain tumors succumbed to the disease be- 
fore the age of 15. The incidence of be- 
nign or malignant peripheral nerve tumors 
were similar to previously described group 
of patients. 

Three of 34 (8.8% ) patients were treated 
for malignancies not apparently related to 
von Recklinghausen’s disease. Two had 
melanoma and one had thyroid cancer. Of 
the two patients with melanoma, one was 
born with a bathing trunk nevus and mela- 
noma developed at the periphery of this 
nevus. 

C. Fate of Patients in Whom Stigmata 
of von Recklinghausen's Disease was First 
Diagnosed Between the Ages of 6 to 15 
Years (Table 6). 

In twenty-six patients (24% ) the disease 
was clinically diagnosed between 6 and 15 
years. The osseous complications were 
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mainly confined to the vertebral axis. How- 
ever, in this group two patients had symp- 
toms due to pressure erosion of the long 
bones. One complained of pain in the up- 
per end of the arm and the other had pain 
near the greater trochanter of the right 
femur. 

Three of 26 (11.5%) patients had in- 
volvement of the central nervous system 
and all three had involvement of the spinal 
cord alone. The cord was secondarily in- 
volved due to progression of the disease 
along the spinal roots. 

Peripheral nerve tumors followed the 
same order of frequency as the other two 
groups. The benign variety was more com- 
mon in vounger patients and the malig- 
nant lesions occurred in older age groups. 
The natural history of the malignant 
schwannoma were similar irrespective of 


TABLE 6. Fate of Patients in Whom Stigmata 
of the Disease Was First Diagnosed 
between 6-15 Years 
(Total patients = 26) 








Average Time 
Interval of 
Onset of These 
Complications 


Type of 
Associated 
Complications 


No. of 
Patients* 








Osseous in- 


volvement 12 (46') 28-35 vears 


Central nervous 
system in- 
volvement 3 (11.5%) 5-10 vears 

Benign 


schwannoma 18 (696%) 12-18 vears 


Malignant 
schwannomas 


12 (46') 30-35 vears 


Gastrointestinal 
tract in- 
volvement 4 (1554) 20-25 years 

Vascular 


involvement 1 (3.8%) 28 years 


Mediastinal 
involvement 25 and 


35 years 


2 (7.6%) 


Other types of 


cancer 3 (11.5%) 30-40 years 








* Often same patient had more than one system 
involvement. 
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TABLE 7. Fate of Patients in Whom Stigmata 
of the Disease Was First Diagnosed 
between 16-25 Y ears 
(Total patients — 15) 


Tvpe of Average Time Interval 


Associated No. of of Onset of This 
Complication Patients* Complication 
Osseous in- 7 (41%) 5 showed clinical and 


volvement radiological involve- 
ment concomittantly 
and in 2 others in- 
terval was 5&8 
years. 
Central nervous 1 (6.65%) Noted simultaneously 
system in- 
volvement 
Benign 9 (60%) 5 simultaneously and 
schwannoma remaining 4  be- 
tween 2-5 years 
Malignant 8 (53%) 5-18 years 
schwannoma 
Gastrointestinal — 1 (6.65%) 
tract in- 
volvement 
Vascular 2 (1355) 
involvement 
Mediastinal 0 0 
involvement 
Other types of 4 (2756) 
cancer 


10 years 


19 and 23 years 


10-20 years 


* Often same patient had more than one system in- 
volved. 


the time when the stigmata of von Reck- 
linghausen’s disease was first observed. 

Three of 26 (11.5% ) patients developed 
other types of malignant tumors (Table 9). 
Two had melanomas and one had carci- 
noma of the breast. 

D. Fate of Patients in Whom Stigmata 
of the Disease was First Diagnosed Be- 
tween 16 and 25 Years (Table 7). 

Fifteen of 110 (13.6%) patients fall in 
this group. Seven showed vertebral anoma- 
lies. Five of seven, were initially seen for 
kyphoscoliosis and large subcutaneous tu- 
mors. All patients stated that the pig- 
mented spots or cutaneous tumors devel- 
oped after puberty. In the remaining two 
pressure effects on the long bones were the 
initial presenting. complaint. 

One of 15 (6.6%) had paraplegia due 
to spinal cord involvement. Myelogram 
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showed compression at DIO to D12 level. 
On exploration, neurofibromata was found 
infiltrating the cord and the spinal roots. 
The disease progressed till she developed 
quadriplegia and died of intercurrent in- 
fection. 

benign schwannomas were frequently 
the presenting symptom in this group of 
patients and the stigmata of the disease 
was noted during the clinical examination. 
Eight (53%) of 15 developed malignant 
schwannoma within 5 to 8 vears of clinical 
diagnosis of von Recklinghausen's disease. 
Four patients developed other types of 
cancer; two were treated for thyroid cancer, 
one for melanoma and one for mammary 
cancer. 

E. Fate of Patients in Whom Stigmata of 
von Recklinghausen's Disease was First Ob- 
served. After 25 Years (Table 8). 

Four patients showed involvement of the 
vertebral column. All four were first seen 
because of kyphosis or kvphoscoliosis. One 





Fic. 12. A 9-year-old boy. Note the marked 
hypertrophy of the ear and diffuse plexiform 
neuroma of the face involving the parotid gland. 
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'TABLE 8. Fate of Patients in Whom Stigmata of 
Von Recklinghausen’s Disease Was First 
Diagnosed After 25 Years of Age 
(Total = 9) 





Type of No. 


Average Time Interval 
Associated of of Onset of This 


Complication Patients* Complication 


Osseous in- 

volvement 4 
Central nervous 

system in- 


all simultaneously 


volvement 0 0 
Gastrointestinal 

tract in- 

volvement 1 simultaneously 
Benign 

schwannoma 0 0 
Malignant 

schwannoma 3 all simultaneously 
Other types of 

cancer 2 5 and 7 years 
Miscellaneous 1 simultaneously 








* Often same patient had more than one system in- 
volved. 


patient had additional involvement of the 
gastrointestinal tract: 


Case 5. A 39-year-old woman had a history of 
bleeding per anum of 6 months’ duration. 
Examination revealed multiple cafe-au-lait spots, 
a tumor in the left breast and multiple cutaneous 
tumors. The mammary tumors were carcinoma 
and she had a left radical mastectomy. Axillary 
nodes were free of metastatic tumor. In view of 
persistent tarry stools an exploratory laporatomy 
was performed and multiple nodules in the small 
intestine were found (Fig. 13). The histological 
diagnosis of these lesions was neurilemmoma. She 
remained free of symptoms for 2 years and was 
readmitted with recurrent partial small bowel 
obstruction. A second celeotomy showed multiple 
neurofibromata in the jejunum and stomach, the 
larger ones were excised which alleviated the 
symptoms. In the ensuing 2 years her cutaneous 
tumors increased in number, but she remained 
free of abdominal symptoms. 


The incidence of malignant schwannoma 
at this age group is high. Three of nine pa- 
tients were primarily seen for malignant 
nerve tumors including one which was a 
retroperitoneal malignant schwannoma. It 
is emphasized that this category excludes 
all patients who developed malignant 
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schwannomas while under regular follow- 
up care. The clinical presentation of one 
such patient is briefly described: 

Case 6. This 40-year-old woman was first seen 
because of a large tumor in the right thigh. She 
apparently was a normal child without any 
stigmata of multiple neurofibromatosis. In her teens 
she developed some cutaneous tumors which were 
excised. At age 22 a similar tumor was excised 
from the vulva. Following this she gradually 
developed cutaneous tumors which attained the 
present proportion. On examination a 20 cm. 
tumor in the upper inner portion of the right 
thigh was observed. Pelvic examination showed 
the tumor to be extending into the pelvis. Biopsy 
revealed a malignant schwannoma. Patient under- 
went right hemipelvectomy. 


The tumor occupied the anterior and 
medial aspect of the upper third of the 
right thigh. Extending from the inguinal 
ligament and pubic ramus to the supra- 
patellar bursa below. The cut surface of 
the tumor was finely trabeculated, slightly 
edematous and pale grayish white. The 
tumor apparently displaced the femoral 
nerve laterally and was arising from the 
obturator nerve. The proximal margin of 
resection of the obturator, femoral and 
sciatic nerves was clear of any tumor in- 
volvement. One year after the operation 
she developed right sided malignant pleural 
effusion and died 6 months later. 





Fıc. 13. Multiple neurofibromata of the jeju- 
num and ileum. Excision of this segment con- 
trolled the gastrointestinal bleeding. 
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TABLE 9. Incidence of Associated Complications in 
Patients with Von Recklinghausen s Disease 
(Total 110 patients) 








No. of 

Type of Associated Complication Patients* % 
Osseous system involvement 52 47.2 
Central nervous system involvement 13 12 
Gastrointestinal tract involvement 12 11 
Vascular lesions involvement 4 3.6 
Benign schwannomata 65 59 
Malignant schwannomata 32 29 
Other types of cancer 16 14.5 


Miscellaneous cancer 5 4.5 


* Often same patient had more than one system in- 
volved. 


Two patients developed non-neurogenic 
malignant tumors. One had carcinoma of 
the breast and the other had cancer of the 
lung. The patient who had carcinoma of 
the breast also developed malignant 
schwannoma of the brachial plexus and re- 
quired an interscapulo-thoracic amputation. 


Prognostic Factors Affecting Patients 
with von Recklinghausen’s Disease 


The ultimate outcome of patients with 
von Recklinghausen’s disease, is dependent 
on the involvement of various organ sys- 
tems or specific types of somatic tissues. In 
this series, 47.1% patients had osseous in- 
volvement (Table 9). The major site was 
the vertebral column resulting in a number 
of vertebral deformities. Because of this 
type of deformity the pulmonary function 
was severely impaired in a number of pa- 
tients which resulted in a restricted life. 
Pressure effects of benign or malignant 
nerve tumors on long bones have been ob- 
served in 5% of our patients. The usual 
symptoms are pain and tenderness. The 
symptoms have not incapacitated any of 
the patients. It must be pointed out that 
this figure of 5% does not reflect the true 
incidence since only symptomatic patients 
were examined roentgenologically. In our 
series, no patient actually died of osseous 
complications. 
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The age when the stigmata was first di- 
agnosed (Tables 4-8) apparently did not 
influence either the type of bony involve- 
ment or the degree of incapacitation. The 
degree and severity of deformity is a func- 
tion of time, and we know of no way by 
which a prediction as to the degree of bony 
involvement can be made in patients with 
von Recklinghausen's disease. 

The involvement of central nervous sys- 
tem was characterized by the presence of 
tumors of the brain on one hand, and in- 
volvement of spinal cord through extension 
along the spinal roots on the other. In our 
series, 12% of the patients had involve- 
ment of the central nervous system ( Table 
9). Nine patients (895) had tumors of the 
brain. These tumors were evenly distrib- 
uted and belonged to the group of 
gliomas. In patients with brain tumors the 
symptoms became clinically recognizable 
before the age of 10 (Table 10). Of the 
nine, seven were dead at the time of this 
report and four came to autopsy. In these 
four, the tumor involved the optic chiasm 
and various areas of fore and mid brain. 
The two living at age 14 and 16 are totally 
blind and have been institutionalized. 
Treatnent of associated brain tumor is a 
vexing problem and we know of no method 
by which the course of the disease can be 
changed. 


TABLE 10. Associated Neurogenic Tumors 


A. Related to C.N.S. 


No. of Age Commonly 
Patients 95 Seen 
Cerebra] Tumors 9 8 before 10 years 


Spinal Cord Lesions 4 3.6 20-30 years 


B. Related to Peripheral Nerves 


No. of Age Commonly 
Cases % Seen 
Benign 65 59 0-19 years (75%) 
20-29 years (15%) 
Malignant 32 29 30 or above 
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Four patients had definite clinical evi- 
dence of spinal cord involvement leading 
to paraplegia or quadriplegia. In our group, 
only those patients in whom stigmata of 
multiple neurofibromatosis were observed 
after 6 years of age showed spinal cord 
involvement, and the symptoms appeared 
between 20-25 years. In contrast to brain 
tumors, spinal cord lesions were usually 
extensions of the neurofibromata proximally 
along the spinal roots and secondarily in- 
volving the cord. As in patients with brain 
tumors, the management is entirely pallia- 
tive and the patients usually die of com- 
plications which develop after involvement 
of the spinal cord. 

From our study, it is possible to postu- 
late that in multiple neurofibromatosis the 
brain involvement is due to a separate neo- 
plasma. The clinical symptoms are usually 
manifested before the age of 10 and 
majority of patients die before reaching 
adulthood. The spinal cord involvement, in 
contrast, is due to direct extension of the 
nerve tumors and it usually takes between 
20 to 25 years before the cord is actually 
involved. Of the four with spinal cord in- 
volvement three died within 2-7 years of 
initial clinical manifestation. In only one of 
three an autopsy was performed which 
showed complete replacement of the 
thoracic spinal cord with neurofibromatosis. 
The cause of death was attributed to inter- 
current infection. The fourth patient is still 
living 9 years after the onset of paraplegia 
and is institutionalized. 

Symptomatic benign peripheral nerve 
tumors were seen in 65 (5995) of the pa- 
tients (Table 9). The tumors were either 
pure schwannomas or occasional neurofibro- 
mata or mixed histological types. These 
tumors were commonly seen before the 
patients were 30 years old (Table 10) and 
most patients presented with a mass. The 
management of benign schwannoma in 
these patients is similar in principle to that 


described for solitary benign schwan- 
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TABLE 11. Associated Malignant Tumors 


Type of Malignancy No. of Patients % 
Melanoma 6 5.4 
Carcinoma of Thyroid 4 3.6 
Carcinoma of Breast 5 of 54 9 
Carcinoma of Lung 1 0.9 


nomas.® Seventy-five per cent of benign 
schwannomata occurred before the age of 
19 and 15% between 20 and 29 years. 
Therefore, it is suggested that a nerve 
tumor in young patients with von Reckling- 
hausen’s disease should be considered be- 
nign, till adequate proof of malignancy is 
obtained. Otherwise needless radical 
surgery will be performed on clinical 
grounds alone. 

The overall incidence of malignant 
schwannomata in this series was 29%. This 
probably represents the true incidence of 
peripheral nerve malignancy in von Reck- 
linghausen’s disease. Twenty-seven of 32 
patients were above the age of 30 years 
(Table 10). Of 18 followed over 50 years 
of age, nine were treated for malignant 
schwannoma. If a patient with von Reck- 
linghausen’s disease survives for 50 years or 
longer his chances of developing a malig- 
nant nerve tumor are extremely high. Pain, 
sudden enlargement of a pre-existing mass, 
or the occurrence and rapid growth of a 
new tumor in an adult patient should sug- 
gest the onset of sarcoma. Whether, the ma- 
lignant tumor arises ab initio or is a product 
of malignant degeneration of a pre-existing 
benign schwannoma is a moot point, It is 
doubtful if a positive conclusion can ever 
be reached. Since this histogenetic contro- 
versy does not alter either the management 
or prognosis, we take no stand on this issue. 
However, we accept the hypothesis that 
malignant degeneration of a pre-existing 
benign schwannoma is a possibility." 

The relationship between the tumors of 
the sympathochromaffin system and von 
Recklinghausen's disease has been reported 
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by several authors." 17. 2% 34 We have not 
observed an increased incidence of the 
tumors of sympathochromaffin system in 
our patients with neurofibromatosis. It is 
not possible from our material to estimate 
the influence of such tumors on prognosis 
in these patients. 

Sixteen (14.5%) of these patients devel- 
oped second primary cancer. Whether this 
high incidence of second primary cancer is 
purely coincidental or has some relation- 
ship with the underlying pathologic 
changes of multiple neurofibromatosis is 
difficult to assess. It has been suggested that 
medullary carcinoma of the thyroid has a 
different histogenetic origin from the other 
types of thyroid cancer. It has been re- 
ported by Hill et al? that this type of 
thyroid cancer is associated with mucocu- 
taneous neuromata. Although in our series, 
we did not observe any medullary cancer 
of the thyroid, we think this hypothesis 
needs further investigation. To what ex- 
tent the underlying neurofibromatosis in- 
fluences the prognosis in patients with 
cancer in unknown. It is noteworthy, how- 
ever, that all patients with carcinoma of 
the breast died within 5 years of the di- 
agnosis of mammary cancer. We believe 
that underlying neurofibromatosis increases 
the risk in patients with cancer and when 
a larger series is collected it will possibly 
point to a worsening of the prognosis in 
cancer patients with underlying neuro- 
fibromatosis. 


Summary and Conclusions 


Multiple neurofibromatosis is a rare syn- 
drome characterized by abnormal cuta- 
neous pigmentation and numerous skin 
tumors. Of 56 men and 54 women, 53 
(48% ) had affected relatives. In five fami- 
lies the disease occurred in four genera- 
tions. One pair of identical twins had 
neurofibromatosis. In each familial case the 
distribution was consistent with the hypoth- 
esis of dependence on a dominant gene. 
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Although no measurable criteria were used 
it was felt that a large number of these pa- 


tients were subnormal in intelligence. Gné * = ' 


hundred and eight patients had multiple 
cafe-au-lait spots on the body and in most 
cases these were noted prior to the appear- 
ance of cutaneous neurofibromata. The 
striking feature of neurofibromatosis is the 
high incidence of peripheral nerve tumors. 
Sixty-five (59.1% ) had plexiform neuromata 
requiring surgical intervention. These oc- 
curred throughout the body and occasion- 
ally were seen in the parotid gland, scalp, 
neck and in intraoral locations. Approxi- 
mately 75% of the benign neurofibromata 
were first seen between 0-19 years and 
15% between 20-30 years. In older pa- 
tients, the incidence of malignant change in 
pre-existing benign neuromata or the ap- 
pearance of a malignant schwannoma in 
an unrelated site was extremely high. Of , 
the 18 patients followed over the age of 50, 
nine developed malignant schwannomas. 
In some patients more than one site has 
shown malignant degeneration during the 
period of follow-up. Nine patients had 
cerebral tumors and four had tumors of the 
spinal cord. Five patients ( 4.576) had 
mediastinal neurogenic tumors and 12 pa- 
tients (10.9%) showed involvement of 
some part of the gastrointestinal tract with 
neurogenic tumors. Plexiform neuroma in- 
volved vulva in approximately 5.5% of the 
patients. 

Several types of non-neurogenic malig- 
nant tumors were found. Six patients 
(9.4% ) were treated for malignant mel- 
anoma. Of these, two patients had bathing 
trunk nevi and one patient developed 
melanoma in the periphery of a large nevus 
unilateralis. Five of 54 female patients 
(956) were treated for carcinoma of the 
breast, one of whom had bilateral mam- 
mary cancer. Four patients had thyroidec- 
tomy for carcinoma of the thyroid. One 
patient developed carcinoma of the lung. 
Lipomata, angiomata and other types of 


È T "Ebimàtosis Àn obvious endocrine distur- 

‘ bance was observed in only one patient 
who had a pheochromocytoma. The osseous 
maniféstations of the disease were found to 
affect the vertebral system and consisted 
primatly of erosive changes, scoliosis, dis- 
orders of growth. 
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"benign soft somatic tissue tumors were 
Aifrequéntly -associated -with multiple neuro- 


It is concluded, therefore, that patients 


with multiple neurofibromatosis are highly 
prone to develop malignant nerve tissue 
tumors and/or other types of malignant 
tumors. Furthermore, it is postulated that 
the association with malignant melanoma 
is not purely fortuitous and needs further 
investigation. This disease, therefore, pro- 
vides the clinician with an unique biologi- 
cal model to study the genetic traits, etio- 
logical factors in several congenital defects, 

+ pigmentary problems and finally any on- 
cologic findings in a living patient. 
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Collateral Arterial Blood Supply of the Liver 


after Hepatic Artery Ligation, Angiographic 


Study of Twenty Patients 
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COLLATERAL arterial circulation to the 
liver has been extensively studied both in 
man and in animals, * 5/15 11 Experimental 
excision of hepatic artery in dogs was be- 
lieved to result in the development of col- 
laterals via phrenic artery? In man, at 
least 26 possible routes of collateral blood 
supply to the liver were demonstrated after 
200 dissections.’ 

Plengvanit and associates? reported 40 
cases of primary carcinoma of the liver 
treated by hepatic artery ligation. Tempo- 
rary tumor regression was obtained after 
operation, and the failure to response could 
be demonstrated in some cases to be due 
to collateral arterial circulation to the liver. 
Düx and associates? reported the similar 
findings in three patients with occlusion of 
hepatic artery. 

This paper reports the formation of col- 
lateral arterial supplv to the liver in pa- 
tients with primary carcinoma of the liver 
after treatment with ligation of hepatic 
artery. 


Material and Methods 


Twenty patients, 16 men and four women 
with age ranging from 16 to 68 years were 
subjected to this study. The diagnosis in all 
cases were confirmed histologically by nee- 
dle or surgical biopsy. There were 1l hep- 


Submitted for publication March 5, 1971. 


105 


atocarcinomas, four cholangiocarcinomas 
and five undifferentiated cell carcinomas. 

In all instances, hepatic artery was li- 
gated as closely to the liver as possible.’ In 
seven cases, separate ligation of the right 
and left hepatic artery were possible. Com- 
mona hepatic artery was ligated in 13 cases. 
After collaterals from splenic hilum had 
been demonstrated in some cases, ligation 
of splenic artery was additionally per- 
formed in the last three cases and in one 
case left gastric artery was also ligated. 

Angiography was performed, once before 
and one or more times after hepatic artery 
ligation. Through percutaneous puncture 
of a femoral artery, an Odman-Ledin yel- 
low catheter was inserted and 40 ml. of 
radioopaque substance was injected by an 
automatic injector at pressure of 4 Kg. 
/cm?, Serial films were taken at a speed 
of 2 pictures per second. 

In order to search for accessory or aber- 
rant hepatic artery, aortography was per- 
formed preoperatively in all cases except 
one (Case 11). The catheter could not be 
inserted into coeliac artery in 12 cases. 
Superior mesenteric artery was catheter- 
ized in one case. Altogether there were 19 
aortographies, eight coeliac angiographies 
and one superior mesenteric angiography 
performed before the ligation. In the post- 
operative period, there were 23 aortogra- 
phies, 14 coeliac angiographies and two 
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T 
Case Cell 
No. Type* 
l. H 
pA H 
3. C 
4, H 
5. U 
6. H 
7. U 
8. U 
9. C 
10. U 
f. H 
i2. H 
13. H 
14. H 
15. H 
16. C 
i. H 
18. H 
19. U 
20. C 


Site of** 
Ligation 





Common H.A. 


KR. & L: HA. 


Common H.A. 


Common H.A. 


K ELA: 


Common H.A. 


R. &. L. H.A. 


R. & LHA, 


Common H.A. 
Common H.A. 


Common H.A. 


Common H.A. 


Common H.A. 


Common H.A. 


Common H.A. 


R. &. L. HA. 


Common H.A. 


R. & L. H.A., 
S.A. 


Common H.A. 


S.A. 


PLENGVANIT AND OTHERS 
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ABLE 1. Showing Cell Types, Sites of Ligations, Angicgraphies and Origins of Collaterals 








Angiography 
Pre-op. Post-op. Origins of Collaterals 
Coeliac 2 wk.Coeliac, Splenic hilum 
aortogram aortogram 
12 wk. Coeliac, 
aortogram 
Aortogram 24 wk. Aortogram, Pancreaticoduodenal 
superior (accessory H.A. from 
mesenteric superior mesenteric) 
Aortogram 2 wk. Coeliac, Inferior phrenic 
aortogram Splenic hilum 
Aortogram 3 wk. Aortogram Proximal portion of ligated 
H.A. 
Coeliac 2 wk. Aortogram, Inferior phrenic 
aortogram aberrant (aberrant left H.A. from 
LEHA, aorta) 
angiogram 
Aortogram 2 wk. Aortogram Subcostal 
superior 
mesenteric 
Coeliac 2 wk. Coeliac, Splenic hilum 
aortogram aortogram Pancreaticoduodenal 
7 wk. Coeliac, Inferior phrenic 
aortogram Gastroduodenal 
12 wk. Coeliac, 
aortogram 
Coeliac 2 wk. Coeliac, Splenic hilum 
aortogram aortogram Pancreaticoduodenal 
Aortogram 4 wk. Aortogram Unidentified i 
Coeliac 2 wk. Coeliac, Unidentified 
aortogram aortogram 
Coeliac 6 wk. Coeliac Splenic hilum 
Inferior phrenic 
Aortogram 1 wk. Aortogram Subcostal 
Inferior phrenic 
Proximal portion of ligated 
H.A. 
Aortogran 8 wk. Coeliac, Unidentified 
aortogram 
Aortogram 10 wk. Coeliac, Gastroduodenal 
aortogram Splenic hilum 
Inferior phrenic 
Aortogram 20 wk. Coeliac, Unidentified 
aortogram 
Aortogram 2 wk. Aortogram Inferior phrenic 
6 wk. Aortogram (accessory R. H.A. from 
superior mesenteric) 
Aortogram 2 wk. Aortogram Unidentified 
Coeliac 2 wk. Coeliac, Accessory H.A. from 
aortogram aortogram coeliac 
Aortogram 2 wk. Aortogram, L. gastric 
superior (accessory H.A. from 
mesenteric superior mesenteric) 
Coeliac 2 wk. Coeliac, Gastroduodenal 
aortogram aortogram 





* H = Hepatocarcinoma, C = Cholangiocarcinoma, U = Undifferentiated cell Carcinoma. 


** H.A. = Hepatic artery; S.A. = Splenic artery; L. G.A. = Left gastric artery. 
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superior mesenteric angiographies. In all 
cases in which angiography of coeliac ar- 
tery was performed before operation, re- 
peated coeliac angiography was possible 
after operation except in only one instance 
(Case 5). These were done at various in- 
tervals, ranging from 1 to 24 weeks and in 
12 cases it was performed 2 weeks after the 
hepatic artery ligation. 


Results 


Altogether one pathway of collateral was 
demonstrated in nine patients, two path- 
ways in seven patients, three pathways in 
two patients and four pathways in one 
patient (Table 1). 

Collateral arterial circulation via right 
inferior phrenic and subcostal arteries were 
found to be the most common pathways 
and these were encountered in nine cases. 
In all instances, enlargment of these arte- 
ries in comparison with the left ones and 
fine vessels communicating with branches 
of hepatic artery were constant findings 
(Fig. 1). From gastroduodenal artery, 
proximal portion of ligated hepatic artery, 
superior and inferior pancreaticoduodenal 
arteries, collateral arteries developed in 
eight instances. These could be demon- 
strated by coeliac angiogram and superior 
mesenteric angiogram as well (Fig. 2, 5c, 
5d). At splenic hilum, both left gastric and 
splenic arteries gave rise to the collaterals 
in seven cases (Figs. 2, 5b, 5c,). Moreover, 
in five patients there were fillings of intra- 
hepatic branches of hepatic artery during 
angiography but the origins could not be 
identified. There were one aberrant hepatic 
artery originating from aorta (Fig. 3) and 
four accessory arteries, one from coeliac 
(Fig. 4) and three from superior mesen- 
teric artery. 

Preoperative coeliac angiogram of one 
case (Case 7) showed a small, straight, 
anastomosing artery between splenic hilum 
(probably left gastric artery) and a branch 
of left hepatic artery. Two weeks after liga- 
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Fire, - 1. 


(Case 12) Aortogram 1 week after 
hepatic artery ligation (X) showed enlargement 
of right inferior phrenic and subcostal arteries 
( arrows ). 


tion of the right and left hepatic arteries, 
this artery was widened. There was for- 
mation of collateral networks from gastro- 
duodenal and pancreaticoduodenal arteries. 
Subsequent angiogram at 12 weeks showed 
further enlargement of this artery and the 
development of the aforementioned net- 
works was more pronounced (Figs. 5a, b, 


c, d). 


Discussion 


The blood supply of both primary and 
metastatic carcinoma of the liver, studied 
by means of injection of contrast dye and 
radioopaque materials into hepatic artery 
and portal vein, was derived almost exclu- 
sively from the hepatic artery, whereas up 





Fic. 2. (Case 14) Coeliac angiogram 10 weeks 
after ligation (X) showed networks of collaterals 
from pancreaticoduodenal arteries and splenic 
hilum to the right and left hepatic arteries 
(arrows ). 


108 PLENGVANIT AND OTHERS 





Fic. 3. (Case 5) Angiogram of aberrant left 
hepatic artery (not visualised in the preoperative 
aortogram ) two weeks after ligation of right hepa- 
tic artery showed extensive blood supply to the 
left lobe and filling of the right hepatic artery to 
the site of ligation ( X). 





Fic. 4. (Case 18) Coeliac angiogram two 
weeks after ligation of right and left hepatic and 
splenic arteries (X) did not show collaterals from 
splenic hilum. Accessory hepatic artery from coe- 
liac artery (not visualized in the preoperative 
angiogram) was visible (arrow). 





Preexisting anastomosing 


Pi o Ds 
(arrow) between splenic hilum and left hepatic 
artery was demonstrated. 


artery 
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to 75 per cent of blood supplv of normal 
liver is obtained from portal vein.^ '* Liga- 
tion of hepatic artery could henceforth 
cause regression of tumors by depriving 
them from their blood supply. Clinical ob- 
servations had shown that this procedure 
resulted in only temporary regression of 
the tumor due to development of collateral 
arterial circulation.‘ 
The collaterals 
early as 1 week after ligation (Case 12) 
and there was progressive enlargement of 


developed rapidly as 


the arteries in the subsequent angiograms 
(Case 7). This agrees well with our result 
in the study of regional liver blood flow 
using "Xenon. We measured the blood 
flow at the same areas, both carcinomatous 
and normal tissues with the aid of peri- 
toneoscopy before and after hepatic artery 
ligation. The flow was temporarily reduced 
and in all instances it returned to the pre- 
operative level within 4 weeks.’ 

Attempts to deprive the liver carcinoma 
from its arterial blood supplv had been 
reported for many vears, usually by hepatic 
artery ligation. Loughridge and associates 
tried the total dearterialization of the liver 
by hepatic artery ligation and division of 
falciform ligament, omentum and dia- 
phragm from the liver.^ Complete dearte- 
rialization of the liver in the presence of 
extensive. primarv carcinoma of the liver 
is extremely difficult, if not impossible. The 





Fic. 5b. Two weeks after ligation showed 
widening of the artery ( arrow ). 


~ 
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patient usually has some degree of portal 
hvpertension and bleeding is troublesome 
during the dissection. Besides this, theo- 
retically all Michel’s 26 collateral pathways 
have to be interrupted in order to achieve 
a complete dearterialization. We have 
added splenic and left gastric artery liga- 
tion close to their origins because they are 
more accessible and, as we have proved, 
they can give rise to collateral pathways. In 
our three cases with this procedure, these 
collaterals are either scanty or not visu- 
alized (Fig. 4). 

Preoperative search for accessory or aber- 
rant hepatic arterial blood supply has 
failed to visualize them because the caliber 
of the vessels was too small then. Post- 
operatively these vessels were widened and 
therefore could be visualized only after the 
collateral circulation had developed. More- 
over the collateral vessel which was dem- 
onstrated before ligation was not possible 
to be identified during the operation (Fig. 
Da). 

The collateral blood flows to the liver 
in all directions. If the collateral vessel en- 
ters the liver peripherally, the blood fills 
branches of hepatic artery retrogradely. 
Figure 2 showed retrograde filling of the 
distal portions of hepatic artery one second 
after injection of opaque media while their 





Fic. 5c. Twelve weeks after ligation, further 
enlargement of the artery (arrow). Pronounced 
collaterals from gastroduodenal artery was also 
visible. 





Fic. 5d. Aortogram 7 weeks after ligation 
showed collaterals from inferior phrenic, gastro- 


duodenal and 
( arrows ). 


pancreaticoduodenal arteries 


proximal portions had not yet been filled. 
The intrahepatic arterial anastomosis is ex- 
tensive (Fig. 3). This demonstrates that 
wherever the collateral circulation enters 
the liver, it can supply both lobes of liver. 


Summary 


Development of collateral arterial circu- 
lation to the liver after hepatic artery liga- 
tion was studied by means of angiography 
in 20 patients with primary carcinoma of 
the liver. There were 28 angiographies 
performed before the ligation and 39 angi- 
ographies after the operation. Collateral 
circulation via right inferior phrenic and 
subcostal arteries was the most common. 
The others were gastroduodenal artery and 
its branches, inferior pancreaticoduodenal, 
splenic, left gastric arteries and unidenti- 
fied ones. Subsequent postligation angio- 
grams showed progressive enlargement of 
these collateral arteries. 
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Primary Cause of Unsuccessful Liver and 
Heart Preservation: 


Cold Sensitivity of the ATPase System 


Davin R. Martin, F.R.A.C:S., F.R.C.S., Davin F. Scorr, M.S., F.R.CSS,, 
GLENN L. Downes, B.S., FoLkeRrr O. BEeLzern, M.D. 


F rom the Depariment of Surgery, University of California Medical Center, 
San Francisco, California 94122 


EXCELLENT immediate and long-term re- 
nal function has been obtained in dogs 
. „after preservation of kidneys for 24 to 72 
' hours? and in man, after 50 hours of pres- 
ervation.? In contrast, 24-hour preservation 
of liver * and heart? has proved to be in- 
adequate for consistent survival of animals 
after orthotopic transplantation of these or- 
gans. The present study was designed to 
investigate this disparity. 

In previous studies we observed a pro- 
gressive rise in potassium concentrations 
in the perfusate during perfusion of liver 
and heart. The normal intracellular concen- 
trations of sodium and potassium are main- 
tained by an energy-dependent cation 
transport system in the cell membrane.* 17 
The enzyme system Na + K activated aden- 
osine triphosphatase (ATPase) uses energy 
provided by hydrolysis of ATP to expel 
sodium from the cell and accumulate po- 
tassium. Although this system is a universal 
component of cellular tissues,’ kidney tissue 
possesses greater ATPase activity at normo- 
thermia than does either liver or heart." $ 
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Hypothermia depresses ATPase activity in 
tissues so that sodium and water enter the 
cell and potassium moves out.!® 1% 15 Since 
this exchange leads to progressive cellular 
destruction,?® retention of intracellular elec- 
trolytes is a primary requirement for suc- 
cessful organ preservation. 

To determine the reason for the differ- 
ences among the three organs, tissue elec- 
trolyte studies were performed after 24-hour 
perfusion preservation of kidney, liver and 
heart as well as after incubation of tissue 
slices of these organs in plasma at 10° C. 
The cardiac glycoside, ouabain, which spe- 
cifically inhibits the ATPase system,* was 
used to determine the presence or absence 
of cation transport. Finally, the relation- 
ship between temperature and ATPase 
activity in kidney and liver slices was de- 
termined. by incubating the slices at tem- 
peratures ranging from 0° to 37? C. 


Methods 


Preparation of Perfusate and Incuba- 
tion. Medium. Homologous plasma was 
used for perfusion of whole organs and for 
incubation of tissue slices. Plasma stored at 
—20* C. was rapidly thawed at 45? C. and 
passed through a prefilter and membrane 
filters of pore size 1.2, 0.45, and 0.22 y. 
Magnesium sulfate, 8.12 mEq., hydrocor- 
tisone 100 mg., insulin 80 units, phenol- 


112 MARTIN, SCOTT, DOWNES AND BELZER 


TABLE 1. Loss of Tissue Potassium after 24-hour 
Perfusion of Whole Organs l 


Kidney Heart Liver 


Control 313.9 + 27.8 355.6 + 32.8 274.1 + 16.1 


Post- 
perfusion 248.0 + 16.5 288.04 15.2 127.7 + 16.1 
Percentage 


loss 21% 35.8% 53.5% 


Values are expressed as potassium mEq/Kg. dry 
weight. 

Control values in kidney are the mean + S.D. of 20 
slices, Postperfusion kidney values are the mean Æ 
S.D. of 10 slices. Control and postperfusion values in 
heart are the mean + S.D. of 10 slices each. Control and 
postperfusion values in liver are the mean of - S.D. 
of 5 slices each. 


sulfonphthalein (PSP), 10 mg., and peni- 
cillin, 200,000 units, were added to each 
liter of plasma. Water and mannitol were 
added to adjust the osmolality to 300 
mOsm./Kg. water and final electrolyte con- 
centrations to sodium 140 mEq./I. and po- 
tassium 5 mEq./l. Ouabain was used in the 
incubation medium, where indicated, in a 
concentration of 500 uM. in each 5 ml. of 
plasma. 

Organ Perfusion. Canine kidneys and 
hearts, and porcine livers were used in this 
study. The kidneys and hearts were given 
an initial washout with Ringers solution 
which contained procaine and heparin. The 
potassium concentration was raised to 35 
mEq./l for the washout of the liver, as 
suggested by Abouna. The method of per- 
fusion preservation was similar in principle 
for each organ and consisted of perfusion 
with homologous cryoprecipitated plasma 
at 10° C., in a circuit containing a mem- 
brane oxygenator and pulsatile pump.’ 
Slices were taken for analysis at the end 
of 24 hours of perfusion. Control slices of 
liver were cut from large biopsy specimens 
removed before hepatectomy. Since re- 
moval of large biopsy specimens could 
prevent satisfactory perfusion of kidney or 
heart, control values for these organs rep- 
resent the normal tissue values obtained in 
the subsequent experiments. 
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Incubation of Tissue Slices. To permit 
comparative studies of different tissues in 
the same enimal, canine kidney, liver and 
heart were used for incubation studies. The 
organs were removed from anesthetized 
adult dogs and placed in a dry beaker in 
ice. Kidney slices were restricted to the 
renal cortex and heart slices to the left ven- 
tricular myocardium, Slices 100 to 300 mg. 
in weight were cut with a Stadie Riggs 
microtome, rapidly blotted on hardened 
filter pape-, and placed in 5 cc. of medium 
in 50 ral. Ehrlenmeyer flasks set in Dubnoff 
shakers. Flasks were gassed with a mixture 
of 100% ozygen and a small concentration of 
CO, to maintain pH, corrected for tempera- 
ture, between 7.4 and 7.5. The Dubnoff 
shakers were oscillated at 100 cycles per 
minute and maintained the medium at 
+ 1° C. of the required temperature. All 
incubation studies lasted for one hour. 

Tissue Analysis. After perfusion of whole 
organs or incubation of slices, wet weights 
were determined on an analytical balance 
after uniform .blotting of each slice with 
hardened filter paper. Each slice was 
weighed in a preweighed silver cup and 
dried in a vacuum oven at 105? C. for 24 
hours. The slices were then removed, cooled 
to room temperature in a dessicator flask 
and reweighed to determine the dry weight. 
Tissue scdium and potassium determina- 
tions were made by flame photometry after 
digestion of tissues by concentrated nitric 
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Fic. L Loss of potassium and gain in tissue 
sodium after 24-hour perfusion of whole organs. 
Control values are taken as 100%. K mEq./Kg. 
dry weight. Na mEq./Kg. wet weight. 
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acid for 24 hours. Preincubation control 
values were determined by the same pro- 
‘cedures. 


Experiments 


Three groups of experiments are reported. 

1) The tissue electrolyte changes occur- 
ring during hypothermic (10° C.) plasma 
perfusion of the canine kidney and heart 
and porcine liver were determined by 
analysis of slices taken before and after 
organ perfusion for 24 hours. 

2) Slices of canine kidney cortex, liver 
and heart tissue were incubated in plasma 
with and without ouabain, at 10? C. for 
one hour, to determine the presence or ab- 
sence of ATPase activity at this tem- 
perature. 

3) Slices of canine kidney cortex and 
liver were incubated for one hour at tem- 
peratures ranging from 0° to 37? C. in 
plasma with and without ouabain, to dem- 
onstrate the temperature range of ATPase 
activity in these tissues. 


Results 


Tissue sodium and potassium concentra- 
tions were calculated from the sodium and 
potassium determinations of the nitric acid 
tissue digest and the dry and wet weight 
of tissue. In view of the high sodium and 
low potassium concentrations in the extra- 
cellular compartment, tissue sodium is best 
expressed as mEq./Kg. wet weight and 
tissue potassium as mEq./Kg. dry weight. 
This minimizes the error which could arise 
from inconsistent blotting. As the high con- 
centration of extracellular sodium tends to 
mask intracellular sodium changes, changes 
in the potassium content of the whole slices 
best reflect intracellular cation changes. 

Experiment 1. After whole organ per- 
fusion for 24 hours, 21% of tissue potas- 
sium was lost from the kidney and under 
similar conditions, the heart lost 35.8% and 
the liver lost 53.5% (Table 1, Fig. 1). In 
view of the small organ mass and lesser 
tissue change, a rising potassium level was 
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TABLE 2. Increase in Tissue Sodium after 24-hour 
Perfusion of Whole Organs 


Kidney Heart Liver 
Control 53.3 + 5.8 320426 33.124 3.0 
Pos:- 
perfusion 77.8 +2.6 744495 98.1433 
Percentage 
geiu 45.9% 132.5% 196% 


Values are expressed as sodium mEq./Kg. wet weight. 
These values were calculated from the same slices 
shown in Table 1. : 


not readily detected in the perfusate during 
kidney perfusion. On the other hand, a 
marked rise in perfusate potassium occurred 
during both liver and heart perfusion. Coin- 
cident with the loss of tissue potassium 
there was a 45.995 gain in sodium in the 
kidney, contrasted to a gain of 182.5% in 
heart and 19696 in liver (Fig. 1). As the 
normal sodium content of kidney tissue is 
greater than that in liver and heart (Table 
2), differences in gain in sodium between 
tissues are somewhat exaggerated in Fig- 
ure 1. 

Experiment 2. Electrolyte changes in tis- 
sue slices of canine kidney cortex, heart 
and liver incubated for one hour in plasma 
with and without ouabain, are shown in 
Tables 3 and 4 and Figure 2. 

Ouabain inhibition of the ATPase system 
caused a significant efflux of potassium 
from kidney cortex slices, indicating per- 
sistence of active transport in this tissue at 
10° C. Ouabain did not affect tissue sodium 
or potassium concentrations in liver slices 
at 10* C. Although both the gain in sodium 
and the loss of potassium in heart tissue 
were increased with ouabain, these changes 
were not significant. These observations cor- 
relate with the cation changes during 24- 
hour whole organ perfusion. 

Experiment 3. Tissue potassium concen- 
trations after incubation of canine kidney 
cortex and liver slices in plasma with and 
without ouabain for one hour, at tempera- 
tures from 0? C. to 37? C. are shown in 
Tables 5 and 6 and Figure 3. Kidney cor- 
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TABLE 3. Loss of Tissue Potassium in Slices Incubceed fer One Hour at 10? C. 
Mean values + S.D. 
No. əf Slices Kidney Heart Liver 
Control 10 325.9 + 23.1 555.6 4 32.8 279.4 +: 19,0 
Plasma 5 174.3 + 27.5 92.9 +: 32.1 75.4 + 10.8 
Plasma and ouabain 5 95.2 + 10.0* 65.9 + 23.4 72.7 + 6.8 
Values are expressed as potassium mEq./Kg. dry weight. 
Control and incubated slices were cut from the same organ. 
* The effect of ouabain is statistically significant (p < 0.001). 
TABLE 4. Increase in Tissue Sodium in Slices Incubated for One Hour at 10? C. 
Mean values + S.D. 
No. of Slices Kidney Heart Liver 
Control 10 54.9 + 5.0 32.0 + 2.6 34.5 + 3.4 
Plasma 5 89.1 - 8.8 87.7 + 12.6 93.6 + 7.0 
Plasma and ouabain 5 94.8 + 8.7 93.0 + 18.6 92.7 + 16.9 


Values are expressed as sodium mEq./Kg. wet weight. 
These values were calculated irom the same slices shown in Tab e 3. 


` tex slices showed a significant ouabain ef- 
fect on potassium efflux from 10° to 37° 
but not at 0° C. Maximum retention of tis- 
sue potassium was seen at 20° C. In con- 
trast, the liver slices showed a ouabain 
. effect only at 20? C. and at 37? C. with a 
maximum retention of potassium at 37? C. 


Discussion 


This investigation was prompted by our 
constant finding of rising potassium levels 
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Fic. 2. Tissue cations after incubation of slices 
at 10° C, for one hour. Note that significant 
ATPase activity is present only in the kidney. 
K mEq./Kg. dry weight. Na. mEq./Kg. wet 
weight. 


in the parfusate during previous hypo- 
thermiz perfusions of liver and heart. In 
contrast, preservation of the kidney by 
hypotkerrmic perfusion was not associated 
with rising potassium levels in the perfusate. 
Thus, an organ disparity was suggested. 
However, electrolyte changes in the per- 
fusate are influenced by the perfusate-organ 
volume ratio and also by evaporative losses 
from the circuit. A few studies have been 
reported of electrolyte changes in tissue 
during organ perfusion at low tempera- 
tures, but only for limited perfusion pe- 
riods. Keeler et al. demonstrated a 50% 
loss o£ total potassium in rat kidneys per- 
fused with 0.9% NaCl at 0° C. for 30 min- 
utes, However, these perfusions were per- 
formed et a pressure of 120 mm. Hg. and, 
in the absence of colloid osmotic pressure, 
gross loss of fluid from the intravascular 
compartment could be anticipated, and the 
resultant tissue injury would potentiate 
leakage of potassium. Lambotte et al.” ob- 
served a rise in plasma potassium when the 
isolated dog liver was perfused in situ with 
blood at 5° C. but they did not record the 
tissue values. Abouna! reported that 36% 
of tissu» potassium was lost after initial 
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TABLE 5. Tissue Poiassium Changes on Incubation of Kidney Slices at Temperatures of 0? C. to 37° C. 





Control 0° C. 
< Plasma 302.7 + 28.3 109.5 + 17.1 
Plasma and ouabain 111.6 6.5 


10° C. ISE. 20° C. 37? C. 
132.94 5.5 1800-2171 20764121 95.14 11.1 
78.7 + 19.68€ 947 c 6.5* 91248.6* 69.1 + 7.5* 


Values are expressed as potassium mEq./Kg. dry weight. 
Control values represent the mean + S.D. of ten slices. All other values are the mean + S.D. of five slices i in- 
cubated in plasma or in plasma with ouabain for one hour at the temperature indicated. All slices were cut from the - 


cortex of a single kidney. 


* Represents a statistically significant ouabain effect (5 < 0.005), which is present at 10? C. to 37? C. 


TABLE 6. Tissue Potassium Changes on Incubation of Liver Slices at Temperatures of 0° C. io 37? C. 


Control 0? C. 
Piasma 225.2 417.2 718 49.8 
Plasma and ouabain 65.4 + 13.0 


10? C. 15° C. 20? C. 37° C. 
56.3 + 3.2 519442 844494 1583+119 
71.8 +74 53.7470 581--60* 61.94 14.4* 


Values are expressed as potassium mEq./Kg. dry weight. 

Control values represent the mean of ten slices. All other values are the mean Æ S.D. of five slices incubated in 
plasma or in plasma with ouabain for one hour at the temperatures indicated. All slices were cut from the same liver. 

* Represents a statistically significant ouabain effect (p < 0.001), which is present at 20° C. and 37° C. 


washout of pig livers with 8 liters of Ring- 
ers solution at 12° to 15° C. In the present 
study this was prevented by increasing the 
washout potassium to 35 mEq./l. Incuba- 
tion of tissue slices provided a convenient 
model for studying electrolyte changes in- 
duced in tissues by hypothermia. Although 
the cellular injury produced by the slicing 
procedure causes a greater rate of cation 
exchange in tissue slices, nevertheless organ 
disparities are reliably reproduced, The 
ability of ouabain to inhibit the active ca- 
tion exchange system has been shown to 
be partly temperature-dependent *° at lower 
temperatures larger doses are required to 
obtain the maximum effect. The large dose 
of ouabain (500 aM.) in these experiments 
was used to insure maximum inhibition at 
lower temperatures. This was confirmed in 
both liver and kidney tissue in one tissue- 
slice experiment since the combination of 
2-4 dinitrophenol and iodoacetic acid, which 
blocks all ATP production, induced the 
same loss of potassium and gain in sodium 
as ouabain. 

This investigation demonstrates that the 
kidney kept in hypothermia is better 
equipped to retain the normal tissue elec- 


trolyte environment than either heart or 
liver, and that this difference is determined 
by the persistence of active cation trans- 
port in the kidney at temperatures as low 
as 10? C. Ouabain did not alter either liver 
or heart tissue electrolytes at 10? C., in- 
dicating that ATPase activity is absent in 
these tissues at this temperature. As a re- 
sult, loss of tissue potassium during 24 hour 
perfusion of the liver and heart at 10° C. 
Wi CONTROL 
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Fic. 3. Changes in tissue potassium after in- 
cubation of slices for one hour at different temper- 
atures. Note the significant ATPase activity in the 
kidney at 10° C., although in the liver no activity 
was demonstrated below 20° C. 
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was 53% and 35% of control, respectively. 
In view of the relative resistance to cold of 
cation transport in the kidney, only 21% of 
tissue potassium was lost during 24-hour 
perfusion of the kidney. Subsequent studies 
in this laboratory have shown that the loss 
of potassium from canine kidneys increases 
only to 28% at 72 hours.!? 

Survival of the kidney after reimplanta- 
tion shows that this degree of electrolyte 
disturbance is compatible with excellent 
subsequent function. This does not mean, 
however, that if the loss of potassium in 
the liver and heart could be reduced to 
the values obtained in the kidney adequate 
preservation of the heart and liver would 
be assured. Preservation of heart and liver 
must be superior to that of the kidney, 
since these organs must function immedi- 
ately after orthotopic transplantation. Tem. 
porarily diminished function, which often 
occurs in the transplanted kidney, can be 
tolerated, but this is not true for the liver 
and heart. 

Cation transport is more resistant to cold 
in tissues of hibernating animals than in 
tissues of non-hibernating animals.” This 
persistence of active ion transport is funda- 
mental to survival during hibernation for 
prolonged periods at low temperatures. We 
have demonstrated that the active cation 
transport system in canine kidney tissue is 
more resistant to hypothermia than that in 
canine liver or heart tissue. The differing 
capability of tissues to preserve intracellu- 
lar ion and water composition at low tem- 
peratures probably accounts for the differ- 
-ent degrees of success in hypothermic organ 
preservation today. 

This study also confirms our previous 
empirical observation? that 10° C. ap- 
peared to be a ‘better temperature than 
0° to 2° C. for preservation of kidneys, 
since at 0° C. there is no residual ATPase 
activity, even in the kidney. 

That minor electrolyte and water distur- 
bances resulting from hypothermic preser- 
vation are completely reversible is evident 


Ann. Surg. * Jan. 1972 
Vol. 175 * No. 1 


from the success of kidney transplantation 
after preservation. However, more severe or 
prolonged disturbances are undoubtedly as- 
sociatec with intracellular derangements '5 
which will eventually lead to cell destruc- 
tion. It would thus appear that present 
methods cf liver and heart preservation 
should be discontinued, until specific atten- 
tion caa bs given to the problems of intra- 
cellulax electrolyte derangements and until 
methocs for their correction or prevention 


. axe avzilable. 


The loss of cellular potassium and so- 
dium inflix can be prevented in tissue 
slices >y altering electrolytes in the me- 
dium to intracellular values.14¢ This ap- 
proach to kidney preservation was sug- 
gested by Keeler et al." and was later used 
by Collins et al.* Its application to liver and 
heart preservation warrants investigation 
since intracellular cations in these organs 
at low temperatures are determined by 
passive diffusion alone. However, our pre- 
liminzry studies using this approach have 
been anicormly disappointing. 

A second approach worthy of considera- 
tion in liver preservation is alteration of the 
perfusior temperature to 20? C., where 
active cetion transport is functional. How- 
ever, this temperature would introduce 
problems of oxygenation, substrate supply 
and infection, which would almost cer- 
tainly preclude long-term preservation. 

Stimu.ation or facilitation of the active 
cation transport system would be the most 
direct approach. Some studies suggest, 
however, that the defect is a direct cold 
sensitivity of the ATPase enzyme itself 
rather zhan an inadequate provision of 
enerzy under conditions of hypothermic 
metzbo'ism.:* ** Comparative studies of the 
ATFase system in hibernating and non- 
hibernating animals may help to resolve 
this prcblem. 


Summary 


Tisste electrolytes in kidney, liver and 
hee-t were measured after 24 hours of 
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whole organ perfusion and after incubation 


. of tissue slices at 10° C. The kidney was 


the only organ in which the energy-depend- 
ent cation transport system was active at 
10° C. The high intrinsic cold sensitivity of 
cation transport in the liver and heart, com- 
pared to a relative cold resistance in the 
kidney, may explain the poor preservation 
characteristics of the liver and heart. This 
study suggests that present methods of 
liver and heart preservation should be dis- 
continued, until specific attention can be 
given to the problem of intracellular 
electrolyte derangement and until methods 
for their correction or prevention are 
available. Three possible approaches to 
this problem are reported. 


Acknowledgment 


We wish to thank Mr. Robert Hoffman, Mr. 
Kenneth Stieper and Mr. Chester Truman for their 
technical assistance. 


References 


. Abouna, C. M.: Pig Liver Perfusion with 
Human Blood. Brit. J. Surg., 55:761, 1968. 

. Belzer, F. O., Ashby, B. S. and Dunphy, J. 
E.: Twenty-four-Hour and 72-Hour Preser- 
n of Canine Kidneys. Lancet, 9:536, 
1967. 

3. Belzer, F. O. and Kountz, S. L.: Preservation 
and Transplantation of Human Cadaver 
Kidneys: A Two-year Experience. Ann. Surg., 
172:394, 1970. 

. Belzer, F. O., May, R., Berry, M. N. and 
Lee, J. C.: Short-term Preservation of 
Porcine Livers. J. Surg. Res., 10:55, 1970. 

. Bonting, S. L., Caravaggio, L. L. and Hawk- 
ins, N. M.: Studies on Sodium potassium- 
activated Adenosine Triphosphatase. IV Cor- 
relation with Cation Transport to Sensitive 
Cardiac Glycosides. Arch. Biochem. Biophys., 
98:413, 1962. 

. Bonting, S. L., Simon, K. A. and Hawkins, N. 
M.: Studies on Sodium-potassium-activate 
Adenosine Triphosphatase. 1. Quantitative 


| pe 


nd 


Ct 


g> 


UNSUCCESSFUL LIVER AND HEART PRESERVATION 


T. 


117 


Distribution in several Tissues of the Cat. 
Arch, Biochem. Biophys., 95:416, 1961. 

Collins, G. M., Bravo-Shugarman, M. and 
Terasaki, P. I: Kidney Preservation for 
Transplantation. Initial Perfusion and 30- 
oun Ice Storage. Lancet, Dec. 6, 1219, 


8. Glynn, I. M.: The Action of Cardiac Glyco- 


10. 


Il. 


12. 


13. 


14. 


15. 


16. 


17. Sk 


18. 


19. 


sides on the Solium and Potassium Move- 
ments in Human Red Cells. J. Physiol, 136: 
148, 1957. 


. Glynn, I. M: Membrane Adenosine Tri- 


phosphatase and Cation Transport. Brit. Med. 
Bull., 24:165, 1968. 

Gruener, N. and Avi-Dor, Y.: Temperature- 
dependence of Activation and Inhibition of 
Rat-brain Adenosine ‘Triphosphatase acti- 
vated by Sodium and Potassium Ions. Bio- 
chem. J., 100:762, 1966. 

Keeler, R., Swinney, J., Taylor, R. M. R. and 
Uldall, P. R.: The Problem of Renal Preser- 
vation. Brit. J. Urol., 38:653, 1966. 

Lambotte, L., Kestens, P. J. and Haxhe, J. J.: 
Effect of Hypothermia on Potassium Move- 
ments in Isolated Perfused Organs. Arch. 
Internat. Physiol., 74:541, 1966. 

Leaf, A.: On the Mechanism of Fluid Ex- 
change of Tissues in vitro. Biochem J., 62: 
241, 1956. 

Martin, D. R. et al: unpublished data. 

Mudge, G. H.: Electrolyte and Water Metabo- 
lism of Rabbitt Kidney Slices: Effect of 
Metabolic Inhibitors. Amer. J. Physiol., 167: 
206, 1951. 

Scott, D. F.: Experimental and Clinical 
Studies in Kidney Preservation by Hypother- 
mic Plasma Perfusion. M.D. Thesis. Uni- 
versity of Queensland 1971. 

ou, J. C.: Enzymatic Basis for Active Trans- 
port of Na+ and K+ Across Cell Mem- 
brane. Physiol. Rev., 45:596, 1965. 

Trump, B. F.: Ion Movements in Cell Injury. 
Effects of Inhibition of Sodium Transport on 
Ultrastructure of the Nephron and Related 
Systems. Proc. 4th Internat. Cong. Nephrol. 
Stockholm, 1:88, 1969. 

Trunkey, D., Degenhardt, T., Chartrand, C., 
Pryor, J. P. and Belzer, F. O.: Preservation 
of Canine Hearts. Cryobiology, 6:515, 1970. 


. Willis, J. S.: Ouabain Inhibition of Ion Trans- 


port and Respiration in Renal Cortical Slices 
of Ground Squirrels and Hamsters. Biochem. 
Acta., 163:506, 1968. 


. Willis, J. S.: and Mali, N.: Cold Resistance 


of Na-K-ATPase of Renal Cortex of the 
Hamster, a Hibemating Mammal. Amer. J. 
Physiol., 217:321, 1969. 


Healing of Arterial Prostheses in Man: 


Its Incompleteness 
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STEPHEN J. Woop, M.D. 
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THINNER and more porous arterial pros- 
theses were believed by us to heal better 
in man. In this report the tissue organiza- 
tion of the thinner-walled, more porous 
grafts was found to be no more advanced 
than that of the other arterial prostheses. 

Man appears to have a limited capacity 
to completely organize his own fibrin de- 
posit on the luminal aspects of arterial 
prostheses. Rather, except immediately ad- 
jacent to anastomoses to the host artery, 
the flow surface of the graft persists as a 
fibrinous lining. This is in marked con- 
trast to the findings with various prostheses 
in the dog, pig (regular, rapidly growing 
and the more slowly growing minipig) and 
the calf. In these species the formation of 
a complete tissue lining occurs over the 
. inner aspect of arterial prostheses. 

Data showing our healing results in man 
form the substance of this report. 


Materials and Methods 


The group of human specimens studied 
is summarized in Table 1. The study cov- 
ered 23 porous arterial prostheses of basi- 
cally four porosities. Postimplant times, 
graft type, sites and patency are shown. 
The time spectrum has a fairly good spread 
from 16 days to 11 years. 

Following gross examination and pho- 
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tograchy, the specimen surfaces were ex- 
amined with the stereomicroscope. The 
specimens were then fixed in buffered for- 
malin, and blocks were taken in multiple 
fashion, so as to locate 1) the most com- 
plete healing, 2) the most characteristic 
healing, and 3) to study suture line healing 
or pannus. 

Par-icular attention was given to pannus, 
because chis is a specialized form of heal- 
ing ct the inner aspect of grafts that does 
not occur over the whole inner surface. 
Measurements of the extents of pannus 
were always made on histologic sections 
to stendardize them. In this way pannus 
could be differentiated from fibrin with 
certainty. These measurements are some- 
what smaller than those obtained on living 
or freshly removed specimens. 

Routine stains were hematoxylin and 
eosin and Masson’s trichrome. Putt’s fibrin 
and Weégert’s or Verhoeffs elastic stains 
were used when deemed advisable. 

In documenting the histologic aspects of 
these specimens, it is important to record 
the location of the tissue blocks for nearly 
any type of healing can be shown in the 
same graft, depending upon the location 
from which the blocks for study were 
taken. We have tried to determine which 
healing patterns are representative. If a 
tissue block close to the suture line is cut, 
sectioned, photographed and published as 
representative of the healing of a graft, it 
leads to doubt in the minds of those knowl- 
edgeable in the field of graft healing. Fur- 
thermore, the rather tough white, smooth 
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TABLE Í. 
! 
Case Age, 
No. Name Yrs. Fabric Implant Period Implant Site Patency 
1 C. F. 69 WW 16 days Axillary-bilateral Patent 
com. femoral 
2 F. E. 66 KD- 28 days Aorto-com. Patent 
velour femoral 
Renal (WW) ? patent 
3 U. McS. 68 KD 37 days Aortoiliac bifurc. Patent 
4 J. H. 69 MK 38 days Axillary-femoral Patent 
5 L. W. ? WW 43 days Femoropopliteal Patent 
6 W. B. 57 WW 81 days Aorto-femoral, Patent 
bilat. 
7 W. G. 75 MK 115 days Femoropopliteal, Patent 
bilat. 
3 C. D. 60 WW, MK 126 days Aorto-femoral Patent 
(WW) 
Y Renal (MK) Patent 
! 9 V. H. ? KD 6 mo. Aortoiliac ? 
10 H. H. 52 MK Í yr. Aorto-femoral Patent 
bifurc. 
11 L. R. 65 WW 1 yr. Axillary-femoral Patent 
12 C. S. 63 WW 13 yr. Axillary-femoral Patent 
13 F. E. 56 KD 2 yr. Aortoiliac Patent 
14 G.S 69 WW 2 yr. 2 mo. Axillary-com. Patent 
femoral 
15 T. V. 82 WW 25 yr. Aortoiliac bifurc. Patent 
16 Mr. X. 72 KD 2-3 yr. Aortoiliac Patent 
17 D. K. 73 KD 4 yr. 7.5 mo. Aortoiliac One limb closed 
18 CE 64 Szilagyi Syr 3 X 4cm. aortic Non-obstructive 
patch 
19 R. A. ? KD 5 vr. 3 mo. Aortoiliac Rt. limb closed 
20 R. McI. WW 5% yr. Axillary-femoral Segment removed 
at reoperation 
Y 2l W.G 55 KD 63 yr. Aorto-common One limb closed 
femoral 
22 O. P ? WD 10 yr. Aorto-common One limb closed 
femoral 
23 S: R. 19 KD 11 yr. Coarctation of aorta Patent 
3.5 cm. long 
Key 


WD = Woven Dacron (porosity “very low”). 


Szilagyi - taffeta? (porosity “very low”). 
KD = Knitted Dacron (standard weight knitted DeBakey graft, 30 needles/inch; 1,480 interstices/cm.?; 

fabric thickness 380 microns). 
WW = Wesolowski Weavenit (lightweight knitted Dacron, 40 needles/inch; 1,890 interstices/cm.?; fabric 


thickness 284 microns). 


MK = Microknit (extra lightweight knitted Dacron, 50 needles/inch; 3,360 interstices/cm.?; fabric thickness 


209 microns). 
| and glistening inner layer often grossly re- 
di sembles tissue, when actually it is com- 
pacted acellular fibrin. Intimization, endo- 


thelialization and such terms are mistakenly 
applied on a gross basis when the inside of 
the graft is principally fibrin histologically. 
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TABLE 2. Pannus Extension Porous Arterial Grafts in Man 


Case No. Name Fabric 
WW 
KD-velour 
KD 
MK 
WW 
WW 
KD 
MK 
WW 
WW 
KD 
WW 
KD 
Szil. Taf. 
WD 
KD 

3.5 cm. long 


o 
wa 


SYR mR Oy Meh 


o zO0gmBupoUuUmsozcsaduio 
"S 


For, 


1 
2 
3 
4 
6 
8 
9 
10 
11 
12 
13 
15 
16 
18 
20 
23 


Results 


What we mean by complete healing is 
total incorporation of the graft by tissue 
without fibrinous material lining the lum- 
inal aspect of the graft. Our material from 
man does not show total or complete tissue 
organization, except by pannus outgrowth 
immediately adjacent to the suture lines. 


Pannus Growth 


Sixteen specimens allowed measurements 
of pannus growth, as summarized in Table 
2. Not all specimens permit adequate study 
of pannus. This is due at times to suture 
line complications (dehiscence; false aneu- 
rysm). In other specimens the tissue-graft 
complex was incomplete, or cut up so as 
to be useless when we embarked upon this 
particular phase of study. However, the 
data presented give a notion of human 
pannus growth, its extent and persistence. 

Sometimes pannus grows out from anas- 
tomoses in a regular fashion. In some spec- 
imens it extends out over the cloth in an 
eccentric manner, as fingers or prongs. In 
the latter instance, such as specimens 8 and 
23, the measurements show considerable 
variability. 

There is a tendency for pannus to grow 
out over the graft to a distance of 3 to 5 


Implant Pericd Age, Yrs. Pannus mm. 
16 days 60 0.4 
28 days 66 1.6, 0.8 
37 days 68 2.0 
38 cays 69 3.0, 4.0 
81 days 57 8.0 
126 days 60 8.0, 3.0, 4.0 
6 mo. ? elderly 3.0, 3.5 
1 vr. 352 1 or less 
Í vr. 65 5.0 
15 vr. 63 3.0, 4.0 
aur: 56 4.0 
25 yr. 82 8.0, 9.0, 10.0 
2-3 yr. 72 3.5, 4.0 
5 yr. 64 Í or less 
65 yr. 55 1.0, 2.0 
ii yr. 19 3.0, 5.0, 10.0 


mm. in about a year. Specimens 18 and 
20 suggest that the pannus may recede in 
about 5 years. However, the two grafts in 
these instances are of very low porosity. 
No conclusion is drawn about possible re- 
ceding cf pannus once it is formed. 

Pannus can develop up to an extent of 
8 or 10 mm. in the elderly, as shown in 
the 82-year-old man (Case 15). Interest- 
ingly, after 11 years of implant time in a 
youth with a tubular porous graft (Case 
23) 3.5 em. long, pannus did not cover 
the graft; the central portion was lined 
with fibrin as were all the other grafts in 
this study. The latter patient was a child 
of 8 years when the graft was placed for 
coarctation. Her pannus extends for a very 
limited distance, as in middle-aged or el- 
derly man with porous grafts. In extent, 
human pannus growth in porous grafts is 
similar to that of adult dogs with imper- 
vious (Silatic-velour) prostheses.’ 

With impervious fabric (Silastic on the 
outer aspect) prostheses in the canine 
aorta, pannus extends less than 10 mm., 
whereas in the porcine aorta pannus ex- 
tends over the entire surface of a 6 cm. 
long tube within 60 days. 

We have observed in man a limitation 
of pannus growth at the aortic root with 
aortic valve prostheses that is similar to 
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that seen with arterial prostheses. The pan- 
nus tends to grow out for a distance of 3 
to 7 mm. over a fabric sewing ring and 
generally ceases. This is based on a study 
of 15 human specimens. 

The source of the cells comprising pan- 
nus growth as studied in the dog is dia- 
grammed in Figure l. It is viewed as a 
hyperplastic response on the part of the 
artery to which the graft is sutured. Our 
earliest observation of the development of 
pannus in man is from Case l. This 69- 
vear-old man succumbed from complica- 
tions of pulmonary carcinoma; the Weso- 
lowski Weavenit * graft was patent when 
he died suddenly 16 days after implanta- 
tion. The histologic findings are shown 
in Figures 2 and 3. 

Pannus development in man after a year 
is shown in Figure 4. The axillary-femoral 
graft functioned beautifully (8 mm. diame- 
ter Wesolowski Weavenit) and is Case 1l 
in Table 1. Its gross appearance is seen in 
Figure 5. The composite comprising Figure 
4 is from the axillary anastomosis. Both 
the femoral and axillary anastomoses 
showed similar histologic pictures and a 
pannus extent of 5 mm. 

To sum up: Pannus tissue arises as a hy- 
perplastic reaction from the ends of the 
host artery and extends for a limited dis- 
tance along the inner aspect of a prosthesis 
in man. The distance that this tissue ex- 
tends is very limited in the human, being 
confined to 10 mm. or less, even after many 
years. 

The establishment of  transinterstices 
growth from the areolar tissues that ulti- 
mately form the outer capsule contributes 
to the strength of suture line healing. This 
is fortunate, in that under favorable cir- 
cumstances firm bonding is established be- 
tween the graft and the arterv at the suture 
line. 





* Wesolowski Weavenit, Meadox 


Paterson, New Jersey. 
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Fic. 1. Conceptualization of pannus growth as 
viewed at an anastomosis between the aorta and 
an impervious graft such as Silastic-sealed Dacron 
velour. A hyperplastic response takes place from 
the luminal he E and the divided end of the 
aorta (arrows 1 and 2). Simultaneously, tissue 
grows up through anastomotic line, as well as 
suture tracks (arrow 3). An advancing wedge of 
tissue replaces the thrombus overlying the graft, 
with endothelium frequently in the forefront. 
With porous grafts, in addition to these mech- 
anisms, tissue would also proceed lumen-ward 
through the interstices. 


Healing Away from the Pannus Zones 


The graft shown in Figure 5 is 50 cm. 
in length and, as was mentioned above, 
functioned beautifully. Tissue blocks re- 
moved for study are numbered. Aside from 
the suture lines, the best looking surfaces 
as judged grossly and under the stereo- 
microscope were in the areas of blocks 2, 
4 and 5. The healing of block 4 is seen in 
Figure 6A. This pattern predominates in 
our healing material, with partial areas of 
more advanced healing as seen in and il- 
lustrated in 6B (taken from block 2). There 
is incomplete total organization of over- 
lying thrombotic material, or perhaps the 
tissue on the luminal aspect of the cloth 
continues to be thrombogenic. Thus, the ac- 
tual flow surface is not a pure tube of col- 
lagenous connective tissue, but an inner 
sheath of thrombotic material. When white, 
it grossly resembles tissue. It mav contain 
variable numbers of blood cells and still 
remain thin, as shown in Figure 5 where 
the red cell-containing deposits show up 
dark grav to black. 

At 614 vears (specimen 21, standard 
knitted DeBakev graft *) multiple blocks 





* Standard knitted DeBakey graft, United 
States Catheter & Instrument Corp., Glens Falls, 
New York. 
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Fic. 2. Photocomposite at low power showing anastomosis between fabric (Fab.) and 
thickened common femoral artery, Section is somewhat disrupted. The graft is Wesolowski 
Weavenit at 16 days. There is fibrin (Fib.) on both sides of the fabric. Pannus is extending 
0.4 mm. from the divided end of the artery (asterisk) along the luminal aspect. Note that 
the cells are extending from the intimal aspect of the artery and the pannus fades off into 


fibrin (H&E, x 35). 


were studied as usual and the “best” heal- 
ing was found at block 8 near the bifurca- 
tion (Fig. 7). This is shown in Figure SA. 
More characteristic of the remainder of 
the blocks studied is the healing shown in 
Figure 8B (block LL), where there is a 
very benign-looking flow surface. 

The grafts studied show variations. of 
course, but in this series we have not found 
a complete inner capsule without throm- 
botic material of variable composition and 
thickness forming the actual flow surface. 





This is not to say that such a layer does 
not perform as a good flow surface for pro- 
tracted periods such as 5 to 10 years. How- 
ever, the expectation of a completely tissue- 
lined, endothelialized graft has not been 
realized with anv of the prosthetic material 
we have studied in man, regardless of the 
length of time implanted. These prostheses 
remain incompletely healed. Apparently, 
they do not undergo complete healing, 
which then degenerates. They do not 
reach complete healing in the first. place. 


> Tw 
"ur 


Fic. 3. Higher power 
view of portion of Fig- 
ure 2 utilizing elastic 
stain to delineate di- 
vided end of common 
femoral artery (C.f.a.). 
The black mass (elastic 
tissue) clearly indicates 
line of division and su- 
ture line (S.L.). At 
arrow and asterisk, hyper- 
plastic growth of intimal 
cells can be seen extend- 
ing over the fabric ( Fab) 
and organizing the fibrin 
(Fib.) on top of cloth 
(Verhoeff’s elastic stain; 
$ 70): 
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Fi;. 4. Low power composite showing edge of pannus extending 5 mm. and ending in 
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thin thrombotic lining of Weavenit graft at 388 days. There has also been through-growth of 


collagenous connective tissue via the interstices 


(as pointed out by small arrows) from the 


outer capsule. Such tissue contributes to inner capsule formation, but beyond the pannus 


zone it is covered with fibrinous material. 


This is different from the sequence ob- 
served in animals, in which healing with 
the same types of graft may reach com- 
pletion with endothelialized sheaths of 
scar tissue, followed by inner capsular de- 
generation and thrombus formation. 

To sum up: In the human grafts studied, 
the blood flow surface is comprised of vari- 
able forms of fibrinous thrombus, with an 
underlying and highly variable distribution 
and thickness of fibrous tissue growing 
in through the cloth interstices. This does 
not decry the fact that fibrinous layers are 
useful flow linings. It does point out that 
prostheses in man fall far short of any real 


Fic. 5. Gross photo- 
graph of right axillary- 
femoral bypass graft from 
70-year-old-man at 388 
days. Patient died from 
pulmonary insufficiency. 
Material is 8 mm. Weso- 
lowski Weavenit and 
functioned perfectly. The 
relatively thin inner lin- 
ing is variegated, being 
approximately 40% white 
and 60% pink to red 
(dark areas) and con- 
taining various amounts 
of red cells and blood 


duplication of normal structures, such as 
formation of an endothelialized luminal 
tissue tube on the lattice of a porous pros- 
thesis, despite the fact that this is achiev- 
able in the experimental animal via a com- 
bination of pannus overgrowth and tissue 
ingrowth through the interstices. With ex- 
tant clinical arterial prostheses Voltaire 
Candide could be paraphrased by saving 
that a fibrino-tissue tube is the best of all 
possible worlds for man. However, other 
graft designs should be studied to ascertain 
if man's healing capacity is indeed as lim- 
ited as described here. It may be that cer- 
tain specific graft features will encourage 





pigment. Graft is about 50 cm. long, showed no gross perigraft complications and there was excellent 


attachment of the surrounding tissues. 


The numbers indicate blocks removed for histologic study. These blocks are taken from both anasto- 
moses, as well as from the “best-looking” and “worst-looking” areas of the grafts flow surface. Block 4 is 
from what is deemed to be characteristic of most of the inner lining. The photograph serves as a key to 


Figures 4 and 6. 
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overlying it is a layer of thrombotic material whic 


chrome, x50). 


more complete healing. In this regard, we 
are now studying an external 
concept. 


velour 


Endothelialization in the Healing Pat- 
tern in Man 


In the caption of Figure 1 it is pointed 
out that endothelium can advanced over 
thrombus ahead of the rest of the tissue that 
organizes the inner capsule of porous fabric 
prostheses. We have observed this liter- 
ally hundreds of times in animals, utilizing 
silver impregnation to study the surfaces of 
freshly removed specimens following ani- 
mal sacrifice. This simple and practical 
method fails when there has been too much 
time between specimen removal and silver 
staining. Clinically, by the time a specimen 
is removed at autopsy, silver staining is 
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Fic. 6. Representative 
sections of organization 
of same graft depicted 
in Figure 5. 

A: Section from block 
4 approximately mid- 
graft (20 cm.) from ax- 
illary arterial anastomo- 
sis. The luminal layer is 
composed of thrombus 
(Thr.). The outer cap- 
sule (O.C.) is well- 
formed. Organization ex- 
tends about half way 
through the interstices 
( arrows ). 

This partial organiza- 
tion with compacted 
thrombotic material pre- 
dominates in the arterial 
prostheses we have re- 
covered from man. In 
this specimen the maxi- 
mum thickness of the 
thrombotic layer is ] 
mm. 

B: Same graft, block 
2, 6 cm. down from axil- 
lary anastomosis. This is 
the most advanced tissue 
organization in this spec- 
imen, aside from that 
close to the suture lines. 
Again, there is a well- 
ormed outer capsule 
(O.C.). There is growth 
through the fabric ( ar- 
rows) so that an inner 
capsule (I.C.) of tissue 
is formed. However, 


Thr. 


h actually comprises the flow surface (Masson’s tri- 


fruitless from a practical standpoint, as the 
"boundaries" of the endothelial cells lose 
their affinity for silver very soon after 
death. 

We have one specimen showing that 
endothelium can exist as a sole layer atop 
thrombus in man. The specimen shown in 
Figure 9 was stained with silver im- 
mediately upon removal in the operating 
room. 

In Case 20, a Wesolowski Weavenit seg- 
ment removed at reoperation 5!4 years 
after implant was stained with silver 
nitrate under ideal circumstances, i.e.. the 
patient was heparinized and the segment 
placed in silver solution within two minutes 
after removal. Stereomicroscopic examina- 
tion revealed no endothelium on the 
fibrinous lining of the fabric. Two small 
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Fic. 7. Gross appear- 
ance of knitted Dacron 
graft at 616 years show- 
ing sites of tissue blocks 
selected for histologic 
study. For the most part 
the flow surface is thin, = 
translucent and benign wa E ; » ^ amm m" PE SA ^ 
in appearance from the b i Meana Adl xu an "m 
bifurcation distally. i VE 
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Fic. 8. Histologic 
views of blocks from 
specimen in Figure 7. 
In view A (block B from 
the bifurcation area) 
there is a thin throm- 
botic layer. Underlying 
this is a layer of necrotic 
collagenous tissue. Note 
the thinness of the total 
layer. We have seen this 
thinness of luminal cap- 
sule at the bifurcation 
of other specimens. 

View B is characteris- 
tic of the rest of the 
specimen. There are 
patches or “pods” of 
acellular hyalinized fi- 
brous tissue (I.C.) with 
an overlay of compacted, 
acellular fibrinous mate- 
rial next to the blood 
stream. This is from 
block LL and represents 
the predominant healing 
pattern of late-stage 
healing in this specimen 


( Masson's trichrome, 
x 50). 
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Fic. 9. Endothelium as sole layer on top of 
thrombus in man. 

A: Arrow points to place where photo B and 
Section C were taken. The femoral aneurysm was 
silver-stained immediately after surgical resection. 

B: En Face photograph of endothelium ma- 
nipulated under stereomicroscope with probe. 
White material is thrombus. Attachment of endo- 
thelium was extremely fragile. 

C: Section in direction of arrow in B. Endo- 
thelial layer is shown separated from underlying 
acellular thrombus. Arrows point to nuclei and 
silver-stained "boundaries" between cells. 


patches of endothelium were seen on the 
contiguous false aneurysmal wall, indicat- 
ing that if endothelium had been present 
on the fabric it would have shown up. 


RAO AND WOOD 
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Fallout Healing in Man 


Our reasons for disbelieving that the 
deposition of multipotential cells from the 
blood stream significantly contributes to the 
organization of conduit grafts in man or 
adult dogs are expressed in another work. 
However, we have observed tissue to form 
at the apex of cloth-covered cages of aortic 
ball valves in man separately from con- 
tiguous growth up the struts. We ascribe 
such colonization of fibrin to cells which 
attach to it after being dislocated by mech- 
anical factors from their original location 
upstream. 

To sum: Endothelialized thrombus can 
occur in man. In the arterial and aortic 
valve prostheses studied in man, fallout 
healing has not been a significant mech- 
anism contributing to the organization of 
the fibrin layer next to the blood stream. 
Organization takes place principally by 
tissue outgrowth from contiguous sources. 


Discussion 


DeBakey and coworkers? (1964) re- 
ported on a series of 67 patent Dacron pros- 
theses recovered from man following im- 
plant periods of 2 weeks to almost 7 years. 
In “most” of their specimens the luminal 
substance in direct contact with the blood 
flow was fibrin. In some specimens endo- 
thelium was demonstrable. 

In 1964 Wesolowoski pointed out that 
“unlike the pig and the dog, the human 
does not heal the inner capsule completely 
prior to the onset of intercapsular tuft 
degeneration. . * A principal event re- 
sponsible for this failure, according to 
Wesolowski, was the degeneration and/or 
rhexis of the tissue tufts of the interstices 
leading to cyclical autolysis and fibrin ac- 
cumulation on the luminal aspect of the 
grafts. A possible explanation for this was 
that human granulation tissue is relatively 
rich in capillaries and poor in collagen and 
thus possesses little mechanical strength. 
Of 14 patent grafts from man (9 knitted 
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Dacron; 1 knitted Teflon: 1 woven Teflon; 
3 woven Dacron,), 13 were lined by fibrin 
(data lacking in 1 case). Wesolowski 
pointed out that the long-term fate of such 
prostheses was “relatively dismal,” although 
the prostheses could perform well within 
the patients’ remaining life spans. 

In our own human material we have seen 
the histologic lesions so well described by 
Wesolowski. These occur in the more light 
weight, porous knitted Dacron prostheses 
such as Wesolowski Weavenit and Micro- 
knit,* as well as in the denser, less porous 
fabrics. However, we have seen areas that 
appear free of the pathologic change dis- 
cernible in the outer capsule or the tufts, 
and where the luminal aspect is still com- 
prised only of fibrin on the inside of the 
grafts that retards or prevents its replace- 
ment by fibrous tissue from perivascular 
sources over the main body of the grafts. 
The suture line areas are different, as has 
been described. The final pattern of incom- 
plete “tissuefication” of the graft-fibrin com- 
plex in man is dramatically different from 
that of animals receiving the same grafts. 

The fibrinous lining obviously can reach 
an equilibrium with the flowing blood on 
top and the tissue under it without pro- 
gressive thickening, so that the fibrin layer 
serves as a good flow surface for pro- 
tracted periods. 


Summary 


On the basis of 23 arterial prostheses 
(including the highly porous types with 
thin walls) that were recovered from man, 
there was no instance of complete tissue 


> Microknit, Golaski Laboratories, Philadel- 
phia, Pa. 


HEALING OF ARTERIAL PROSTHESES IN MAN 127 


incorporation or healing on the inside of 
the grafts, except within 10 mm. of the 
suture lines. Rather, the initial and long- 
term luminal lining is primarily a fibrinous 
tube with or without blood cell com- 
ponents. 

The only complete healing observed in 
our material is by pannus growth at the 
suture lines—a process described in some 
detail. This is essentially a hyperplastic 
response on the part of the artery adjoining 
the graft. While pannus may reach 10 mm. 
at times in man, its linear extension is more 
on the order of 2 to 4 mm. It does not ex- 
tend in such fashion as to contribute sig- 
nificantly to tissue coverage of the graft. 

Our initial hope for man was to encour- 
age the formation of an endothelialized, 
complete tissue tube with thin-walled, 
highly porous fabrics serving as a lattice- 
work. The clinically applied graft con- 
structions comprising this study have not 
fulfilled this hope. There is, apparently, a 
human healing limitation with these 
prostheses, as contrasted with the healing 
ability of experimental animals. Future 
prosthesis development must take the hu- 
man limitation into account. 
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Value of Arterial Hypoxemia in the Diagnosis 
of Pulmonary Fat Embolism 


P. R. Benorr,* M.D., L. G. Hameson, M.D., J. H. Burcess,** M.D. 


From the University Surgical Clinic and Cardiore:piratory Laboratory, 
The Montreal General Hospital, Montreal, Canada 


PULMONARY injury producing arterial 
hypoxemia may be the most important 
clinical feature of fat embolism.*° While 
blood gas determinations have been used 
clinically to study fat embolism since 
1964,** few reports emphasize their value in 
diagnasis.® ?^ 8° Most reports discuss their 
use in the management of this generally re- 
versible form of acute respiratory fail- 
ure.® 1 24, 81,43 We have studied 42 pa- 
tients admitted with fractures to assess the 
mechanisms of hypoxemia within 72 hours 
of injury and to establish the value of serial 
blood gas measurements in the detection of 
subclinical fat embolism. The single breath 
carbon monoxide diffusing capacity may re- 
flect decreases in pulmonary capillary blood 
volume caused by microemboli of neutral 
fat, bone marrow or red cell and platelet 
aggregates, but the test has not been pre- 
viously evaluated in the diagnosis of fat 
embolism. Our studies were correlated with 
serial chest x-rays, measurements of coagu- 
lation factors, and some lipid fractions be- 
cause of the possible importance of intra- 
vascular coagulation and lipid aggregation 


in the pathogenesis of fat embolism.® * 5 1 
8, 22, 80, 38, 40, 44 


Methods and Materials 


Forty-two patients with fractures were 
studied. They were divided into two 
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groups: (1) Patients with clinical evidence 
of fat emLolism. (2) Patients without clini- 
cal evider.ce of fat embolism. 


1. Fractures with Fat Embolism’ (Ta- 
ble 1) 


Fat embolism was diagnosed by the fol- 
lowing criteria: 

A characteristic chest x-ray showing 
initially fine diffuse bilateral infiltrates 2* °°; 
a typical 5etechial rash; or large amounts 
of fat and. bone marrow in the pulmonary 
vessels at autopsy. Six of 13 patients ad- 
mitted with multiple fractures are included 
in this group. They had at least one major 
long bone fracture and one or more other 
fractures. One other patient with a com- 
pound tidia-fibular fracture developed 
mild fat embolism. None of the patients in 
this group were ever in established shock, 
none had major thoracic trauma or chronic 
obstructive lung disease and all were con- 
scious on edmission. 


2. Fractures without Fat Embolism °° 


This groap includes the remainder of the 
patients with multiple fractures, ten pa- 
tients with extracapsular femoral fractures, 
1l patients with tibia-fibular fractures and 
six patients who had chronie obstructive 
lung disease es well as fractures. Patients 
who coulc not be studied within 48 hours 
of injury, and those having important as- 
sociated head or chest injuries were ex- 
cluded. 

We measured arterial blood gases within 
24 hours o: injury during room air breath- 
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TABLE 1. Patients with Fal Embolism 


Age 
in Injuries 
Years Sex (Fractures) Petechiae 
18 Female Femur Moderate 
Ulna 
71 Female Pelvis Absent 
Femur 
Tibia-nbula 
23 Male 'Tibia-hbula Absent 
(compound) 
40 Female Femur Absent 
Tibia-fibula 
23 Male Femur Absent 
Ulna 
20 Male Tibia-£bula Marked 
(bilateral- 
compound) 
48 Male Pelvis Absent 
Femur 
(bilateral) 


Lowest 
Pao» C.N.S. 
Chest X-Ray (mm. Hg) Changes 
Diffuse 47 Absent 
stippling 
Equivocal 47 Lethargy, 
days 5 and 6* confusion 
Bilateral 50 Absent 
infiltrates 
Bilateral 38 Absent 
infiltrates 
Bilateral 40 Confusion 
infiltrates 
Equivocal 55 Absent 
Bilateral 45 Absent 
infiltrates 


* Massive fat embolism at post mortem examination. 


ing and following 15 minutes of 100% 
oxygen administered using a rubber mouth 
piece and nose clip with a low resistance 
valve. Arterial punctures were done with 
local anesthesia to reduce anxiety and pain. 
The patient took deep breaths and coughed 
a few minutes prior to sampling to improve 
distribution of inspired air. The arterial 
blood sample was placed in an ice bath 
and analyzed on a blood gas analyzer (In- 
strumentation Laboratory Model IL-113- 
52) within 15 to 30 minutes of sampling. 
The instrument was calibrated with stand- 
ard buffer solution, room air, 100% oxygen 
and 5% carbon dioxide. 

The single breath carbon monoxide dif- 
fusing capacity (Dco) was measured in 
duplicate at the bedside.” The patient's 
position ranged from supine to approxi- 
mately 35 degrees depending on mobility. 
The lung volume was obtained simulta- 
neously from the single breath neon dilu- 
tion. Alveolar gas samples were analyzed for 


neon and carbon monoxide using a gas 
chromatograph (Hewlett-Packard Model 
700). All measurements were calculated in 
ml./min./mm. Hg and corrected to the 
equivalent of 15 Gm. of hemoglobin for 
men and 14 Gm. for women using the fol- 
lowing formula: 


( ‘5 grams X 0.5 
patients hemoglobin 


+ os) 


X observed diffusing capacity.9.2 


The results were expressed as a percentage 
of predicted normal based on the lung 
volume at which the measurement was 
made using the formula: 


Predicted Doo = Va STPD x 4.83 + 8.1; 


where V, STPD is alveolar volume at 
standard conditions of temperature and 
pressure and 4.83 and 8.l are constants 
obtained from measurements on 100 normal 
subjects in our laboratory. We then ob- 
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TABLE 2. Results of Arterial Blood Gases and Diffasing Capacity 


1. 175 - No. 1 


Paos on 100% Diffusing Total Lung 
Day Following Pade Oxygen Pacos pH Capacity (liters) 
Injury (mm. Hg) (mm. Hg) (mm. Hg) (units) Deco) B WA ato 
I. Fractures with Fat Embolism? 
1 61.8 + 9.3 524 + 26.0 35.2 + 4.6 7.41 — 0.05 101.7 + 17.0 3.46 + 0.07 
2 50.0 + 7.5 384 + 137.8 35.0 + 5.5 7.45 = 0.05 104.2 + 27.8 3.73 +: 1.14 
3 59.8 + 11.8 34.8 -- 5.2 7.47 + 0.03 105.5 + 29.0 3.43 + 0.45 
4 59.0 + 12.0 33.2 + 6.9 7.47 c 0.05 
Convalescence 85.2 + 8.7 546.7 + 50.6 35.8 + 3.1 7.45 + 0.03 107.2 + 16.0 4.24 + 1.11 
II. Fractures without Fat Embolism*® 
A--No Pre-existing Pulmonary Disease”: 
1 76.2 + 9.8 525 + 6.2 34.1 + 3.5 7.44 + 0.02 907.7 + 17.3 4.89 +. 0.77 
2 74.4 + 9.9 33.0 + 3.4 7.46 + 0.03 885.3 + 13.9 4.79 =- 0.98 
3 74.1 + 10.5 32.8 + 4.1 7.47 + 0.04 94.4+ 18.4 4,86 + 1.14 
Convalescence 79.1 + 9.2 536 + 22.4 35.4 + 4.0 7.44 -+ 0.02 90.0 + 17.0 4.95 + 1.19 
B—With Chronic Obstructive Lung Disease? 
1 61.7+4.8 499,5 + 42.0 32.6 + 2.0 7.45 4 0.02 92.5 + 10.8 4.52 + 0.69 
2 61.6 4 7.3 31.2 + 2.6 7.48 - 0.02 76.8 + 192 4.44 + 0.74 
3 59.8 + 3.2 32.4 + 4.1 7.47 3: 0.02 71.8 + 17.7 4,29 + 0.59 
Convalescence 69.3 + 5.2 475.8 + 75.2 35.7 + 3.9 7.45 z 0.03 71.7 4 17.2 4.88 + 0.91 


All results in table are given with their standard deviation. Dco values are expressed as a percentage of predicted 
normal based on the lung volume at which the test was done. Dco and tctal lung capacity measurements were not 


done on all patients with fat embolism. 


tained an antero-posterior supine chest 
x-ray, a routine hemogram including retic- 
ulocyte and platelet counts, sedimentation 
rate, prothrombin and partial thrombo- 
plastin times and quantitative fibrinogen. 
Serum bilirubin, caleium and triglycerides 
were also measured. Serum protein and 
lipoprotein electrophoresis and serum lipase 
were measured when there was particular 
suspicion of fat embolism. 

The patients were re-examined on 3 or 4 
consecutive days to detect petechiae, new 
neurological or pulmonary signs or signif- 
icant changes in vital signs. Room air 
blood gas studies, Dco, and most hema- 
tology and biochemistry studies were re- 
peated daily. Serial measurements of 
arterial oxygen tension (Paos) during 
100% oxygen breathing and serial chest 
x-rays were done when significant hypox- 
emia developed. Patients with hypoxemia 
were followed until the Paos had returned 
to normal, All patients had repeat room air 


and 100% oxygen blood gas measurements 
and Deo studies from 5 days to 4 months 
following injury. 


Results 
I. Fractures with Fat Embolism (Table 1) 


1. Arterial Blood Gases and Diffusing 
Capacity (Doo) (Table 2). None of the 
seven patients developed CO; retention. 
They showed marked hypoxemia with 
slight respiratory alkalosis (Table 2). 
Figure 1 shows Paos results in 13 patients 
with multiple fractures. Six developed 
clinical fat embolism and are represented 
by the lower solid line. All patients with 
fat embo_ism had a Pao; less than 55 mm. 
Hg. This mean is significantly different 
from the 48-hour mean of the group with- 
out fat embolism (p « 0.01). In all cases 
the hypoxemia was initially — unsus- 
pected and was usually the earliest evi- 
dence of fat embolism. The 10096 oxygen 
breathing test revealed moderate to marked 
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degrees of intrapulmonary shunting (Table 
2). 
The Doo decreased by more than 25% of 
predicted nomal in three of the seven pa- 
tients in the early post injury period (pa- 
tients 1, 3, 5). Several diffusion values were 
relatively stable and within normal limits in 
the other patients in whom it could be mea- 
sured (Table 2). 

2. Hematology and Biochemistry Re- 
sults. These results are given in Table 3. 
The abnormalities are inconsistent. Lowest 
platelet counts were found in two patients 
with marked pulmonary fat embolism (pa- 
tients two, seven) but no petechia, whereas 
platelet values were in the low normal 
range in a patient? who had mild fat 
embolism with a florid petechial rash. 
Serum triglycerides were normal in almost 
all patients. Serum lipase values were 
slightly elevated only in one case of fat 
embolism and serum lipoprotein electro- 
phoresis was normal in five patients with 
fat embolism. 


II. Fractures without Fat Embolism 


1. Arterial Blood Gases and Diffusing 
Capacity (Dco) (Table 2). There was usu- 
ally a mild respiratory alkalosis with Paco, 
always below 45 mm. Hg. Metabolic 


100 


Pad; 
{mm.Hg.] 
90 - 


Fic. 1. Pao» in the 13 
patients with multiple 
fractures. Open circles 
represert seven patients 80 
without fat  embolism. 

Closed circles represent 

six patients with fat em- 70 
bolism. Lines and bars 
are one standard devia- 
tion. Mean Pao» at 48 
hours in patients with fat 
embolism (50 mm. Hg) 50 
is significantly different 

from that of patients 

without fat embolism (80 40 
mm. Hg) (p < 0.01). 
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acidosis (pH 7.18) due to severe unsus- 
pected diabetic keto-acidosis was found in 
one patient. Pade frequently dropped fol- 
lowing general anesthesia with most post- 
operative values being in the 65-75 mm. 
Hg range. Some values were lower when 
obtained within a few hours of operation 
while the patient was still somnolent, but 
all were consistently above 55 mm. Hg. 
The mean initial postoperative Pao» in the 
patients with chronic obstructive lung 
disease (none of whom had major multiple 
fractures) was 59 mm. Hg. and their Pao; 
following 15 minutes of 100% oxygen 
breathing was always less than 500 mm. Hg. 
The other patients had values consistently 
above 500 mm. Hg which we took as the 
lower limit of normal in a supine patient *? 
( Table 2). 

Dco values varied up to about 15% when 
repeated daily in a given individual. The 
greatest variation was found in the patients 
with chronic obstructive lung disease. Four 
patients without clinical fat embolism and 
no evidence of chronic obstructive lung 
disease showed a fall in Doo without signif- 
icant hypoxemia. 


2. Hematology and Biochemistry Re- 
sults (Table 3). There were no changes 
diagnostic of major hemolysis or intra- 


MULTIPLE FRACTURES 
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=æ without Fat Embolism 
=—@— with Fat Embolism 


Convalescence 
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vascular coagulation. Serum triglyceride 
and lipase values were either normal or 
rarely slightly elevated. Serum bilirubin 
levels tended to be elevated within the 
initial days following major fractures. No 
patient developed a serum calcium lower 


than 8 mg./100 ml. 


Discussion 


It is generally agreed that the char- 
acteristic petechial rash is diagnostic of fat 
embolism. Radiological lung changes and 
the detection of fat in the lungs at autopsy 
are considerably more controversial We 
have selected these criteria because they 
appear to be more helpful than others in 
making the diagnosis of fat embolism. Our 
results suggest another aid in diagnosis; the 
invariable presence of marked hypoxemia is 
clinically significant in cases of fat em- 
bolism. 

A marked fall in Paos was associated 
with clinical pulmonary fat embolism and 
was the eaxliest indication of this complica- 
tion in most cases. All patients with clinical 
fat embolism had a Paos less than 55 mm. 
Hg within 48 hours of injury ( Fig. I, Table 
2). There are four possible mechanisms of 
this arterial hypoxemia: (1) alveolar hypo- 
ventilation, (2) ventilation: perfusion in- 
equality, (3) venoarterial shunting and (4) 
decreased diffusing capacity. We ex- 
cluded alveolar hypo-ventilation as the 
cause of hypoxemia by the finding of a 
Paco; of less than 45 mm. Hg in all but one 
of our patients. The commonest cause of a 
low Paos is decreased ventilation of some 
alveolar units with respect to their per- 
fusion. As end capillary blood is normally 
almost completely saturated, an increase in 
ventilation of normally functioning lung 
units cannot compensate for the decreased 
oxygen content of blood leaving poorly 
ventilated areas. When an alveolus is 
completely non-ventilated it acts as a right 
to left shunt and as such represents one 
extreme in the spectrum of ventilation: 
perfusion inequalities. The degree of shunt- 
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ing can be assessed by 10096 oxygen 
breathing for 15-30 minutes. Pure oxygen 
breathing overcomes the possible effects of 
hypoventilation, decreased ventilation: per- 
fusion ratio and of decreased diffusing 
capacity. A resulting Paos lower than 500 
mm. Hg is due to a right to left shunt-like 
effect.” The amount of shunting seen in 
our patients with fat embolism paralleled 
the severity of hypoxemia, the extent of 
radiological change and the clinical course. 
With few exceptions all values were normal 
in the non-fat embolism group, except in 
the patients with chronic bronchitis (Table 
2^. The rapid reversal of shunting in mild 
fat embolism may be due to resorption of 
interstitial pulmonary edema and to sur- 
factant regeneration. Free fatty acids may 
be released in pulmonary capillaries by the 
hydrolysis of fat macroglobules causing 
greatly increased permeability from direct 
damage to endothelial and septal cells.1® +» 
20, 44 In severe cases alveoli are filled with 
desquamated cells, red and white blood 
cells, secretions and plasma and take con- 
siderably longer to recover normal function. 
Assessment of the amount of shunting was 
helpful in evaluating the relative contribu- 
tion made by alveolar collapse to the 
hypoxemia.?* 

The effects of pulmonary micro-embolism 
may be related to the degree of capillary 
obstruction, to the physical and chemical 
nature of the emboli and to secondary 
changes that occur locally following im- 
paction.? It has been shown experimentally 
that barium sulphate micro-embolism and 
injections of serotonin or histamine produce 
alveolar duct constriction which increases 
airways  resistance.:^ ?» *! This adjusts 
ventilation to blood flow by decreasing the 
local ventilation to  embolized areas. 
Broncho-constriction in non-embolized areas 
results in a decreased ventilation to per- 
fusion ratio and therefore hypoxemia. A 
similar mechanism may lead to alveolar 
instability and collapse in fat embolism 
producing hypoxemia by ventilation: per- 
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fusion inequality and shunting. Platelet 
aggregates disintegrating in the pulmonary 
capillaries may release adenosine triphos- 
phate producing broncho-constriction and 
adding to ventilation: perfusion inequality. 
Pulmonary hypertension in fat embolism 
may result from micro-embolic plugging 
and from the vasoconstricting effects of 
serotonin, histamine, hypoxemia, com- 
pression from areas of collapse and particu- 
late and vaso-active substances in trans- 
fused blood. 11, 20, 24, 39 

The diffusing capacity is a measure of the 
alveolar capillary surface area available for 
gas transfer. ^ A reduced Dego in fat 
embolism may result from: 

a) longer path for carbon monoxide from 
alveolus to hemoglobin caused by thicken- 
ing of the alveolar membrane by interstitial 
or alveolar edema or by the deposition of 
neutral fat in endothelial and septal cells. 

b) a decreased surface area for diffusion 
resulting from a decreased pulmonary capil- 
lary blood volume. It is unlikely that dif- 
fusion limitation contributed to the hypox- 
emia observed in our patients with fat 
embolism. The reserve for oxygen transfer 
is so great that blood leaving the capillaries 
may be fully oxygenated even when the 
diffusing capacity is 50% of normal. Gold 
and associates showed that the Pao; did not 
fall following lymphangiography when the 
Doo had decreased 4096. The low Deo in 
some patients with femoral or multiple 
fractures who did not develop recognizable 
fat embolism may be due to reversible sub- 
clinical pulmonary capillary obstruction 
caused by embolic fat and cellular aggre- 
gates.!? We did not find Doo measurements 
of diagnostic value in our small series of 
patients, because of the leck of control 
values and the normal variation of the mea- 
surement. However, if this test was per- 
formed routinely in all patients with long 
bone fractures, a sudden fall in Deo could 
be the earliest evidence of pulmonary 
capillary obstruction by fat particles and 
cellular aggregates. The diagnostic value 
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of the diffusing capacity in fat embolism 
requires -urther study. 

Alveolar collapse occurs in the early 
trauma-operation phase from immobility, 
dehydration. sedation and restricted venti- 
lation. The decreased Pao, noted in 
fractures folowing general anesthesia are 
related to many well recognized pre, intra- 
and pos-operative factors. These cause 
decreased ventilation of perfused areas of 
lung. Veao-arterial shunting through small 
diffuse sibradiological areas of atelectasis 
also contributes to this transient hypox- 
emia.'9 The postoperative Paos values in 
our patients were always higher than those 
in patients with fat embolism. We have 
shown a clear distinction between fractures 
which are complicated by fat embolism and 
others which are not on the basis of signif- 
icantly lower Pao, values during the 
initial 7z hours in the fat embolism group 
(Fig. 1; It is essential to be aware of such 
marked, but inapparent, hypoxemia as part 
of the oreoperative assessment of these 


patients. 
Patienzs with non-specific post-traumatic 
respiratory insufficiency show alveolar 


hyperventiletion with respiratory alkalosis 
and hypoxemia.?* Marked hyperventilation 
(Paco, 20-30 mm. Hg) was not observed 
in our patients with fat embolism. Their 
Pacos were similar to patients who did 
not develop fat embolism ( Table 2). Classi- 
cal pulironary fat embolism is reported to 
be associated with marked tachypnea, 
dyspnea, copious tracheobronchial secre- 
tions and eztensive bilateral pulmonary in- 
filtrates.=* ?* 26 We did not observe this 
pattern, probably because pulmonary fat 
embolism was detected early in all our 
cases «nd treated with supplemental 
oxygen. The absence of marked tachypnea 
may be due to oxygen therapy which kept 
Paos above the 40 mm. Hg range when 
aortic and carotid chemoreceptors are 
effectively stimulated? The slight con- 
fusion noted in a few of the patients with 
fat embolism was non-specific and could 
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not be attributed to the effects of hypox- 
emia and hypocapnia on cerebral function. 
When underlying chronic lung disease, 
thoracic trauma or reduced circulatory com- 
pensation to hypoxemia are complicated by 
a moderate degree of fat embolism, well 
tolerated in a normal patient, the result can 
be fatal. The interpretation of our data was 
simplified by the absence of patients with 
respiratory acidosis, sustained hypotension 
below 80 mm. Hg, important pulmonary 
infection or major thoracic trauma. None of 
the patients who developed fat embolism 
had chronic obstructive lung disease which 
is frequently associated with hypoxemia. 
The Pao; may be very low following major 
injury in such patients in the absence of fat 
embolism. Blood gas measurements may be 
of limited value in detecting fat embolism 
in this group. 


Hematological and Biochemical Results 


We attempted to correlate gross changes 
in coagulation with the development and 
evolution of pulmonary fat embolism be- 
cause of previous evidence of disseminated 
intravascular coagulation in its patho- 
genesis." * 22 23 The determinations were 
made at approximately 24 hourly intervals, 
hence we may have missed some of the 
oscillating changes reported by others who 
performed coagulation tests more fre- 
quently.® 15 21:87 In major trauma throm- 
boplastins are released from damaged tis- 
sue, from the lysis of aggregated red cells 
and platelets and may be introduced in 
transfused blood initiating intravascular 
coagulation with consumption of clotting 
factors." Our coagulation studies showed 
no evidence of significant intravascular co- 
agulation (Table 3). A 3 or 4 Gm drop in 
hemoglobin was not observed and un- 
expected anemia did not coincide with the 
onset of pulmonary symptoms. The anemia 
in our patients was attributed to losses at 
the fracture site.> There were no major 
increases in bilirubin with associated 
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marked reticulocytosis or anemia to suggest 
hemolysis. Platelet counts were low normal 
in most patients. Lowest values were re- 
corded in the first 3 or 4 days in the few 
patients who developed fat embolism and 
who required many transfusions. The low 
platelet counts were more likely due to the 
infusion of platelet poor blood than to their 
consumption in intravascular coagula- 
ticn.** 97 3 Partial thromboplastin and pro- 
thrombin times and serum fibrinogen levels 
were generally unremarkable; occasional 
abnormal values were noted in patients 
with multiple or femoral fractures with and 
without fat embolism. The observed 
changes in coagulation did not differ signif- 
icantly in each group and were not of any 
diagnostic value (Table 3). 

It is unlikely that the hyperlipidemia re- 
ported by O'Driscoll and Powell? follow- 
ing fractures is due to hypertriglyceridemia. 
With few exceptions, all our triglyceride 
values were normal suggesting that the in- 
crease in total serum lipids they reported 
occurs mainly in the cholesterol or phos- 
pholipid fractions. Serum lipoprotein 
electrophoresis was normal in five patients 
with fat embolism indicating that major 
abnormalities in lipid transport are not 
common in a population of the type we 
studied. Serum lipase value were normal or 
only slightly elevated in those patients 
with fat embolism in whom they were mea- 
sured. There was no correlation between 
the severity of fat embolism and lipase 
values. Measurements of serum free fatty 
acids and phospholipids might have been 
more helpful in the assessment of these pa- 
tients but were not routinely available. 


Summary and Conclusions 


Six of 13 patients studied following mul- 
tiple fractures developed fat embolism. One 
case of fat embolism occurred in the 29 
patients with isolated fractures. Pulmonary 
fat embolism was invariably present when 
the arterial oxygen tension was lower than 
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990 mm. Hg during the 72 hours following 
injury. We found this the most reliable di- 
agnostic test in patients whe did not have 
chronic obstructive lung disease or major 
head or chest injury. 


The hypoxemia was due to ventilation: 


perfusion inequality and shunting. It was 
usually unsuspected and prozressed during 
the interval between injury and the devel- 
opment of recognizable fat embolism. 


The single breath carbon monoxide dif- 


fusing capacity was of limited value in the 
diagnosis of fat embolism. Measurements 
of serum triglycerides and some coagula- 
tion factors were not helpful. 


in 


Arterial blood gases should be measured 


all patients with multiple fractures, 


particularly when the femur is involved, 
and repeated at 12 to 24 hour intervals for 
3 days. Fat embolism can be recognized 
early in this way and treatment instituted. 
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Critical Factors in Resuscitation of 
the Severely Burned Rat: 


The Relative Merit of Volume, Tonicity, Sodium Load 


? 


and Concentration of the Solution Used 


hosERr E. Casar, M.D., Bonnie H. Bowser, VALERIA SMITH, 
JEANIE ENLOE, FRED T. CALDWELL, M.D., 
WiLLIAM J. Francan, M.D. 


From the Department of Surgery, University of Arkansas Medical Center, 
Little Rock, Arkansas 


THe work of McCarthy * and Markley ° 
demonstrated that hypertonic saline was 
more effective than isotonic or hypotonic 
saline for resuscitation of severely burned 
mice and rats. Clinicians have been slow to 
apply these early studies to the treatment 
of burned man, although Monafo* has 
recently treated a series of patients with 
severe burns using hypertonic sodium 
lactate with excellent results. 

The general trend in the treatment of 
burn shock has been toward larger and 
larger volumes of hypotonic saline. That 
this is as effective in preventing death from 
burn shock, as any treatment regimen, is 
attested to by the results of Wilson and 
Stirman ** and Moyer et al? Most attention 
in recent years has been focused on the 
value of colloid and pharmacologic agents 
in the treatment of burn shock, such as the 
extensive study by Moncrief. Pruitt, re- 
viewing the experience of the Brooke Army 
Burn Unit, stated, “Clinical observations at 
this unit have confirmed the ineffectiveness 
of resuscitation fluids in restoring blood 
volume during the first 24 to 36 hours post- 
burn. In fact, it appears that the extra- 
vascular fluid loss rates closely parallel the 
rates of fluid administration during this 
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period of time. It is suggested that there 
exists some minimal volume of resuscita- 
tion fluid of maximum effectiveness which 
it is unnecessary to exceed in the resuscita- 
tion period." 

The use of presently popular fluid reg- 
imens and current indices of adequate 
therapy invariably leads to accumulation 
of salt and water in unburned parts, 
hyponatremia, and hypoalbuminemia. Fur- 
thermore, acute overload remains the most 
frequent cause of death during the first 48 
hours postburn. The indices used to deter- 
mine adequate resuscitation, such as rate 
of urine flow, central venous pressure, 
hematocrit, and vital signs, are important 
to monitor, but may well be poorly cor- 
related with whether the patient needs 
more or less fluid administered at a faster 
or slower rate. The present studies were 
performed to define the dynamics of fluid 
sequestration following a standard scald 
injury, with no treatment and with several 
treatments varying in volume, sodium con- 
centration, and osmolality. 


Methods and Materials 


Male Sprague Dawley rats of similar age 
and weight range were used as experi- 
mental animals. The animals were housed 
in individual cages in a constant tempera- 
ture room maintained at 28° C. and 35 to 


SC 
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45% relative humidity. Unfasted animals 
selected at random were anesthetized with 
ether, and through a midline neck incision 
a PE 10 catheter was placed in a jugular 
vein, and a PE 50 catheter in a common 
carotid artery. The wound was closed and 
the catheters secured to the neck with tape. 
Then, with the animal still anesthetized, 
the back and flanks were clipped following 
which burns were produced by immersion 
of the back in water at 90° C. for 30 
seconds. The average size of the resulting 
full thickness burns was 33 + 1.7% of the 
body surface area. Control animals were 
handled in the same way except that no 
burns were produced and no fluids were 
given. The animals were placed in individ- 
ual metabolic cages, with intravenous in- 
fusions started at once and continued for 
the first 10 hours postburn. The infusions 
were briefly interrupted at 1 and 3 hours 
postburn to give intravenous pushes. After 
10 hours the animals were allowed water, 
and after 24 hours they were offered a 
sodium free diet. 

All urine was collected from the time 
the infusions were started, with 0-10 hours, 
10-24 hours and 48-72 hours as the collec- 
tion periods. The volume, osmolality, and 
sodium and potassium concentration were 
determined for each urine specimen. Ani- 
mals were weighed at 10, 24, 48, and 72 
hours postburn, Blood taken from the ca- 
rotid artery catheter at 6, 10, and 24 hours 
postburn was used for measurement of 
serum sodium and potassium concentra- 
tion, pH, Po» Pco,, osmolality, hematocrit, 
and plasma water content. Blood with- 
drawn for these analyses was replaced with 
whole fresh blood taken from healthy donor 
rats. Rectal temperatures were determined 
at 10, 24, 48, and 72 hours postburn. 
Twenty-four and 72 hours postburn, groups 
of animals were sacrificed with an over- 
dose of ether. The burn eschars and a com- 


parable area of normal skin from unburned 


contro] animals were excised and weighed, 
and the area then determined by planim- 
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etry. From these measurements the weight 
/cm.? was determined for skin and eschar. 
Seven treatments were investigated using 
this format: 

1. L/R Group. Lactated Ringers solu- 
tion (L/R) equal to 18% of the body 
weight (B,). Fourteen per cent was given 
as a steady intravenous drip over 10 hours 
and 2% as an intravenous push at l and 
3 hours postburn. 

2. L/R-Urea Group. L/R with 2% urea 
equal to 18% of the By. Fourteen per cent 
was given as a steady intravenous drip over 
the first 10 hours, and 296 as an intravenous 
push at 1 and 3 hours postburn. 

3. HLS 8 Per Cent Group. Hypertonic 
lactated saline solution equal to 896 of 
the B,. Six per cent was given as a steady 
intravenous drip and 195 as an intravenous 
push at 1 and 3 hours postburn. The HLS 
solution contained 300 mEq./l. of sodium, 
200 mEq./l. of lactate, and 100 mEq./l. 
of chloride. 

4. HLS 12 Per Cent Group. HLS equal 
to 12% of the Bw. Eight per cent was given 
as an intravenous drip and 2% as an intra- 
venous push at 1 and 3 hours postburn. 

3. HSC 8 Per Cent Group. Hypertonic 
sodium chloride (1.7596) equal to 896 of 
the B,. Six per cent was given as an intra- 
venous drip and 196 as an intravenous push 
at 1 and 3 hours postburn. 

6. Burn No Rx Group. No intravenous 
treatment was given, and there was no ac- 
cess to water. 

7. Unburned Control. The HLS, L/R- 
Urea and HSC solutions had the same os- 
molality—600 mOsmol./Kg. of water. All 
treatments contained the same sodium load 
except for the HLS 12% group which re- 
ceived 1.54 times as much sodium as the 
other treatment groups. From the measure- 
ments made, AB,, sodium and potassium 
balance, water balance and free water 
clearance were calculated. The osmolality 
of blood and serum samples was deter- 
mined with an Advanced Instruments os- 
mometer and urinary and plasma sodium 
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TABLE 1. Mean Plasma Osmolality, Sodium and Potassium Concentration, and Large 
Vessel Hematasrit for All Groups at 6, 10, 24, 48 and 72 Hours Postburn 





Hours 
Postburn L/R L/R-Urea HLS 8%  HLS129j | HSC 89$ Control 
Sodium 
6 M 140 139 146 151 151 143 
SD 4.3 7.4 7.8 4.0 4.8 4.9 
10 M 146 140 153 152 152 145 
SD 6.7 1.3 10.1 5.4 6.1 5.9 
24 M 140 142 138 144 143 142 
SD 4.7 4.6 7.5 6.3 5.9 6.7 
72 M 136 140 137 139 141 136 
SD 5.3 4.4 6.2 4.6 3.3 4.3 
Potassium 
6 M 4.7 5.2 4.2 4.0 5.4 4.7 
SD 0.30 1.4 0.71 0.56 1.4 0.44 
10 M 5.6 6.0 4.6 4.3 4.9 5.2 
SD 0.61 1.3 0.74 0.70 0.50 0.91 
24 M 4.6 4.6 3.9 4.3 5.4 4.8 
SD 0.76 0.42 0.68 0.57 0.79 0.59 
72 M 4.6 4.8 5.4 5.3 5.9 9.2 
SD 0.58 0.43 0.50 0.49 0.88 0.94 
Osmolality 
6 M 285 305 305 307 312 288 
SD 2.3 oH 3.2 Iti 13.3 3.9 
10 M — — — — eee — 
SD — — = — — — 
24 M 296 293 294 297 303 294 
SD 10.1 15.1 10.8 6.7 15.8 3.1 
72 M 299 295 291 294 297 294 
SD 3.6 6.7 4.3 6.5 10.9 14.4 
Hematocrit 
6 M 39 40 39 38 41 46 
SD 4.2 4.4 3.8 3.6 4.7 2.2 
10 M 38 37 37 36 39 44 
SD 5.3 1.6 2.8 3.2 3.0 22 
24 M 32 31 32 31 32 43 
SD 5.7 2.0 2.4 2.5 4.8 3.4 
72 M 33 35 36 34 33 43 
SD 4.3 23 1.8 2.4 2.4 1.8 
Sodium and potassium expressed as mEq./1. Hematocrit performed on carotid blood. 
Osmolality = mOsmol./Kg. of water. SD = standard deviation of the mean. 
and potassium concentrations were deter- blood samples were determined with the 


mined with an Instrumentation Laboratory Instrumentation Laboratories Model 113-S1 
flame photometer using an internal lithium pH and blood gas analyzer. 
standard. The pH, Peo, and Po, of arterial Differences between mean values for the 


Ann. Surg. e Jan. 1972 FACTORS IN RESUSCITATION OF THE SEVERELY BURNED RAT 141 


Vol. 175 - 


parameters measured and calculated were 
tested for significance using the analysis of 
variance and Duncan's multiple range test. 
The null hypothesis was rejected at the 
0.05 level of probability. 


Results 


Plasma Sodium and Potassium Con- 
centrations. The plasma sodium and potas- 
sium concentrations, osmolality and LV 
hematocrit data are summarized in Table 
1. The HLS 8%, HLS 12%, and HSC 8% 
groups all had significantly higher serum 
sodium concentrations than the L/R and 
L/R-urea groups at 6 and 10 hours post- 
burn, while there were no significant dif- 
ferences between the L/R, L/R-urea, and 
control groups. Twenty-four hours post- 
burn there were no significant intergroup 
differences in plasma sodium concentra- 
tion. Urea did not significantly alter the 
plasma sodium concentration. Once the 
groups were allowed access to water the 
plasma sodium concentration of the three 
groups receiving hypertonic sodium solu- 
tions returned to normal within 14 hours or 
less. The hypernatremia observed in these 
groups had no detectable detrimental 
effects. 

The HLS 8% and HLS 12% groups also 
demonstrated significantly lower plasma 
potassium concentrations than the other 
treatment groups. The lower plasma potas- 
sium concentrations in these groups may 
reflect intracellular shifting of potassium 
for hydrogen secondary to the metabolic 
alkalosis observed in these three groups. 
This is supported by the fact that all treat- 
ment groups had the same potassium bal- 
ance. The lower plasma potassium, al- 
though not significant, was still present at 
24 hours. There were no intergroup differ- 
ences in plasma potassium concentration 
after 72 hours. 

Plasma Osmolality. Six and 10 hours 
postburn the L/R-urea and hypertonic sa- 
line groups had significantly greater plasma 
osmolalities than the L/R and control 


groups, with no differences between the 
latter two groups. Inspection of Table 1 
shows that plasma osmolality and sodium 
concentration closely paralleled one an- 
other; the obvious exception is the L/R- 
urea group. 

Hematocrit. There was a significant pro- 
gressive decrease in LV hematocrit in all 
treatment groups compared with the con- 
trol group. At 72 hours postburn the aver- 
age decrease in hematocrit was 2196. There 
were no significant intergroup differences 
in nematocrit between burn groups. 

Plasma Water Content. Measurement of 
plasma water content at 24 and 72 hours 
postburn did not demonstrate any differ- 
ence between the burn and control groups. 
This finding is consistent with the absence 
of any intergroup differences in plasma 
sodium concentration at these times. 

Changes in Body Weight (B,). The 
data for AB,,, sodium, potassium, and water 
balance are summarized in Table 2. At 10 
hours postinjury the L/R group had gained 
significantly greater B, than any other 
treatment group, followed by the L/R-urea 
group which demonstrated significantly 
greater increase in B, than the three hy- 
pertonic saline groups. The HLS 8% and 
HSC 8% groups actually lost B, during 
the 10 hours of intravenous treatment, 
while the HLS 12% group showed a small 
increase in B,. The differences in B, be- 
tween the three hypertonic saline groups 
were not significant. Twenty-four hours 
postburn and thereafter there were no dif- 
ferences in B, among the treatment 
groups, as shown in Figure 2. 

The effect of hypertonic sodium solutions 
with Jactate or chloride was to lower the 
rate of gain in B,. Part of this is surely 
secondary to the lower total water load 
received by all three hypertonic saline 
groups. However, a major cause is the di- 
uresis driven by the hypertonic saline solu- 
tions. Inspection of the urine volumes 
shown in Table 4 and sodium balances in 
Table 2 shows that the hypertonic saline 
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TABLE 2. The Mean Changes in By, Sodium, Potessir-m, and Water Balance 
fer All Groups at 10, 24, 48 and 72 noure Postburn 
Hours 
Postburn L/R L/R-Ura HLS&% HLS129; HSC 8% Control 
A Bw 
10 M +6.9 +4.0 —0.6 +0.1 —1.2 —7.7 
SD 2:9 1.4 14 1.6 0.96 2.6 
24 M — 0.88 +0.26 —32 —1.7 —1.0 — 11.9 
SD 3.9 2.8 2.5 1.7 3.2 2.9 
48 M --1.9 +1.8 +14 +2.9 —1.9 —1.6 
SD 4,4 3.7 52 5.2 2.6 5.0 
72 M +0.23 +6.3 —0.20 +1.6 —1.2 — 1.6 
SD 3.3 4.7 13 6.6 4.5 5.6 
Na Balance 
10 M +2.2 124 T-1.6 +1.9 +1.6 — 0.18 
SD 0.09 0.12 0.17 0.27 0.18 0.07 
24 M 4-1.9 j-1.9 +15 +1.7 41.5 — 0,29 
SD 0.23 0.24 0.16 0.27 0.21 0.14 
48 M +1.8 1-1.7 +14 +1.6 +1.4 —0.39 
SD 0.26 0.29 1.6 0.24 0.18 0.14 
72 M +-1.6 +1.6 +13 +1.5 +1.3 —0.48 
SD 0.32 0.29 0.18 0.22 0.18 0.13 
K Balance 
10 M —0.67 —0.68 —0.c4 —0.78 —0.67 —0.40 
SD 0.08 — 0.09 0.09 0.16 0.08 
24 M —1.1 —1.6 —11 —141 —1.1 —0.55 
SD 0.33 0.09 0.29 0.29 0.21 0.20 
Water Balance 
10 M +12.2 +10.8 +47 +5.8 +3.8 —3.3 
SD 0.35 1.39 0.£4 1.4 — — 
24 M —1.2 —5.1 +3.3 +5.6 +5.3 —0.40 
SD 0.90 0.78 3 3 1:5 — 1.2 
48 M --6.0 +5.0 +92 +8.8 +6.1 4-5.2 
SD 1.6 1.8 34 3.4 3.2 2d 
72 M 4-7.8 +8.0 +6 6 +7.4 -+10.0 +6.9 
SD 2.0 2.1 21 4.4 2.0 2.0 


A By = Change in Body weight/100 Gm. 
Na and K balance = mEq./100 Gm. By. 


Water balance = ml./100 Gm. By. 


groups retained much less sodium, while 
maintaining a high rate of urine flow. The 
inevitable result was less increase in B, 
in these groups. Under the conditions of 
maximum antidiuresis following burning, 
hypertonic sodium is a far more effective 
diuretic than an increase in osmolality re- 
sulting from urea. 


Sod-un- Balance. All treatment groups 
except the HLS 1296 group received the 
same rodium load. Ten hours postburn the 
L/R end L/R-urea groups had a signifi- 
cantly g-eater positive sodium balance 
(27% ) tkan HLS 8% and HSC 8% groups, 
and 12.6% greater than the sodium retained 
by the ELS 12% group. This pattern of 
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HOURS POST- BURN 
1. The average change in body weight 


ie. 7100 Gm. body weight) for all experimental 
groups for the entire 72-hour experimental period. 


differences was persistent, with positive 
sodium balance for all groups decreasing 
during the 72-hour period of observation. 
The control group received no sodium and 
had a negative sodium balance throughout 
the study period. Data pertaining to so- 
dium balance are shown in Figure 2. 
Water Balance. The HLS and HSC 896 
groups received 44% and the HLS 12% 
group 67% of the water load administered 
to the L/R and L/R-urea groups, and this 
is a major consideration in the determina- 
tion of water balance and AB,. Ten hours 
postburn the HLS 8% and HSC 8% 
groups demonstrated significantly less posi- 
tive water balance than the other treat- 
ment groups. The HLS 12% group also 
demonstrated less positive water balance 
than the L/R and L/R-urea groups. 
Twenty-four hours postburn there is an 
almost complete reversal of the situation 
with the L/R and L/R-urea groups show- 
ing a dramatic negative water balance 
while all other treatment groups show sig- 
nificant positive water balance. This phe- 
nomenon is reflected in the convergence of 
the mean change in B, for all treatment 
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groups between 10 and 24 hours postburn. 
Thereafter all treatment groups remain in 
positive water balance through 72 hours 
postburn with no significant intergroup 
differences. This process is shown in Figure 
1 which compares the B, change of all 
groups. Hypertonic sodium solutions are 
highly effective in preventing positive 
water balance while they are being admin- 
istered, even under conditions of maximal 
anti-diuresis. These data further demon- 
strate that the rate of sodium excretion 
under these circumstances is directly re- 
lated to plasma sodium concentration. Os- 
molality is not the most critical factor but 
rather sodium concentration of the glo- 
merular filtrate. 

Potassium Balance. During the first 24 
hours postburn potassium balance followed 
the well established results, with all treat- 
ment groups showing significantly greater 
negative potassium balance than the con- 
trol group, and with no significant inter- 
group differences between the burn groups. 
As the postburn diet contained potassium, 
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Fic. The average sodium balance (mEqg/ 
100 Gm. ody weight) for all experimental groups 
for the first 72 hours postburn. 
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balance studies were not done after 24 
hours. 

Arterial Blood pH, Poo,, and Po, The 
pH, Poo, and Po, data are summarized in 
Table 3. The HLS 8 and 12% groups had 
significant alkalosis at 6 hours postbum 
with a mean pH of 7.52 2: 0.04 for arterial 
blood. There were no other intergroup dif- 
ferences at 6 hours, and all groups except 
the HLS 1296 group showed a slight de- 
pression in Poo, compared with the control 
group. The normal Poo, with an elevated 
blood pH indicates a metabolic alkalosis 
related to the relatively large load of so- 
dium lactate given to the two HLS groups. 
At 6 hours postburn the HSC 8% and the 
L/R-urea groups demonstrated significantly 
higher Po, values than all other groups 
including the controls. These two also had 
the lowest Poo, values suggesting hyper- 
ventilation as the etiology for both. None 
of the groups or individual animals dem- 
onstrated acidosis or any significant degree 
of desaturation of arterial blood. 

Urine Volume, Osmolality and Sodium 
and Potassium Concentration, The data 
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for these parameters are summarized in 
Table =. Ten hours postburn the HLS 8% 
and HEC 896 groups produced significantly 
less urine than the other treatment groups, 
while the L/R-urea group produced sig- 
nificantly greater urine volume than all 
other zroups. All treatment groups had 
significantly greater urine volume than the 
control group. Between 10 and 24 hours 
postbu-n the HSC 8% group produced sig- 
nificantly less urine than the other treat- 
ment zroups, with no other intergroup dif- 
ferences. After 24 hours postburn urine 
volume related to how well the animals 
ate and drank, with no differences present 
among the groups. 

The HLS 12% group received the largest 
sodium load and at 10, 24, 48 and 72 hours 
postburn this group had the highest uri- 
nary sodium concentration and excreted 
the largest sodium load of any group. The 
HLS 3% and HSC 8% group had very 
similar urinary sodium concentrations and 
total amount of sodium excreted for all 
time periods, which were significantly less 
than the HLS 12% group for the first 10 


TABLE 3. The pH, Pecs and Po, of Arterial Blood for all Groups at Six and 24 Hours Poslburn 


Hours 
Postburn L/R L/R-Urea 
Arterial pH 
M 7.40 1.43 
SD 0.03 -— 

24 M 7.44 7.43 
SD 0.03 0.03 

Pog 
6 M 38 33 
SD 4.4 7.4 
24 M 37 33 
SD 4.2 5.6 

Po, 
6 M 93 100 
SD 8.3 7.6 
24 M 83 89 
SD 7:2 10.5 


Poo, and Po, expressed as mm. Hg. 


HLS 32% | HLS1295;  HSC 89$ Control 
Ta. 7.52 7.38 7.40 
0.03 0.06 0.05 = 
7.44 7.46 7.43 7.40 
0.02 0.04 0.06 0.04 

35 40 35 41 
59 6.1 2.0 6.0 
i) 34 37 36 
52 4.9 4.6 5.4 
3 92 104 89 
59 7.2 9.9 8.7 
£9 82 89 89 
3.5 13.3 14.0 3.9 
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TABLE 4. The Urine Volume, Osmolality and Sodium and Potassium Concentration 
for All Groups at 10, 24, 48 and 72 Hours Postburn 











Hours 
Postburn L/R L/R-Urea HLS 8% HLS12%  HSC8% Control 
Urine Volume 
0-10 M 17.7 22.3 9.9 18.2 11.5 5.4 
SD 2.4 3.4 2.8 3.4 2.7 2.1 
10-24 M 11.9 13.3 16.5 30 94 12.9 
SD 9 5 5.2 20 5.4 8.0 
24-48 M 28 28 21 25 21 17 
SD 8 23 11 12 14 11 
48-72 M 22 27 19 23 17 21 
SD 15 21 11 16 5 14 
Osmolality | 
0-10 M 121 1,090 1,210 977 1,244 1,245 
SD 249 166 124 141 264 423 
10-24 M 1,108 919 863 659 1,034 861 
SD 343 452 374 433 621 466 
24-48 M . 940 946 1,247 1,126 1,246 1,334 
SD |. 204 385 294 359 239 602 
48-72 M 1,309 1,338 1,195 1,294 1,474 1,061 
SD 564 757 291 547 354 343 
Na Concentration 
0-10 | M 33.7 34.6 220 285 207 102 
SD 18 20.1 35.2 54 33 48 
10-24 M 407 32.0 86.0 734 85.4 54.9 
29 16 83.2 _ 68.6 69.5 29.6 
24-48 M 19 26 25 14 65 23 
SD 15 20 41 9 101 17 
48-72 M 22 20 10 12 12 13 
SD 11 26 8 9 6 12 
K. Concentration 

0-10 M 129 115 225 137 220 220 
SD 19 26 52 35 64 125 
10-25 M 114 118 122 88 205 111 


SD 68 71 53 60 123 79 


Osmolality = mOsmol per Kg. of water. 
Sodium and potassium concentration in mEq./1. 


hours postburn but similar thereafter. The 
total sodium excreted by the two 8% 
groups during the 72-hour period was ap- 
proximately one half that of the HLS 12% 
group. The L/R and L/R-urea groups 
demonstrated significantly lower urine so- 
dium concentration and total sodium ex- 
creted for the first 24 hours with a total 
sodium excretion for the 72 hours of ap- 
proximately one half that of the two hyper- 
tonic 8% groups. Urea had little effect 


upon the rate of urinary sodium excretion, 
although the total sodium excreted by this 
group was significantly greater than for 
the L/R group. The effect of administer- 
ing the same sodium load given the L/R 
and L/R-urea groups as a hypertonic solu- 
tion was to drive a sodium diuresis, with 
less than one half as much sodium and 
water retained at the termination of the 
intravenous treatment. During the period 
of the intravenous infusions and maximum 
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antidiuresis the urine osmolality reflects 
the osmotic work load presented to the kid- 
ney. Thus at 10 hours postburn the L/R 
group had a significantly lower mean uri- 
nary osmolality than any other group. 
There were no other intergroup differ- 
ences at 10 hours or thereafter. 

Tubular Free Water Reabsorption. 
Tubular free water reabsorption was cal- 
culated for all groups for the first 10 hours 
postburn using the formula C,,,-V, where 
Cosm is equal to urine volume (pl./min.) 
times urine osmolality divided by plasma 
osmolality. The values were 35+ 10 for 
the L/R, 89-- 8.0 for the L/R-urea, 43 
+ 4.0 for the HLS 8%, 64 = 10 for the 
HLS 12%, 50+ 14 for the HSC 8% and 
35 +9.2 for the control groups, respec- 
tively. All groups receiving hypertonic solu- 
tions demonstrated a significant increase in 
the rate of tubular free water reabsorption. 
The L/R-urea group showed the greatest 
increase, but this group received more than 
twice the total osmotic work load as the 
other three hypertonic treatment groups. 

Eschar Weight. Twenty-four hours post- 
burn the mean eschar weights were: 0.41 
+0.02 for the L/R, 0.42 + 0.03 for the 
L/R-urea, 0.40 + 0.04 for the HLS 8%, 
0.44 + 0.03 for the HLS 12%, and 0.40 
+ 0.09 for the HSC 8%, and 0.22 + 0.02 
Gm./cm.? for the control group. Seventy- 
two hours postburn these values had not 
changed significantly. All eschars were sig- 
nificantly heavier than normal skin, and 
there were no differences among the burn 
groups. Caldwell and Sussman? demon- 
strated that weight gain at the site of in- 
jury was a function of sodium load and 
could be disassociated from changes in 
body weight. These data confirm the ear- 
lier work, and in addition show that the 
way the sodium is administered (as a hy- 
potonic or hypertonic solution) does not 
appear to affect the rate of and total weight 
gain at the site of injury, while it does 
have a very great effect on B, gain during 
the time the fluid is given. 
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No experimental data are shown for the 

untreated burn group, for only one animal 

survivec 10 hours and none for 24 hours 

postburn. There was only one death in all 
the other treatment groups combined. 


Discussion 


The results show that all treatments ex- 
amined were effective in preventing death 
following a thermal injury which in un- 
treated animals is 100% fatal within 24 
hours, 

None of the treatments in this study al- 
ters the rate of or total amount of fluid 
accumu.ation in burned tissue. However 
the chaages in B, can be dramatically dis- 
associated from edema formation at the 
site of injury by using hypertonic solutions, 
and hyoertonic sodium solutions are the 
most effective of these. As stated above, 
there were no treatment groups given 896 
body weight, as either L/R or L/R-urea. 
In spite of this one can state that, unit for 
unit, urza is less than one half as effective 
as sodium in preventing B, increases un- 
der these circumstances (Fig. 1). Several 
mechanisms may be hypothesized which 
would explain the relative ineffectiveness 
of urea as compared to sodium in prevent- 
ing increases in body weight. Urea is freely 
permeable across all cell membranes (ex- 
cept brain) and would produce less intra- 
vascular or extracellular volume expansion 
than an equivalent osmotic load of sodium 
chloride or lactate. Although the highest 
urine cutput and osmolar clearance was 
observed with the L/R-Urea group, tubu- 
lar free-water reabsorption was also sig- 
nificant y greater in these animals presuma- 
bly because of the osmotic diuresis result- 
ing in decreased fractional reabsorption in 
the proximal tubule and increased delivery 
of tubular fluid to the loop of Henle. In 
the groups receiving hypertonic sodium 
solutiors free-water reabsorption was less 
than ix the L/R-Urea group in spite of 
the comparable osmolar clearance observed 
with ELS 1296. The reduction in free- 
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TABLE S.XThe Average Values for Poss, Uosm, UV ul./1in., Coun, and Tenon for 
All Treatment Groups for the 0-10-Hour Posiburn Period 








L/R L/R-Urea HLS 8% HLS 12% HSC 8% Control 
Posm 285 + 2.2 306 + 6.9 304 + 3.0 307 + 11 316 + 9.9 288 + 4.1 
Uosm 680 + 119 1,120 + 133 1,107 + 163 940 + 97 1,066 + 160 932 + 324 
UV ul./min. 28 + 10 34.4 + 4 17.1 + 8.0 33 + 11 21 + 0.4 18 + 6.0 
Cosm ul. /min. 66 + 10 123 + 11 59.8 + £.0 96 + 21 71.0 + 16 52 +11 
'T*gog wl./min. 35 + 10 89 + 8.0 43 + 4.0 64 + 10 50.0 + 14 35 + 9.2 





Osmolality = mOsmols per Kg. of water. 

Posm = Plasma osmolality. 

Uam = Urine osmolality. 

UV ul./min. = Urine volume in microliters per 
minute. 


water clearance in the groups treated with 
hypertonic saline solutions may be related 
to changes in the distribution of intrarenal 
blood flow. The ability to generate free- 
water clearance is known to be related to 
the active transport of sodium by the thick 
ascending limb of Henle of juxtamedullary 
long-looped nephrons which establish hy- 
pertonicity within the renal medulla and 
papilla. In the rat only 28% of the nephron 
population are of the long-looped variety,? 
the remaining 72% of cortical nephrons 
centributing only minimally to production 
of medullary hypertonicity. Intra-vascular 
volume expansion particularly with hyper- 
tonic sodium solutions is known to pro- 
duce a redistribution of intra-renal blood 
flow to cortical nephrons having the shorter 
loops.'? Reproportioning of blood flow and 
glomerular filtration in favor of the short- 
looped cortical nephrons would then ex- 
plain the reduced free-water absorption 
observed. 

An additional advantage of hypertonic 
sodium solutions in thermal injury is its 
protective effect against acute tubular ne- 
crosis. The development of oliguria in 
acute tubular necrosis has been postulated 
to result from imbalance between afferent 
and efferent arterioles. In at least some 
experimental models of acute tubular ne- 
crosis optimum protection is afforded by 
manipulations (such as salt loading) de- 
signed to deplete renin stores within the 


Cosm ul./min. = Urinary osmolar clearance y 1./min., 
calculated from the formula 


Cosm 77 (Ucam X V)/ Dom: 


T*gogm = Tubular reabsorption of solute-free water 
calculated from the formula T*gog = Cosm-V. 


kidney.? The protective effects of hyper- 
tonic sodium solutions on renal injury re- 
sulting from thermal injury are currently 
being evaluated in our laboratory. 

Some therapeutic implications can be 
noted. First, the use of hypotonic saline 
solutions to resuscitate the severely burned 
and the use of urine output as a thera- 
peutic guide is very unreliable clinically. 
The likelihood of over treatment, even sud- 
den acute pulmonary edema, is very great. 
Secondly, as the plasma osmolality and so- 
dium concentration decrease the tendency 
for massive anasarca to obtain becomes 
overwhelming. Does it matter that some 
gain in Bw obtains after oral intake begins? 
Certainly this slower route of intake should 
be safer than imposing intravenous over- 
load during the first 48 hours postburn. 
Another point upon which these data give 
information is in regard to the use of chlo- 
ride to resuscitate the severely burned rat. 
In the rat, the sodium balance is not affected 
by whether the sodium is covered by lac- 
tate or chloride. The only difference noted 
is that the use of lactate resulted in a meta- 
bolic alkalosis whereas hypertonie sodium 
chloride did not. Furthermore, in the rat, 
in contrast to man, and the use of chloride 
did not lead to hyperchloremic acidosis. 


Summary 


These data from rats show that fluid 
sequestration at the site of thermal injury 
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is independent of variation in volume, os- 
molality, and sodium load of the treat- 
ments used in this model. The increase in 
B, which occurs following thermal trauma 
is highly dependent upon these same fac- 
tors and may be minimized by the use of 
smaller volumes of hypertonic sodium solu- 
tions to resuscitate. 

Unit for unit, sodium is a far more effec- 
tive diuretic than urea under circumstances 
of maximal antidiuresis. The mild to mod- 
erate hypernatremia which results from 
treatment with hypertonic saline is well 
tolerated and does not persist for more 
than 14 hours after treatment is complete. 
The actual positive sodium balance which 
results from a given sodium load is approxi- 
mately one half when given as a hyper- 
tonic solution as opposed to a hypotonic 
solution. 

The administration of hypertonic so- 
dium covered by lactate results in mild 
metabolic alkalosis. Replacement of lactate 
with chloride results in a normal blood pH. 
No treatment group demonstrated acidosis. 
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When Preventing Constipation 
is a Concern... 


















dioctyl calcium sulfosuccinate 


(stool softener) 


Surfak prevents constipation: 


= naturally 
. without bowel distention 
. without adding sodium 
to the system 
. Without requiring unusual 
intake of water 
m conveniently —one 240 mg 
capsule per day 


= economically — costs less per 
effective daily dose 


Supplied: Bottles of 15, 100 (FSN 6505-926-8844) and 
1000 (FSN 6505-890-1627) and Unit Dose 100's (10 x 10 
strips) 


HOECHST 


PHARMACEUTICAL CO. 
Somerville, N.J. O8876 U.S.A. 





"based on actual drug store survey of prescribed dosages 
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Dreamer. 


Major surgery tomorrow. 
4 Tonigh t—tossing, turning, dreaming. But 
dreaming awake. The nightmare > of insomnia. 
The sleepless dreamer. 

But it need not be— not with Doriden n 
night before. Doriden for sleep. Refreshing = 
that usually comes within 30 minutes and las 
from 4 to 8 hours. 

And tomorrow, an hour before anesthesia, 
Doriden for a sedated OR patient. 


In recommended dosage, Doriden does not cause respiratory 
depression, a Sabie advantage in preanesthetic sedation. It is we ell 
tolerated even by the elderly and chronically ill—almost any kind o 
surgical patient. Impaired respiratory or renal function is not a 
bi Mich OR So when you or D peser medication, includ 
Doriden — the most widely prescribed nonbarbiturate sedative. 





SYNONYMOUS 
WITH SLEEP 


Doriden (glutethimide NF) 








BRIEF SUMMARY 

INDICATIONS: For nighttime, dayt 
and preoperative sedation, as wel 
during first stage of labor 
CONTRAINDICATIONS: Kno 
hypersensitivity to glutethimide 
WARNINGS: Caution patients about 
possible combined effects with alcoh 
and other CNS depressants. Do 
operate machinery, drive motor vehicle 


or engage In activities requiring complete 
alertness shortly after das tir g drug 
Dosage of coumarin anticoagulants may 
require adjustments during and on 
cessation of glute is e therapy 

Phys ical and Psy Ological 

D ependen ce Phy: SIC; sal andr logical 
dependence have occt red. Pres. cribe 
cau uperred patients kr nown to ta 
excessive quantities of drugs. Li 

repeated prescriptions Wes t ade q ite 


medical supervision. Withdrawa 
symptoms include nausea, abdominal 
discomfort, tremors, convulsions, and 
delirium. Newborn infants of mothers 
dependent on glutethimide may 
exhibit withdrawal symptoms. In the 
presence of dependence, dosage should 
be reduced gradually 
Pregnancy: Use of any drug in 
pregnancy or a tation requires weighing 
potential benefits against hazards 
PRECAUTIONS: Total daily dosage 
above 1 Gm. is not recommended for 
continued administration. In presence of 
pain, which may counteract the sedative 
effect of glutethimide, an analgesic 
should also be prescribed 
ADVERSE REACTIONS: Withdraw 
glutethimide if a generalized skin rash 
occurs. Rash usually clears 
spontaneously within a few days afte 
withdrawal. Occasionally, a purpurk 
urticarial rash may occur; exfoliative 
dermatitis has been reported rarely 
With recommended doses, there have 
been rare reports of nausea, hang 
paradoxical excitation, and blurring of 
vision. Rarely, acute hypersensitivit 
reactions, porphyria, and blood 
dyscrasias (thrombocytopenic purpura 
iplastic anemia, leukopenia) have beer 
reported 
DOSAGE: To avoid ove bote 
individualize dosa ige. Not recommended 
for children under 12 
Nighttime s GRE n: 0.25to 0.5Gm. at 
epe nde Hepeat dose if necessary, but 
Xt less hen? 4 hours De to ore arising 
Daime sedation: 0.125 to O.. 25 5Gm 
t.i.d. after meals 
Preoperative sedation: 0.5 Gm. the night 
before surgery; 0.5 to 1 Gm. 1hour 
before anes a la 
First stage« or: 0.5Gm. at onset 
labor Rene: al f ne cessary 
SUPPLIED: Tablets, 0.5Gm. (white 
scored); Biase of 100 500, 1000 and 
Strip Dispensers of 100. Tablets, 0.25 
Gm. (white, scored); bottles of 100 and 
000 pe sche s. O hepa white); bottle: 
of 100. Capsules, 0.5 Gm. (blue ar 
white) bott les of 100 


USV PHARMACEUTICAL CORP. 
Tuckahoe N. Y 10707 





THIS DRUG SHOULD BE USED ONLY BY 
INDIVIDUALS FAMILIAR WITH ITS 


ACTIONS, CHARACTERISTICS AND 
HAZARDS. 





DESCRIPTION: Anectine brand Succinylcholine 
Chloride is an ultra short-acting depolarizing 
type muscle relaxant. Chemically it is a di- 
quaternary base consisting of the di-chloride 
salt of the di-choline ester of succinic acid. 

It is a white, odorless, slightly bitter powder and 
very soluble in water. The drug is unstable 

with alkaline solutions, but relatively stable in 
acid solutions depending upon the 
concentration of the solution and the storage 
temperature. While solutions of succinylcholine 
chloride are sterilized by autoclaving, they 
should, nevertheless, be stored under 
refrigeration to preserve their potency. 


INDICATIONS: Succinylcholine chloride is 
indicated as an adjunct to anesthesia to 
induce skeletal muscle relaxation. It may be 
employed to reduce the intensity of muscle 
contractions of pharmacologically or 
electrically induced convulsions. 


CONTRAINDICATIONS: Succinylcholine is 
contraindicated for persons with a known 
hypersensitivity to the drug. 


WARNINGS: 


WARNING: SUCCINYLCHOLINE SHOULD 
BE USED ONLY BY THOSE SKILLED IN 
THE MANAGEMENT OF ARTIFICIAL 
RESPIRATION AND ONLY WHEN FACILI- 
TIES ARE INSTANTLY AVAILABLE FOR 
ENDOTRACHEAL INTUBATION AND FOR 
PROVIDING ADEQUATE VENTILATION 


OF THE PATIENT, INCLUDING THE AD- 
MINISTRATION OF OXYGEN UNDER 
POSITIVE PRESSURE AND THE ELIMI- 
NATION OF CARBON DIOXIDE. THE 
CLINICIAN MUST BE PREPARED TO 
ASSIST OR TO CONTROL RESPIRATION. 





Succinylcholine should not be mixed with 
short-acting barbiturates in the same syringe, 
or administered simultaneously during 
intravenous infusion through the same needle. 
Solutions of succinylcholine have an acid pH 
whereas those of barbiturates are alkaline in 
reaction. Depending upon the resultant pH of 
a mixture of solutions of these drugs, either 
free barbituric acid may be precipitated or 
succinylcholine hydrolyzed. 

Usage in Pregnancy: The safe use of 
succinylcholine has not been established with 
respect to the possible adverse effects upon 
fetal development. Therefore, it should not be 
used in women of childbearing potential and 
particularly during early pregnancy unless in 
the judgment of the physician the potential 
benefits outweigh the unknown hazards. 

See opposite page for continuation. 


for controlled muscle relaxation 


Anectine 


(Succinylcholine 
Chloride | 








INJECTION 


for short 
procedures 


e ready for immediate use 
e 20 mg.ineachcc.in 10cc. — — 
multi-dose vials Y 
e square bottle stands out "S 
from others 
e flip-top cap assures easy 
opening 
e Single or repeated use, 
as necessary 








for long 
procedures 


e instant-mix sterile powder 


Continued from opposite page. 

PRECAUTIONS: Low levels of, or abnormal variants of plasma 
cholinesterase may be associated with prolonged respiratory 
depression or apnea following the use of succinylcholine. Low 
levels of plasma cholinesterase may occur in patients with severe 
liver disease or cirrhosis, severe anemia, malnutrition, severe 
dehydration, changes in body temperature, exposure to neuro- 
toxic insecticides or those receiving antimalarial drugs. Succinyl- 
choline should be administered with extreme care to such 
patients and dosage should be minimal. If low plasma cholines- 
terase activity is suspected, a small test dose of from 5 to 10 
mg. of succinylcholine may be administered, or relaxation may 
be produced by the cautious administration of a 0.196 solution 
of the drug by intravenous drip. Drugs which either inhibit 
plasma cholinesterase, such as neostigmine, or compete with 
succinylcholine for the enzyme, as does intravenous pro- 
caine, should not be given concurrently with succinylcholine. 
Succinylcholine should be administered with great cau- 

tion to patients with severe burns, those recovering from 
severe trauma, those suffering from electrolyte imbalance, 
those who have been digitalized recently or who may 

have digitalis toxicity as serious cardiac arrhythmias or 
cardiac arrest may result. Great caution should be ob- 

served also in patients with preexisting hyperkalemia or 

who are paraplegic, have suffered spinal neuraxis injury, 

or have degenerative or dystrophic neuromuscular dis- 

ease, as such patients tend to become severely hyper- 
kalemic when succinylcholine is given. 

When succinylcholine is given over a prolonged period 

of time, the characteristic depolarization block of the 
myoneural junction may change to a non-depolarizing 

block which results in prolonged respiratory depression 

or apnea. Under such circumstances, small repeated 

doses of neostigmine or edrophonium may possibly act as 
antagonists. A peripheral nerve stimulator (e.g., the 

Wellcome Peripheral Nerve Stimulator) may be used to 
ascertain the type of neuro-muscular blockade. If a 
depolarization block is present both fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sustained, 

and post-tetanic facilitation is absent. If a non-depolariz- 

ing block is present there is post-tetanic facilitation and 
"fade" of successive stimuli on both fast (tetanic) and 

slow (twitch) rates of nerve stimulation. 

Succinylcholine should be used with caution during ocular 
surgery and in patients with glaucoma. The drug should 

be employed with caution in patients with fractures or 

muscle spasm as the muscle fasciculations may cause 
additional trauma. Muscle fasciculations and hyperkalemia 

may be reduced by administering a small dose of a 
non-depolarizing relaxant. If other relaxants are to be 

used during the same procedure, the possibility of a 
synergistic or antagonistic effect should be considered. 
ADVERSE REACTIONS: Adverse reactions consist primar- 

ily of an extension of the drug's pharmacological actions. 
Profound and prolonged muscle relaxation may occur, 
resulting in respiratory depression to the point of apnea. 
Hypersensitivity to the drug may exist in rare instances. 

The following adverse reactions have been reported: 
bradycardia, tachycardia, hypertension, hypotension, 
arrhythmias, cardiac arrest, prolonged respiratory depres- 

sion or apnea, hyperthermia, increased intraocular pres- 

sure, muscle fasciculation, post-operative muscle pain, 
myoglobinemia and excessive salivation. 

MANAGEMENT OF ADVERSE REACTIONS: Apnea or 


packaged for convenient use prolonged muscle paralysis should be treated with 


e unbreakable sterile 
plastic injection 
units of 500 and 1,000 mg. 

« no separate needle or 
syringe necessary 

e for vacuum Or 
non-vacuum bottles 

e no refrigeration required 

e powder retains potency 
indefinitely 


controlled respiration. 

The use of neostigmine to reverse a non-depolarization 
block is a medical decision which must be decided upon 
the basis of the individual clinical pharmacology and 

the experience and judgment of the clinician. When 
neostigmine is used atropine should also be administered. 
SUPPLIED: Injection, Multi-dose vials, 20 mg./cc., 10 cc., 
boxes of 12 vials. Sterile Solution, 50 mg./cc., 10 cc. 
amp.; 100 mg./cc., 10 cc. amp., boxes of 12. Flo-Pack®, 
Sterile Powder 500 mg. and 1000 mg., boxes of 12. 


Complete literature available on request from 
Professional Services Dept. PML. 





Burroughs Wellcome Co. 
Research Triangle Park 
Wellcome | North Carolina 27709 
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Each teaspoonful 

(5 ml.) of 'Ducon' 
contains aluminum 
hydroxide, 720 mg.; 
magnesium hydroxide. 
350 mg.; and 

calcium carbonate, 
375 mg. 


NET CONTENTS 10 FL. 02. (296 mi.) 












*DURATION OF ACTION JN VIVO, 


15 ml. doses, minutes above pH 3.5 
(a double-blind crossover 

study of 114 ulcer patients 

by seven gastroenterologists 

copies available on request) 













CONCENTRATION, mg. 
antacid ingredients per teaspoonful 












ACID-CONSUMING CAPACITY 
IN VITRO, 

ml. 0.1 N HCI consumed per 
teaspoonful 






Contraindications: renal insufficiency, phosphate de- 
pletion. 


Adverse Reactions: occasional laxation, nausea and. 
rarely, Constipation. Theoretically, hypophosphatemia, 
hypermagnesemia, hypercalcemia, milk alkali syndrome 
(with prolonged administration). 


Usual Adult Dosage: 2 to 3 teaspoonfuls between meals 
and at bedtime, or as needed (40 to 60 ml. daily). 


For complete product information on 'Ducon', see your 
SK&F Representative or contact SK&F. 


‘DUCON’ 


1,445 mg. 


446 ml. 





gi-ts tested 


on and number one. 


r4 'N FACID 
DENULCENT 


NON-CONSTIPATING 


SHAKE WELL BEFORE USING 


Each teaspoonful 

of the most widely 
used antacid, 
Magnesia and 
Alumina Oral 
Suspension USP. 
contains 400 mg. of 
combined magnesium 
and aluminum 
hydroxides per 5 ml. 


12 FL. OZ. 










THE MOST WIDELY 
USED LIQUID ANTACID 






36 min. 


400 mg. 


140 ml. 


When patients evaluated 'Ducon' in other 
clinical trials, ‘Ducon’ was preferred to “other 


antacids" by 91% of 197 patients voicing a 
preference after a full month's use. 
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THE AMERICAN SOCIETY OF CONTEMPORARY MEDICINE AND SURGERY 


PRESIDENT 


MICHAEL E. DEBAKEY, M.D. 


February 27 — March 3, 1972 


MONDAY 
February 28 


Registration 


Sunday, February 27 
4:00 to 6:00 P.M. 


Monday, February 28 
7:00 to 9:00 A.M. 





10:00 A.M. 
KEYNOTE ADDRESS 
Michael E. DeBakey, M.D. 


INTRODUCTORY COMMENTS 
Morris Fishbein, M.D. 


REMARKS ON CANCER 
Elmer Holmes Bobst 
Guest of Honor 





TESTIMONIAL GIVEN TO 
Elmer Holmes Bobst 
by 
Outstanding Leaders on Cancer 


George Moore, M.D. 


Clinical and Research Aspects of the 
Sarcomatous Diseases 


Alfred Ketcham, M.D. 


Trends in Prevention of 
Cancer Recurrences 


Frederic Mohs, M.D. 
Chemosurgery for Malignant Tumors 


FREE EXCHANGE OF IDEAS 
ON SURGICAL PROBLEMS 
BETWEEN PANELISTS AND 

AUDIENCE 


Courses Accredited by 


THE COUNCIL ON 
MEDICAL EDUCATION 


of the 


AMERICAN MEDICAL 
ASSOCIATION 


9:00 A.M. 


A.M.A. APPROVED CONTINUING 


EDUCATION COURSES 





annual meeting 


TUESDAY 
February 29 


Chairman: James Burks, M.D. 
Maturation of Dermatological Surgery 


Co-Chairman: Douglas Torre, M.D. 
Progress in Clinical Application of 
Cutaneous Cryosurgery 


Farrington Daniels, M.D. 


Histochemical and Electronic Microscopic 


Findings Following Cryosurgery 


Norman Orentreich, M.D. 
The Use of Punch Transplants for 
Therapeutic and Investigative Cases 


Leon Goldman, M.D. 
Controls for Laser Surgery 


James Trimble, M.D. 
Surgery in the Dermatologists’ Offices 


Leonard A. Lewis, M.D. 
Modified Face Lift in 
Dermatologists’ Offices 


Dowling B. Stough, M.D. 
Selected Plastic Surgical Procedures 
of the Face 
WEDNESDAY 
March 1 


Chairman: Andrew Gage, M.D. 
Cryosurgery for Cancer 


Co-Chairman: Frank Paloucek, M.D. 
Contemporary Gynecology 


Kenneth Welch, M.D. 
Management of Cervicoparotid Masses in 
Infants and Children 


Questions and Answers 


Swimming Pools 
Children’s Programs 
Baby Sitting Services 


Fishing — Boating 
Water Skiing 
Tennis and Golf 
Star Entertainment in Night Club 





CHAIRMAN 
MORRIS FISHBEIN, M.D. 


CO-CHAIRMAN 
GEORGE E. MOORE, M.D. 


Diplomat Hotel — Hollywood, Florida 


. Jerome Goldstein, M.D. 
Cryosurgery of Malignant Tumors of 
Head and Neck 


Robert Wolfson, M.D. 
Che Present Status of Cryosurgery for 
Meniere's Disease 


James Ozenberger, M.D. 
Cryosurgery in Otolaryngology 
Ralph Marcove, M.D. 


The Treatment of Giant Cell Tumors 
by Cryosurgery 


Franklyn O’Rourke, M.D. 
Palliative Use of Cryosurgery 
in Bone Tumors 
THURSDAY 
March 2 


Chairman: Setrag Zacarian, M.D. 
Cryosurgery of Skin Cancer 


Harvey Lincoff, M.D. 
Cryosurgery for Eye Tumors 
M, Chapin, M.D. 
Cryosurgery for Oral Tumors 
Drs E. Grady, T. Nolan 
and A. Crumbley 


Treatment of Metastatic 
Cancer of the Liver 


P. Dutta, M.D. 


Cryogenic Liver Destruction 


John Barton, M.D. 
Advances in Gynecology 


A. F. Lash, M.D. 
Management of Terminal 
Gynecological Cancer Patients 


Stephen Schimp!T, M.D. 
Pseudomonas Infections in 
Cancer Patients 


es 


Certificates of attendance, suitable 
for framing, will be issued for 
continuing education in Medicine 
and Surgery. 





REGISTRATION FORM 


Membership: $35.00 
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Admission Fee: $25.00 


At Door Admission Fee: $100.00 


Make check payable to: 


THE AMERICAN SOCIETY FOR 
CONTEMPORARY MEDICINE AND SURGERY 


Room 1629 


30 North Michigan Avenue 


Chicago, Illinois 60602 
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f you want samples before prescribing, 
ust send us this coupon. 
We'll arrange a trial supply for you. 
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TO: Department 5434B 
PARKE, DAVIS & COMPANY 
DETROIT, MICHIGAN 48232 
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wr refreshing sleep 
bw, nonbarbiturate 
WAREST® 
rethaqualone HCl) 


rke-Dovis 


apsules 200 mg., 400 mg. 


p p immi. 


BDICATIONS: Parest (methaqualone hydrochloride) is indi- 
ted in insomnia, for calm ond restful sleep of 6 to B hours, 
wally without a hangover on waking up in the morning. It is 
urticularly suitable for the elderly, for the patient who should AN 
eferably take a nonborbiturate hypnotic ond for those not re- 
onding to other hypnotics. ~ 
DXICITY: Extensive pharmacological studies indicate methocualone to be 
relotively nontoxic compound. The LDso of methaqualone in rot is 320 mg/kg. 
Ocute toxicity studies confirm a low order of toxicity of methaqualone HCI. 
nical reports do not reveal any toxic manifestation when the drug is used os a 
*pnotic in the prescribed dosage. 
NTRAINDICATIONS: Porest (methaqualone HCI) should not be used in women 
© are or may become pregnant. It is not recommended for use with psychotropic 
rugs or other central nervous system depressants. The drug should not be used 
children under the age of 14 
WARNING: Consideration of individualized dosage adjustment must be given in 
lach case, according to the patient's disease and hypnotic response. Appropriate 
lose reductions should be made in accordance with the judgment of the physician, 
specially where impaired hepatic function, renal function or cerebral insufficiency 
wists. 
Patients taking Parest-200 or Parest-400 (methaqualone HCI) must be warned 
goinst driving a cor or operating dangerous machinery while on the drug. 
Pending longer term clinical experience Parest (methaquclone HCI) should not 
ie used continuously for periods exceeding four weeks. 
RECAUTIONS: Methaquolone should be used under close supervision in patients 
ixhibiting agitation, anxiety and depressive states where suicidal tendencies exist. 
Care should be used during administration with other sedative, analgesic or 
sychotherapeutic drugs or with alcohol because of possible potentiation of the 
ffects. 
mDVERSE REACTIONS: Adverse reactions from methaqualone published in litera- 
| cune headache, drowsiness, hangover, fatigue, torpor, dizziness, diapho- 
besis, transient paresthesias, restlessness, dry mouth, tachycardia, epigastric dis- 
omíort, nausea, emesis, anorexia, diorrhea, exanthema, and urticaria. 
A record of toxicity from methaqualone therapy appears in the 
wly 1962 issue of the Registry of Blood Dyscrasias of the American 


'arke, Davis & Company, Detroit, Michigan 48232 


for trial in my practice. 
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Please send me samples of PAREST-400™ Capsules 


(methaqualone HCI) 


M.D. 


ee 


State Zip Code 


Medi- 

cal Associ- 

ation Council 

on Drugs, ob- 

serving one case of 

aplastic anemia with pan- 

^u m umm et cytopenia. No other similar 

cases have been reported. 

PHYSICAL AND PSYCHOLOGICAL DEPENDENCE: Psychologica! dependence has 

been rarely reported with Parest (methaqualone HCl); physical dependence hos 

not been clearly demonstrated. However, caution must be exercised in odminis- 

tering Parest (methoqualone HCI) to individuals known to be addiction-prone or 
those whose history suggests they moy increase the dosoge on their initiative. 

ADULT DOSAGE: 

PAREST-200 (methaqualone HCI 200 mg.) 

The usual methaqualone HCI dose is 200 mg. or 400 ma. (1 or 2 Parest-200 cap- 
sules) taken fifteen minutes to one-half hour before retiring, for the relief of 
insomnia. In patients who sometimes require more than one capsule of Parest-200 
(methoqualone HCI), two capsules will usually give a sotisfactory response. 

PAREST-400 (methaqualone HCI 400 mg.) 

Those patients requiring the higher dosage, take one capsule of Porest-400 
fifteen minutes to one-half hour before retiring. 

OVERDOSAGE: Massive overdosage hos resulted in signs of cutaneous edema, 
pulmonary edema, and bleeding, as is the case with other CNS depressonts. 
Recommended management should include maintenance of adequate ventilation, 
support of blood pressure if necessary, and the usual supportive measures for the 
unconscious patient. Dialysis may be helpful. Some investigators have used analep- 
tics with varying success. 
HOW SUPPLIED: PAREST-200 (methaqualone HCI 200 mg.) is supplied in bottles of 
100 capsules. (No. 1 Cop. Light turquoise blue opaque cop and light green 
opaque body) PAREST-400 (methaqualone HCI 400 mg.) is supplied in bottles 
of 100 capsules. (No. 0 Cap. Standard blue cap and light green 
PAS63 083671 
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Continuous impermeable 
plastic sheet similar 
to Steri-Drape® Brand 


Surgical Drapes 


Absorbent fiber 












Introducing the NEW Iso-Drape 
Surgical Draping System from 3M 


The only drape of its kind. Absorbent, 

yet impermeable. Assuring patient protection 
in a/l) critical areas of surgery—regardless 

of procedure length. Offering you the following 
important new advantages: 


e ENHANCES aseptic technique and proper 
patient care 

e ELIMINATES strike-through: unique lamination 
of fibers to impermeable plastic film surface 
allows absorbency of fluids, yet 
impermeable plastic film keeps patient dry 

e MINIMIZES fluid pooling and run-off 

e CONFORMS easily to body contours 

e ELIMINATES lint 

Ar. absorbent drape that's also impermeable? 


Ask your 3M Representative for the new 
ISO-DRAPE Surgical Draping System from 3M. 


Medical Products Division 3M) 


3M CENTER - SAINT PAUL MINNESOTA 5510 


63A 
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Medical Products Division 3m 


3M Center e Saint Paul, Minnesota 5510] 
Dept. AS, 220-7W 


send for FREE sample 


| 
| 
| 
| 
| 
| 
| 
[ ] Please send me a FREE sample of the new | 
[SO-DRAPE Surgical Draping System and ad- | 
ditional information. | 

| 
Name | 
Title | 
Hospkilss P RR RR ERR | 
Address — — — — — u y | 
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For the busy surgeon . . . an up-to-date review 
of recent progress 


THE SURGICAL MANAGEMENT 
OF VASCULAR DISEASES 


Edited by Henry Haimovici, M.D. With 24 Contributors. 


This timely book provides a comprehensive overview of the 
latest diagnostic methods and therapeutic procedures for some 
of the most important venous and arterial diseases amenable to 
surgical correction. 


Chapters in this well-organized work range from Plication of the 
Interior Vena Cava for Prevention of Pulmonary Embolism to 
Surgical Indications in Renovascular Hypertension. Illustrated 
chapters were contributed by authorities in fields of vascular 
surgery, thoracic surgery, internal medicine, cardiology, hema- 
tology, and radiology. Clinically-sound conclusions are presented, 
based upon data from long-term follow-ups and the recent emerg- 
ence of standardized techniques and surgical indications. 


Everyone concerned with the limits and advantages of vascular 
surgery will benefit from the important material that fills the 
pages of this helpful book. 

260 Pages t 155 Illustrations * 1970 * $18.50 
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J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Lippincott 


Please send me: 


O THE SURGICAL MANAGEMENT OF VASCULAR DISEASES... $18.50 


AIME. 2 darles opus pbi uidi esr dfe HA dead doro Rl boe Mig tahoe edb A | AO 
C] Payment Enclosed [] Charge and Bill Me AS-1/72 
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Number seven in a series: ‘‘Cases for Snyder Hemovac” Snyder Hemovac® in Neck Surgery 








Radical Neck 
Dissection 


The Snyder Hemovac is an appropriate conclusion to radical 
neck surgery. It applies gentle, negative pressure to the wound 
and effectively retards the collection of serosanguineous fluid 
beneath skin flaps and soft tissue, thereby encouraging pri- 
mary approximation. Its use also eliminates the need for bulky 
pressure dressings which are not only uncomfortable for the 
patient, but tend to inhibit vital respiratory and vascular chan- 
nels in the neck.’ Flap edema is lessened, too. 

The Snyder Hemovac is a ready-to-use, compact, and port- 
able suction system available in sterile kits from your Zimmer 
distributor. 


ivon Leden, H., Recent Experience with Closed Wound Suction in 
Surgery of the Head and Neck, THE LARYNGOSCOPE, Vol. LXXII, No. 
6, pp. 708-712, June 1962. 
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Suprapubic Urinary Evacuation 









Snyder Urevac™ 


This closed, sterile system, complete with negative pressure 
evacuator, has many advantages over gravity drainage of the 
bladder. Suction obviates the problem of maintaining a syphon 
and enables more complete bladder emptying. Repeated 
catheterization is eliminated, which aids patient comfort and 
reduces the likelihooc of retrograde infection as well as the 
possibility of traumatic urethritis sometimes caused by cath- 
eters. 

The bladder is distended with sterile saline. The abdomen 
is prepped and a trocar is inserted suprapubically into the 
bladder. Small perforated tubing is fed into the bladder through 
the trocar, which is then discarded. The tubing is attached to 
larger tubing via a three-way stopcock with a sealed port for 
inserting a syringe to withdraw specimens or to introduce an 
antibiotic directly into the bladder—while the system remains 
closed to environmental contaminants. The larger tubing is con- 
nected to a Snyder Hemovac® which provides constant, gentle 
suction. 

All components are available in a sterile disposable kit ready 
for immediate use. 
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STANFORD UNIVERSITY SCHOOL OF MEDICINE 
POSTGRADUATE MEDICAL EDUCATION COURSE 


in 


SURGERY 
am April 16 to April 23, 1972 
Mauna Kea Beach Hotel 


Kamuela, Hawaii 


This course consists of a lecture series covering topics of current interest in the field of surgery. Arrival 
in Hawaii will be on Sunday, April 16, with departure on Sunday, April 23. Lectures will be held Monday 
through Friday from 9 a.m. to 12 noon, with a panel discussion on Saturday morning. 


COURSE OUTLINE 


* Emergency Care of Hand Injuries e Shock 
e Advanced Techniques in Reconstruction * Cerebral Death 
of the Hand è Extracranial Occlusive Cerebrovascular 
è Skin Coverage Disease 
* Management of Injuries to the Face ® Renovascular Hypertension 
* Organ Transplantation * Management of Urinary Tract Infections 
e G. I. Hemorrhage * Primary Breast Carcinoma 
* Surgical G. |. Disorders in the Neonate * Metastatic Breast Carcinoma 


Panel Discussion on Trauma 
An elective course in medical emergencies in surgical patients also will be available. 


FACULTY 


Robert A. Chase, M.D., Professor and Chairman, Department of Surgery, Stanford University School of 
Medicine 

Roy B. Cohn, M.D., Walter Clifford Chidester and Elsa Rodney Chidester Professor of Surgery, Stanford 
University School of Medicine 

Lawrence G. Crowley, M.D., Professor of Surgery, Stanford University School of Medicine 

John W. Hanbery, M.D., Professor of Surgery and Head, Division of Neurosurgery, Stanford University Schoo! 
of Medicine 

Thomas A. Stamey, M.D., Professor of Surgery and Head, Division of Urology, Stanford University School 
of Medicine 


GENERAL ARRANGEMENTS 


Registration: Tuition for the course is $275 which must accompany the application. Registration is limited 
to 68 M.D.s and application must be received no later than February 15, 1972. 

Hotel: Room reservations for Mauna Kea Beach Hotel will be made through the Office of Postgraduate 
Medical Education at Stanford and will be confirmed upon receipt of $100 deposit. (Ocean-view 
room, 7 nights, double occupancy, Mod. Am. Plan, including cocktail party—$600) 

Travel: Round-trip transportation SFO to Kamuela to SFO at the special group tariff of $146 (plus tax, 
excluding airport transfer, and subject to gov't authority) will be arranged through the official travel 
agent: Leo T. Sides, Leo T. Sides Travel Service, 76 Stanford Shopping Center, Palo Alto, California 
94304, (415) 321-1111. The travel service will contact registrants to confirm travel arrangements 
and coordinate any desired pre- and post-meeting travel. 


APPLICATION FORM 

















POSTGRADUATE COURSE IN SURGERY Course Tuition: $275 

April 16-23, 1972 Room Deposit: $100 

NAME. —— —ŻćĆ NEN 7 — 
Last First Middle 

ADDRESS — 4 = — ——— P ——— 
Street City State Zip Code 


DAYTIME PHONE . - SENEE 








MEDICAL SCHOOL- -=a D1l7l MEER...  -—-————————— 








Enclosed is $375 for full tuition and room deposit. 


—— — ——————] wish special round-trip group air transportation SFO to Kamuela to SFO. 


| am interested in arranging pre- or post-meeting travel (inter-island/Orient/Pacific) with Leo T. Sides Travel Service, 
Palo Alto, California 
Please make your check payable to STANFORD UNIVERSITY SCHOOL OF MEDICINE and mail to the Office of Postgraduate Medi- 
cal Education, Stanford University School of Medicine, M121, Stanford, California 94305. For further information, telephone (415) 
321-1200, Extension 5594. 


APPLICATION MUST BE RECEIVED BY FEBRUARY 15 














Pack the ulcerated area with f 
the ELASE-saturated gauze si 
strips...making sure the satu- - 
rated gauze remains in. contact | 
with the necrotic substrate. (t the 

ride solution and satu-  . - lesion is covered with a heavy eschar, 

rate strips of fine-mesh gauze pee e it must be removed surgically before 
with the ELASE/ saline solution. Bee es : | Meine debridement is begun.) 












MixonevialofELASE 
powder with 50 to 
100 ml. of sodium chlo- 
















Remove dried gauze. This 
mechanically debrides A 
area. Repeat wet-to-dry - 
procedure three to four 
times daily since frequent 
dressing changes gren 
enhanceresults. — 
Note: After two, three, or four 
days of ELASE wet-to-dry 
dressings (dependingonseverity 
of lesion), the area becomes free 
of necrotic material and starts to 
fili in with granulation tissue. — 








Allow gauze to dry in contact 
with the lesion (approximately six _ 
lo eight hours). As the gauze dries, - 
the necrotic tissues slough and 
become attached to the gauze mesh. 








the new way is 
wet-to-dry 
debridement with 


Elas solution 












INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
~ otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or tó mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


PARKE-DAVIS 


fibrinolysin and desoxyribonuclease, 
combined [ bovine} ) 





tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20,000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 


Parke, Davis & Company, Detroit, Michigan 48232 


BINED (BOVINE) 
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Patients can sleep throug! 


Ç One 30-mg capsule 


repeat dosag 





at bedtime is 
generally all that 
is needed 


« One 30-mg capsule of Dalmane 
(flurazepam HCI) usually induced sleep 
within 22 minutes, decreased nocturnal 
awakenings and provided 7 to 8 hours of 
sleep, as demonstrated by more than 4300 
hours of electro-objective measurements 
in five sleep research laboratories. 


+ Dalmane 30 mg was also found to be 
effective in all the types of insomnia in 
which it was studied: difficulty in falling 
asleep, staying asleep or both. 


« Only Dalmane 30 mg, of three hypnotic 
agents evaluated in studies in a sleep 
research laboratory, both induced and 
maintained sleep consistently for 14 con- 
secutive nights of use. Chloral hydrate 100 
mg and glutethimide 500 mg induced sleej 
on the first three nights they were given, 
but effectiveness decreased considerably 
thereafter.! 


« In studies to date, the effectiveness of 
Dalmane over recommended periods of us 
has been maintained without need to 
increase dosage. 


the nicht without need to 


Dalmane 
(flurazepam HCl) 
is relatively safe, 
as reported in 
clinical studies 


e Morning “hang-over” has been relatively 
infrequent and instances of paradoxical 
reactions (excitement) and hypotension 
have been rare. 


e In most cases in which adverse effects 
with Dalmane were reported, they were 

— mild, infrequent and seldom required dis- 
continuation of therapy. Dizziness, drowsi- 
ness, lightheadedness (and the like) were 
the side effects noted most frequently, 
particularly in elderly or debilitated. (An 
initial dose of Dalmane 15 mg should be 
prescribed for these patients.) 


Clinical effectiveness with a 
single dose 


Dalmane 


(flurazeoam HCl) 


One 30-mg capsule h.s.—usual adult dosage. 


One 15-mg capsule h.s.—initial dosage for 
elderly or debilitated patients. 


In hospitalized 
patients, sleep 
duration was 
significantly 
increased during 
seven nights of 
clinical use’ 


Changes in objective sleep duration time in 
57 hospitalized patients? 


With Dalmane 
(flurazepam HCl) 30 mg 
4- 54 mins. 


Average baseli 
Average of nights 2 to 8 360 mins.* 


With placebo —- 
mins. 
+ das Average baselin 


Average of nights 2 to 8 390 mins.* 


*Patients received no medication on first or “baseline” 
night. 


References: 1. Kales, A., et al.: Arch. Gen. Psychiat., 
23:226, 1970. 2. Meyer, J. A.: Flurazepam Hydrochloride 
tor the Short-Term Treatment of Insomnia in the 
Hospitalized Post-Surgical Patient, Scientific Exhibit 
presented at AAGP, San Francisco, Sept. 28-Oct. 1, 1970. 


Please see following page for a summary 
of product information. 


ROCHE 





A single 30-mg capsule at bedtime 
can help patients with insomnia fall 
asleep, stay asleep and sleep longer 


ROCHE 


oche Laboratories 
ivision of Hoffmann-La Roche Inc. 
lutley, New Jersey 07110 





flurazeoam HC) 


Before prescribing Dalmane® 
(flurazepam HCl), please consult 
Complete Product Information, 

a summary of which follows: 


Indications: Effective in all types of 
insomnia characterized by difficulty 
in falling asleep, frequent nocturnal 
awakenings and/or early morning 
awakening; in patients with recur- 
ring insomnia or poor sleeping 
habits; and in acute or chronic 
medical situations requiring restful 
sleep. Since insomnia is often tran- 
sient and intermittent, prolonged 
administration is generally not 
necessary or recommended. 


Contraindications: Known hyper- 
sensitivity to flurazepam HCI. 


Warnings: Caution patients about 
possible combined effects with 
alcohol and other CNS depressants. 
Caution against hazardous occupa- 
tions requiring complete mental 
alertness (e.g., operating machinery, 
driving). Use in women who ere or 
may become pregnant only when 
potential benefits have been 
weighed against possible hazards. 
Not recommended for use in 
persons under 15 years of age. 
Though physical and psychological 
dependence have not been reported 
on recommended doses, use 
caution in administering to addic- 
tion-prone individuals or those who 
might increase dosage. 


Precautions: In elderly and debili- 
tated, initial dosage should be 
limited to 15 mg to preclude over- 
sedation, dizziness and/or ataxia. 

If combined with other drugs having 
hypnotic or CNS-depressant effects, 


consider potential additive effects. 
Employ usual precautions in pa- 
tients who are severely depressed, 
or with latent depression or suicidal 
tendencies. Periodic blood counts 
and liver and kidney function tests 
are advised during repeated ther- 
apy. Observe usual precautions in 
presence of impaired renal or 
hepatic function. 


Adverse Reactions: Dizziness, 
drowsiness, lightheadedness, 
Staggering, ataxia and falling have 
occurred, particularly in elderly or 
debilitated patients. Severe seda- 
tion, lethargy, disorientation and 
coma, probably indicative of drug 
intolerance or overdosage, have 
been reported. Also reported were 
headache, heartburn, upset stom- 
ach, nausea, vomiting, diarrhea, 
constipation, GI pain, nervousness, 
talkativeness, apprehension, irrita- 
bility, weakness, palpitations, chest 
pains, body and joint pains and GU 
complaints. There have also been 
rare occurrences of sweating, 
flushes, difficulty in focusing, 
blurred vision, burning eyes, faint- 
ness, hypotension, shortness of 
breath, pruritus, skin rash, dry 
mouth, bitter taste, excessive sali- 
vation, anorexia, euphoria, depres- 
sion, slurred speech, confusion, 
restlessness, hallucinations and 
elevated SGOT, SGPT, total and 
direct bilirubins and alkaline phos- 
phatase. Paradoxical reactions, 
e.g., excitement, stimulation and 
hyperactivity, have also been 
reported in rare instances. 


Supplied: Capsules containing 
15 mg or 30 mg flurazepam HCl. 
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Fourth Edition! 


SURGERY 
Principles and Practice 


By Jonathan E. Rhoads, M.D., D.Sc. (Med), J. Garrott Allen, M.D., 
the late Henry N. Harkins, M.D., Ph.D., and Carl A. Moyer, M.D. 
With 36 Contributors 


Strengthened by complete updating, this 
revision emerges as the best of the four 
editions of this classic. You'll find eight 
new contributors, two brand new chap- 
ters and 106 new illustrations. 


The entirely new chapters reflect today’s 
achievements and directions in surgery: 
Tissue and Organ Transplantation and 
The Molecular Attack on Cancer. 


Chapters extensively revised include: 
Principles of Hand Surgery; Physiology 
of the Pituitary and Adrenal Glands; 
Military Surgery; Tumors of the 
Colorectum. 


Anatomic, pathologic, physiologic, and 
biochemical factors relevant to surgical 
practice are interwoven throughout, to 
foster accurate diagnosis and judicious 
operative and postoperative care. 


1864 Pages 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


e 758 Illustrations e 4th Edition, 1970 e 


This Fourth Edition continues to ad- 
vance its editors’ objectives: to explain, 
understandably and completely, the basic 
principles of surgery. 


FROM REVIEWS 
OF THIRD EDITION... 
"o. . the best textbook and general sum- 
mary of surgical practice that has been 
wrillen." 

— Surgery, Gynecology and Obstetrics 


*.. Should be on the shelf of every 
aspirant for surgical approval. . . ." 
—Group Practice 
4. . Should appear on the bookshelves of 
everyone tnterested in the overall subject of 
surgery.” —GP 


$24.00 








SURGERY: Principles and Practice .......... ccc ccc uc cence cece necescersanccvertosssseces $24.00 
Nam 

Address 

City State Zip———- 


[.] Payment Enclosed 


[1 Bill me 


| Em n ——— ———M—— —— —HÀÓ— Áo Be 


AS 1/72 


Lippincott 


13A 


I 
l 
l 
I 
l 
I 
I 
l 
i 
] 
I 


The Vomiting Episode: a“new view" 
seven seconds that can seem like seven hours 





















1. 


Pre-vomiting state. 





£^ 


Relaxation of gastroesoph- 
ageal junction, lower 
esophagus and cardia, causing 
some initial regurgitation of 
barium into phrenic ampulla 
and distal esophagus. 


To film tbe x-ray sequence 
above, an emetic was adminis- 
tered to a normal volunteer 
who bad been given a barium 
meal. His response: a vomiting 
episode — seven seconds that 
can seem like seven bours. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


The time for Tigan® (trimethobenzamide HCl) 

One emetic episode doesn’t always call for antiemetic therapy. But 

when repeated bouts of vomiting of known etiology make rapid, 

decisive antiemetic action essential, it’s time for Tigan. Ti an 
Prompt action, often after a single dose 9 

Its record of dependability has made Tigan an antiemetic of choice 


for more than a decade. Tigan is indicated for the relief of the (trimléthobenzamide HC) 


nausea and vomiting associated with viral gastroenteritis, radiation 


therapy and surgical procedures. Even during active emesis, a single helps stop naused and 
dose (I.M. or Suppository) often brings desired results. vomiting promptly 


Specific for nausea and vomiting 

Tigan is not a tranquilizer, not a phenothiazine. It was formulated Before prescribing, please consult 

for one purpose: to help control nausea and vomiting. Although monary ri elena a sum- 
. TA . . . . mar wW S: 

occasional hypersensitivity reactions and Parkinson-like symptoms Peo a 

} b A ite 3 Indications: Prevention and treatment 

lave been reported, side effects are generally uncommon and seldom of nausea and vomiting due to gastritis 

require withdrawal of therapy. and gastroenteritis caused by infections 

or underlying disease processes, radiation 

therapy and operative procedures. 





Suppositories, capsules, ampuls 


Tigan offers flexibility of administration with a dosage form for Contraindications: Known hypersen- 
every clinical need. Usual adult dosage is: sitivity to trimethobenzamide. Do not use 
Tigan Suppositories—one 200-mg suppository t.i.d. or q.i.d. injectable in children. Injectable not for 
Tigan Capsules—one 250-mg capsule t.i.d. or q.i.d intravenous use. Suppositories not for 
i : 5 5 A aer 5 oe premature or newborn infants or patients 
Tigan Injectable—2 ml (200 mg) t.i.d. or q.i.d. I.M. with known sensitivity to benzocaine or 

It should be noted that Tigan Suppositories are contraindicated in uer aede 
d b inf The injectable f ; Warnings: Since drowsiness may oc- 
premature and newborn infants. The injectable form is not recom- mir paient Should wondave we oposite 


mended for use in children. machinery until response is determined. 
Use of any drug in pregnancy or lactation 
requires that its potential benefits be 
weighed against its possible hazards. See 
package insert section, Usage in Preg- 
nancy. 

Precautions: During acute febrile ill- 
ness, encephalitides, gastroenteritis, de- 
hydration and electrolyte imbalance, 
especially in children, the elderly or 
debilitated, CNS reactions (e.g., opis- 
thotonos, convulsions, coma and extra- 
pyramidal symptoms) have been re- 
ported with or without use of Tigan 
(trimethobenzamide HCl) or other 
antiemetic agents. In such disorders, ex- 
ercise caution in administering Tigan 
(trimethobenzamide HCl), particularly 
in patients recently receiving other 
CNS-acting agents (phenothiazines, 
barbiturates, belladonna derivatives). 
Treatment of severe emesis with an 
antiemetic alone is not recommended. 
Avoid overhydration. Antiemetic effects 
may impede diagnosis of such conditions 
as appendicitis or obscure toxicity from 
overdosage of other drugs. 

Adverse Reactions: Occasional in- 
stances of hypersensitivity reactions and 
Parkinson-like symptoms, and rare oc- 
currences of blood dyscrasias, blurring of 
vision, coma, convulsions, depression of 
mood, diarrhea, disorientation, dizziness, 
drowsiness, headache, jaundice, muscle 
cramps and opisthotonos have been re- 
ported. If these occur, determine if symp- 
toms are associated with the underlying 
condition or are drug-induced, in which 
case, reduce or discontinue medication. 
Allergic-type skin reactions have been re- 
ported; discontinue use at first sign of 
sensitization. Hypotension has been re- 
ported after parenteral use. 


Next time you require rapid-acting antiemetic medication, specify 
Tigan. 











3. 


Descent of diaphragm, caus- 
ing compression of cardia 
and regurgitation of barium 
into phrenic ampulla and 
distal esophagus. 





Emesis of barium. 
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Volume 1—GENERAL PRINCIPLES 
(Introductory, Trauma and Breast) 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 


304 Pages Illustrated 1968 $25.00 


Volume 2—THORAX, INCLUDING 
CARDIAC SURGERY 


W. P. Cleland, M.B., B.S., F.R.C.S. 
426 Pages Illustrated 1968 $31.00 


Volume 3—VASCULAR SURGERY 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 


276 Pages Illustrated 1968 $22.00 


Volumes 4 & 5—ABDOMEN, RECTUM, ANUS 
(2 volumes) 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 

Sir Clifford Naunton Morgan, M.S., F.R.C.S., 
F.R.C.O.G. 


838 Pages Illustrated 1969 $69.00 
Volume 6—HEAD AND NECK 

Maurice R. Ewing, F.R.C.S. 

254 Pages Illustrated 1969 $18.00 


Volume 7—PLASTIC SURGERY 
Richard Battle, M.B.E., M.Chir., F.R.C.S. 
231 Pages Illustrated 1969 $20.00 


Volumes 8 & 9—ORTHOPAEDICS 
Ronald Furlong, F.R.C.S. 
587 Pages Illustrated 1970 (U.S.) $45.00 
Volume 10—EYES, EAR, NOSE AND THROAT 


Sir Stewart Duke-Elder, K.C.V.O., Ph.D., LED, 
M.D., F.R.C.S., F.R.C.P., F.R.S. 
Maxwell Ellis, M.D., M.S., F.R.C.S. 


350 Pages Illustrated 1969 $26.00 


Volume 11—THE HAND 
R. Guy Pulvertaft, M.A., M.B., B.Ch., F.R.C.S. 
262 Pages Illustrated 1970 $26.00 


Volume 12—GENITO-URINARY SYSTEM 


J. D. Fergusson, M.A., M.D., F.R.C.S. 
J. P. Williams, M.Chir., F.R.C.S. 


400 Pages Illustrated 1971 $31.00 


Volume 13—GYNAECOLOGY 
AND OBSTETRICS 


D. W. T. Roberts, M.A., M.Chir., F.R.C.S., 
M.R.C.O.G. 


210 Pages Illustrated 1971 $18.00 
Volume 14—NEUROSURGERY 

Valentine Logue, F.R.C.S. 

320 Pages Illustrated 1971 $20.00 


Second Edition Now Complete! 


OPERATIVE SURGERY 


Under the General Editorship of Charles Rob, M.C., 
M.D., M.Chir., F.R.C.S., ana Rodney Smith, M.S., 
FRCS: 


With the appearance of Volume 14, the tremen- 
dous task of revising this valuable set is now ac- 
complished. Welcomed in its first edition as an 
unsurpassed pictorial presentation of surgical tech- 
nics, OPERATIVE SURGERY has been updated for 
this new Second Edition by a distinguished team of 
surgeons and teachers. It abounds in new material 
—new chapters have been added; new develop- 
ments are described; new operations are included. 
All technics, operations and instruments were care- 
fully reviewed and brought into line with current 
practice. 


The number of volumes in the set has almost 
doubled. 


Each volume depicts procedures step-by-step, with 
vivid illustrations plus brief text. The reader follows 
each operation as though he were in the operating 
room observing an outstanding surgeon. The basic 
format includes: Pre-Operative Notes: The Opera- 
tion (from incision to closure including drainage, 
alternative procedures, dangers); Special Post- 
Operative Care and Complications. 


J. B. LIPPINCOTT COMPANY 


East Washington Square, Phila., Pa. 19105 
Please send me volumes circled below: 

i1 2 3 #485 6 7 8&9 
10 11 12 13 14 


W 5e. co» 2 O48 16 $4» € 95.5 9 4.5 $:76,qd. 5-55 d$ «9 dom. Q9 Um. €. oo 


[] Payment Enclosed 


C] Charge and Bill me AS 1/72 
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A lazy colon sometimes 
needs a little stimulating. 
But, colons are inclined to 
be sensitive. They offend 
easily and become irritable 
when given rough 
treatment. So, they have 
to be treated gently. 

Metamucil is gentle, and 
coaxing. The way nature 
intended. Metamucil 
provides natural bulk for 
gentle peristaltic 
stimulation. 

Metamucil... a natural. 


G. D. Searle & Co., 


ome things are naturally stimulating 





USUAL ADULT DOSAGE: 


One rounded teaspoonful of 
Metamucil powder, one to three 
times daily, in a glass of cool 
liquid, or one packet of Instant 
Mix Metamucil, one to three 
times daily, in a glass of cool 
water. An additional glass of 
liquid is helpful. 


Metamucil powder combines 
equal amounts of refined, 
punfied psyllium and dextrose; 
each dose contains 14 calories 
as carbohydrate and anegligible 
amount of sodium. It is available 
in containers of 7 and 

14 ounces. 


Instant Mix Metamucil contains 
3 calories as carbohydrate 
and 0.25 Gm. of sodium in 
each dose. It is available in 


P. O. Box 5110, Chicago, Illinois 60680 Cartons of 16 and 30 single- 


Research in the Service of Medicine 


dose packets. 
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Some 

frequently asked 
Questions 

about 


Iniectable |./ 


Ga 


brand of I 
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sulfəte 
injection 


Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 









Can we help with your questions about GARAMYCIN Injectable, Doctor? 
If so, write to: 


Medical Services Department 
Galloping Hill Road 
Kenilworth, New Jersey 07033 
Telephone: (201) 351-2700 





WARNING: Patients treated with GARAMYCIN Injectable should be under close clinical observation because of the potential toxicity 
associated with the use of this drug. 
ets both vestibular and auditory, can occur in patients, primarily those with preexisting renal damage. treated with 
n 


GARAMYCIN Injectable, usually for longer periods or with higher doses than recommended. 


GARAMYCIN Injectable is potentially nephrotoxic, and this should he kept in mind when it is used in patients with preexisting renal 


impairment. (See Package Insert for other precautions, contraindications, ctc.) 


Monitoring of renal and eighth nerve function is recommended during therapy of patients with known impairment of renal functic 


This testing is also recommended in patients with normal renal function at onset of therapy who develop evidence of nitrogen 
retention (increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity requires dosage adjustments or discontinuance 
of the drug. 
In event of overdose or toxic reactions, peritoneal dialysis or hemodialysis will aid in removal of gentamicin from the blood. 
Serum concentrations should be monitored when feasible and prolonged concentrations above 12 mcg./ ml. should be avoided. 
Concurrent use of other neurotoxic and/or nephrotoxic drugs, particularly streptomycin, neomycin, kanamycin, cephaloridine, 
viomycin polymyxin B, and polymyxin E (colistin), should be avoided. 
Usage in Pregnancy: Safety for use in pregnancy has not been established. 


Indications 


Q. Is GARAMYCIN Injectable indicated only tn gram-negaiive infections? 





A. GARAMYCIN Injectable is indicated in gram-negative infections of hospital-level intensity. It may be 
considered an antibiotic for initial therapy in suspected as well as documented gram-negative sepsis 
because of its broad gram-negative spectrum and its established clinical efficacy. GARAMYCIN 
Injectable has also been shown to be effective in serious staphylococcal infections. It may be con- 
sidered in those infections when penicillins or other less potentially toxic drugs are contraindicated 
and bacterial susceptibility testing and clinical judgment indicate its use. 


Toxicity 
Q. What about adverse reactions to GARAMYCIN Injectable? 


. As with certain other aminoglycoside antibiotics, neurotoxicity (primarily vestibular) and potential 
nephrotoxicity are risks of therapy (see warning statement on preceding page). However, 
GARAMYCIN Injectable can be considered for initial therapy, since the risk of toxic reactions is low in 
patients with normal renal function who do not receive GARAMYCIN Injectable at higher doses or 
for longer periods of time than recommended. For example, the normal patient receiving the recom- 
mended single dose will attain a blood level of 4 mcg. /ml.; the potentially toxic level is 12 mcg. /ml. 
Studies demonstrating the low order of toxicity are available on request from Schering Laboratories. 


Resistance 


Has bacterial resistance to GARAMYCIN Injectable become a problem? 


a Ko 


Not to date. Present evidence suggests that cross-resistance between GARAMYCIN and other members 
of the aminoglycoside group of antibiotics may be unidirectional. In the laboratory, slow, step-wise 
in vitro resistance developed in organisms serially subcultured in increasing concentrations of 
gentamicin. These organisms were resistant to neomycin, kanamycin, paromomycin, and strepto- 
mycin, Neomycin- and kanamycin-induced resistant strains were also resistant to gentamicin. 
However, streptomycin-resistant strains were sensitive to gentamicin. Clinical isolates found to be 
resistant to neomycin, kanamycin, and streptomycin were reported to be sensitive to gentamicin. 


Dosage Guidelines 
Q. Is it always necessary to adjust dosage to patient's weight? 


. The basic daily dosage of GARAMYCIN Injectable, as recommended in the Product Information Sheet, 
is 3 mg. /kg./day. Obviously, it is preferable that physicians follow these guidelines but many busy 
practitioners prefer to use an average dose rather than calculate the dose for each patient. Until 
recently, however, low dosage approximations resulted in more than a third of all patients being 
significantly underdosed. 

Now, new simplified dosage guidelines are provided in newly revised GARAMYCIN Injectable 
labeling assuring adequate serum levels. 

The dosage in patients with normal renal function is easy to calculate and easy to remember. 
Adults weighing 132 pounds or less should receive 1.5 cc. (60 mg.) every eight hours. Adults weighing 
more than 132 pounds should receive 2 cc. (80 mg.) every eight hours. In children and infants and 
patients with impaired renal function, dosage should be adjusted in accordance with instructions set 
forth in the Product Information Sheet. 


Clinical Evidence 


cz How much clinical usage has GARAMYCIN Injectable had? 
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Since its introduction in 1969, GARAMYCIN Injectable has been administered to more than 750,000 
patients with a variety of serious gram-negative infections. Results have been satisfactory in the vast 
majority of these patients, even in those with life-threatening infections. The antibiotic has been the 
subject of more than 1500 published papers and 12 international symposia. 

GARAMYCIN has also had widespread use in other parts of the world — Canada, South America, 
Europe, Africa, Australia, and Japan. It has been used successfully abroad for nearly 10 years. 


See Clinical Considerations section which follows... 


Now recommended for IV use where indicated 


Injectable GARAMYCIN® I.M./I.V. 

brand of gentamicin sulfate U.S.P, injection 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 


WARNING: 

Patients treated with GARAMYCIN Injectable should be under 
close clinical observation because of the potential toxicity as- 
sociated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in pa- 
tients, primarily those with preexisting renal damage, treated 
with GARAMYCIN Injectable, usually for longer periods or with 
higher doses than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this 
should be kept in mind when it is used in patients with pre- 
existing renal impairment. (See Package Insert for other precau- 
tions, contraindications, etc.) 

Monitoring of renal and eighth nerve function is recom- 
mended during therapy of patients with known impairment of 
renal function. This testing is also recommended in patients 
with normal renal function at onset of therapy who develop 
evidence of nitrogen retention (increasing BUN, NPN, creati- 
nine or oliguria). Evidence of ototoxicity requires dosage ad- 
justments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible 
and prolonged concentrations above 12 mcg./ml. should be 
avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic 
drugs, particularly streptomycin, neomycin, kanamycin, ceph- 
aloridine, viomycin, polymyxin B, and polymyxin E (colistin), 
should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not 
been established. 


Indications: GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudo- 
monas aeruginosa, Proteus species (indole-positive and indole-nega- 
tive), Escherichia coli and Klebsiella-Enterobacter-Serratia species. 
Clinical studies have shown GARAMYCIN Injectable to be effective in 
serious infections of the central nervous system (meningitis), septice- 
mia, urinary tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). Bacteriologic tests to determine the caus- 
ative organisms and their susceptibility to gentamicin should be per- 
formed. Bacterial resistance to gentamicin develops slowly in stepwise 
fashion; there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may 
be considered as initial therapy. The decision to continue therapy 
with this drug should be based on the results of susceptibility tests, 
the severity of the infection, and the important additional concepts 
contained in the “Warning Box” above. 

GARAMYCIN has been shown to be effective in serious staphylococcal 
infections. It may be considered im those infections when penicillins or 
other less potentially toxic drugs are contraindicated and bacterial sus- 
ceptibility testing and clinical judgment indicate its use. 


Contraindications: A history of hypersensitivity to gentamicin is a 
contraindication to its use. 


Precautions: The concurrent use of gentamicin with potent diuretics 
such as ethacrynic acid should be avoided. Intravenous diuretics may 
cause fairly rapid rise in gentamicin serum level and potentiate neuro- 
toxicity. Neuromuscular blockage and respiratory paralysis have been 
reported in the cat receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in man should be con- 
sidered if gentamicin is administered to patients receiving neuromus- 
cular blocking agents such as succinylcholine and tubocurarine. Treat- 
ment with gentamicin may result in overgrowth of nonsusceptible 
organisms. If this occurs, appropriate therapy is indicated. 


Adverse Reactions: Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine and oliguria, have been 
reported. They occur more frequently in patients with a history of 
renal impairment treated with larger than recommended dosage. Neu- 
rotoxicity: Adverse effects on both vestibular and auditory branches 
of the cighth nerve have been reported in patients on high dosage 
and/or prolonged therapy. Symptoms include dizziness, vertigo, tin- 
nitus, roaring in the cars and hearing loss. Numbness, skin tingling, 
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muscle twitching, and convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients with normal renz 
function who do not receive GARAMYCIN Injectable at higher doses o 
for longer periods of time than recommended. 


Other reported adverse reactions, possibly related to gentamicir 
include increased serum transaminase (SGOT, SGPT), increased s 
rum bilirubin, transient hepatomegaly, decreased serum calcium 
splenomegaly, anemia, increased and decreased reticulocyte count 
granulocytopenia, thrombocytopenia, purpura; fever, rash, itchinj 
urticaria, generalized burning, joint pain, laryngeal edema; nause: 
vomiting, headache, increased salivation, lethargy and decreased appe 
tite, weight loss, pulmonary fibrosis, hypotension and hypertensior 


Dosage and Administration: GARAMYCIN Injectable may be give! 
intramuscularly or intravenously. 

For intramuscular administration in adults with normal renal func 
tion:* 

For patients weighing over 60 kg. (132 lb.), the usual dosage i 
80 mg. (2 cc.) three times daily. For patients weighing 60 kg. (132 Ib 
or less, the usual dosage is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg. 
kg./day may be administered in three or four equal doses. This do: 
age should be reduced to 3 mg./kg./day as soon as clinically indicatec 

*In children and infants and patients with impaired renal function 
dosage must be adjusted in accordance with instructions set forth ii 
the Package Insert. Use in newborns should be limited to life-threat 
ening infections. See Package Insert. 


For Intravenous Administration: The intravenous administration ol 
GARAMYCIN Injectable is recommended in those circumstances wher 
the intramuscular route is not feasible (e.g., patients in shock, witt 
hematologic disorders, with severe burns, or with reduced musck 
mass). For intravenous administration, a single dose of GARAMYCI^ 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline o1 
in a sterile solution of dextrose 5% in water; the concentration of 
gentamicin in solution should not exceed 1 mg./cc. (0.1%). The solu 
tion is infused over a period of 1 to 2 hours. 

GARAMYCIN Injectable should not be physically premixed witl 
other crugs, but should be administered separately in accordance 
with the recommended route of administration and dosage schedule 


How Supplied: Garamycin Injectable, 40 mg./cc., 2 cc. multiple-dose 
vials, for parenteral administration. MARCH, 1971 
AHFS Category 8:12.2& 


For more complete prescribing details, consult Package Insert or Phy 
sicians' Desk Reference. Schering literature is also available from youl 
Schering Representative or Medical Services Department, Schering 
Corporation, Kenilworth, New Jersey 07033. 
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urinary and pulmonary infections, Arch. Int. Med. 114:205, 1964. 2. Louria 
D. B.; Young, L.; Armstrong, D., and Smith, J. K.: Gentamicin in the treatmen 
of pulmonary infections, J. Infect. Dis. /19:483, 1969. 3. Gatmaitan, B. G. 
Carruthers, M. M., and Lerner, A. M.: Gentamicin in treatment of priman 
gram-negative pneumonias, Am. J. M. Sc. 260:90, 1970. 4. Cox, C. E.: Gentamicin 
M. Clin. North America 54:1305, 1970. 5. Cox, C. E.: Gentamicin, a new 
aminoglycoside antibiotic: Clinical and laboratory studies in urinary tract in- 
fection, J. Infect. Dis. 1/9:486, 1969. 6. Cox, C. E., and Harrison, L. H.: 
Gram-negative bacteremia and comparison of gentamicin and polymyxin B-— 
kanamycin therapy. Presented at the Annual Meeting of the American Urological 
Association, Philadelphia, Pennsylvania, May 10-14, 1970. To be published in 
J. Urol. 7. Groli, E.: Clinical experience with gentamicin, data from 12 German 
clinics, in Gentamicin: First International Symposium, Paris, January 1967, 
Lucerne, Essex Chemie AG, 1967, p. 121. 8. Jackson, G. G.: Laboratory and 
clinical investigation of gentamicin, ibid., p. 62. 9, Medeiros, A. E.: Discussion, 
J. Infect. Dis. 719:533, 1969. 10, Finland, M.: Gentamicin: Antibacterial activity, 
clinical pharmacology and clinical applications, M. Times 97:161, 1969. 1l. 
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Get the 24-hour head start with 
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fi 
fitamicin i sulfate 
Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
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A square meal for 
patients who can't have 
a square meal. 






You're looking at a balanced and nutritionally 
complete dietary regimen. 

It's suited for patients who need either total or 
supplementary feeding. Nutri-1000™ liquid is sterile, 
prediluted, ready to use for oral administration or 

gavage feeding. If used according to directions 
it won't clog tube feeding equipment. 
Nutri-1000 liquid comes in conven- 
ient quart cans for easy storage in 
the hospital or at home. 
" Nutri- 1000 offers balanced 
J mineral levels to help meet 
the nutritional needs of the 
tube-fed patient. And its 
fat composition is designed 
for easy digestibility and 
absorption. 
It's a square meal 
in a round can. 









The nutritionally complete liquid 
bland diet that provides 
1000 calories per quart. 


SYNTEX LABORATORIES. INC 
NUTRITIONAL PRODUCTS Div 
PALO ALTO, CALIFORNIA 94304 


She’ had the best 


treatment for cervicitis. 
Why should her symptoms grow worse! 


Cervicitis is a major cause of malodorous vaginal 
discharge and irritation. Cauterization is a definitive 
treatment for cervicitis. But after cauterization, 
bacteria normally present in the vagina may flourish 
in the organic debris...cause increased necrosis 

and slough, more profuse and offensive discharge. 
The result may be temporarily increased irritation, . 
delay in healing. 


uracin 
(nitrofurazone) 
Vaginal Suppositories/Cream 
"The Cervical Dressing" 


Helps control infection after cauterization... 


minimizes malodorous discharge and irritation... 
encourages prompt,clean healing 


FURACIN (nitrofurazone) VAGINAL SUPPOSITORIES 
Formula: Each 2 Gm. suppository, hermetically sealed in gold 
foil, contains Furacin (nitrofurazone) 0.3% (6 mg) in a 
water-miscible base. 


Indications: For treatment of bacterial vaginitis and cervicitis and 
the resulting leukorrhea and malodor; prevention of infection 
before and following cervicovaginal surgery and electrosurgery, 
including hysterectomy and postpartum repair; before and after 
radiation therapy of pelvic neoplasms in women. 


Mode of Use: Insert one or two suppositories in the posterior 
fornix morning and night. The patient should remain supine 
for 10 minutes after insertion, to permit melting and spreading. 
Cleansing douches may be used prior to insertion if desired. 
Use for several days prior to surgery or radiation to eradicate 
accessible infections, and thereafter until healing is complete. 


SENSITIZATION: The frequency of sensitization is low—probably 
not over 1%. Symptoms are local sensation of burning, pruritus or 
erythema. Prompt termination of therapy causes the symptoms to 
disappear. , 


Supply—Boxes of 24 (with plastic applicator) and 12. 

Also available: Furacin (nitrofurazone) Vaginal Cream. 
Contains Furacin (nitrofurazone) 0.2% in a water-miscible 
cream base. Tube of 85 Gm. with plastic plunger-type 
applicator. (applicator delivers approximately 5.5 Gm. when 
filled with cream). 


NOTE: Furacin (nitrofurazone) preparations will darken on 
exposure to strong light but this does not decrease their efficacy. 
EATON PRODUCT CODE—For easy product identification 
and verification—Furacin Vaginal Suppositories (074). 
For ’round-the-clock medical consultation on Eaton products, 
telephone Norwich, New York, Area Code 607, 334-9911. 
®Originators and Developers of The Nitrofurans 
! | EATON LABORATORIES 


Division of The Norwich Pharmacal Company 
NORWICH, NEW YORK 13815 
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A gratifying 
announcement about 
Empirin Compound 

with Codeine 


You may now specify up to five refills 

E within six months when you prescribe 

TI Empirin Compound with Codeine 
: (unless restricted by state law). 





It is significant in this era of increased 
regulation, that Empirin Compound with Co- 
deine has been placed in a less restrictive category. 
You may now wish to consider Empirin with 
Codeine even more frequently for its predictable 
analgesia in acute or protracted pain of moderate 
to severe intensity. 


Empirin Compound with Codeine No. 3 contains 
codeine phosphate* (32.4 mg.) gr. 12. No. 4 
contains codeine phosphate* (64.8 mg.) gr. 1. 
*(Warning —may be habit-forming.) Each tablet 
also contains: aspirin gr. 3/2, phenacetin gr. 21^, 
caffeine gr. 1⁄2. 
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“Start Plasmanate Solution Now" 


Four important words in burn therapy. 


Plasma fluid loss and shock are two important 
problems in severe burn cases. Plasmanate* Plasma 
Protein Fraction (Human), 5% U.S.P. treats both 
conditions with no risk of hepatitis. 

When speed and safety are your prime considera- 
tions, Plasmanate solution is the product to start 
immediately. Plasmanate solution gives reliable 
volume expansion in cases of shock. It is particularly 
valuable where there is a predominant loss of 
plasma fluid, rather than red blood cells. 

Plasmanate solution is fractionated solely from 
human venous blood. There are no cross matching 


Summary of prescribing information: 


Plasmanate® plasma expander is stabilized, buffered, 5°% solution of 


selected plasma proteins: 8875 serum albumin, 7% alpha globulin, 5°% 
beta globulin. Standardized electrolvtes consistently deliver lower sodium 
(110 mEq.L), potassium (0.25 mEq.L), and chloride (50 mEq.L), than 
plasma or 25% albumin. Each flask is heat-treated at 60°C. for 10 hours 
against the possibility of transmitting the hepatitis virus. Indications: 
Shock from hemorrhage, burns, crushing injuries, abdominal emergencies 
and other causes when there is predominant loss of plasma fluid and not 
red cells. Also, treatment of hypoproteinemia. Warning: Observe hyper- 
volemic patients carefully during and following infusion to avoid cir- 
culatory embarrassment and pulmonary edema. Precautions: Administer 
intravenously only. Do not mix or infuse through the same set with 
either Protein Hydrolysate solution or those containing ethyl alcohol. 
Plasmanate Solution does not contain coagulation factors and should not 
be relied on to treat coagulation defects. Use with care in patients with 
normal or increased blood volume. 


problems, nor have any allergic reactions been 
reported with its use 


Plasmanate solution is an important therapy con- 
sideration in your burn cases, it is ideally low in 
sodium, potassium and chloride content, and does 
not cause dehydration. 


For more information talk to your Cutter repre- 
sentative or write Cutter Laboratories, Inc., Fourth 
and Parker Streets, Berkeley, Califor- 
nia, 94710. World Leader in Human 
Plasma Fractions. 


Plasmanate 


PLASMA PROTEIN FRACTION 
. [HUMAN], 5% U.S.P 
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intracerebral E 
or subdural 
hematoma? 


After surgery, when 


nutritional supplementation 
is indicated 


Berocca avis is therapy 


With balanced, high potency 
B-complex and C vitamins. 
No odor. | 

Virtually no aftertaste. 


Lowest priced Rx formula. 


Please see Complete Prescribing Information, 
a summary of which follows: 


Each Berocca Tablet contains: 
Thiamine mononitrate 
Riboflavin 

Pyridoxine HCI 

Niacinamide 

Calcium pantothenate 
Cyanocobalamin 

Folic acid 

Ascorbic acid 


Indications: Nutritional supplementation in conditions 
in which water-soluble vitamins are required prophy- 
lactically or therapeutically. 

Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. Neu- 
rologic involvement may develop or progress, despite 
temporary remission of anemia, in patients with per- 
nicious anemia who receive more than 0.1 mg of folic 
acid per day and who are inadequately treated with 
vitamin Bi. 

en 1 or 2 tablets daily, as indicated by clinical 
need. 

Available: In bottles of 100. 
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_ Send her home 
with the APC/narcotic 
that's different 


=m. It doesn't contain codeine. 
r Instead Percodan incorporates oxycodone as its 
chief analgesic component. And while its habit- 
forming potential is somewhat greater than that of 
' codeine, it does make a therapeutic difference. 
4 Percodan usually works with- 
1 in fifteen minutes and its 
relief persists for up to 
six hours on a single oral 
dose. And even when con- 
stipation is a problem, Percodan 
is generally well tolerated. 
Percodan. For reliable relief of 
moderate to severe pain. 


Contraindications: Percodan should not be used 
in patients with glaucoma and in patients hyper- 
Œ sensitive to its ingredients (oxycodone, aspirin, 

phenacetin, caffeine and homatropine). 

Precautions: The habit-forming potentialities of Percodan 

are somewhat less than those of morphine and somewhat 
greater than those of codeine. The usual precautions should be 
observed as with other opiate analgesics. Percodan should be 
/ used with caution in patients with blood dyscrasias. It is 
/ generally well tolerated, but in some patients nausea, emesis, 
P or constipation may occur. 

Usual Adult Dose: One tablet every 6 hours 
preferably after meals or with milk. 


Dercodan « 


Each yellow, scored tablet of Percodan contains 4.50 mg. oxycodone HCl 
(Warning: May be habit-forming), 0.38 mg. oxycodone terephthalate 
(Warning: May be habit-forming), 0.38 mg. homatropine terephthalate, 
224 mg. aspirin, 160 mg. phenacetin, and 32 mg. caffeine. 


After minor surgery--reliable pain relief 
that's rapid and long lasting 
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Notice to Contributors and Subscribers 


The ANNALS or SuRGERY considers for pub- 
lication original articles only, papers which 
offer significant contributions to the advance- 
ment of surgical knowledge. 


CONTRIBUTIONS. Original typed manuscripts 
and illustrations, plus three copies and 3 sets 
of illustrations, exchanges and book reviews 
should be forwarded prepaid, at the author's 
risk, to the Chairman of the Editorial Board 
of the ANNALS or SURGERY: 


Jonathan E. Rhoads, M.D. 
1000 Ravdin Institute, 3400 Spruce St. 
Philadelphia, Pa. 19104 


Manuscripts, as well as list of references, 
should be typed double spaced on one side 
of the paper, leaving wide margins. While 
every effort will be made to guard against loss, 
it is advised that authors retain copies of manu- 
scripts submitted. The complete address for 
reprint requests should be included in the 
title page. All pages should be numbered. 


Digits one to ten should be spelled out, 
except when used for units of measurement 
(time, weight, volume, dosage, degrees) per- 
centage, or when decimals are involved; for 
numbers above ten, numerals should be used. 
Dorland's Medical Dictionary and Webster's 
International Dictionary may be used as stand- 
ard references. Scientific names for drugs 
should be used when possible. Copyright or 
trade names of drugs should be capitalized. 
Units of measurement, e.g., dosage, should be 
expressed in the metric system. Temperature 
should be expressed in degrees centigrade. 
Contributions in a foreign language, when ac- 
cepted, will be translated and published in 
English. 


Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 
the number supplied. Colored illustrations will 
be published at the author's expense. Black and 
white photographs should be in the form of 
glossy prints. Line and wash drawings should 
be black on white paper, with lettering in 
black india ink, large enough to be readable 


after necessary reduction. Large or bulky illus- 
trations should be accompanied by smaller 
glossy reproductions of the same, to facilitate 
their circulation among the reviewing members 
of the editorial board. Illustrations should be 
numbered, the tops indicated, and the author's 
name and the title of the article in brief appear 
on the back. A separate typewritten sheet of 
legends for the illustrations should be supplied. 


A bibliography of numbered references in 
alphabetical order should appear at the end of 
the manuscript with corresponding numbering 
in the text. Bibliographies should conform to 
the style of the Index Medicus with the excep- 
tion that the last page number should be 
omitted, viz: authors name, title of article, 
name of journal, volume number, first page 
number, and year of publication in the order 
named. 
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opinions expressed by contributors. 
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A Dulcolax suppository 
can do anything an enema can — 
except scare people. 


Just one suppository usually assures a predictable 
bowel movement in 15 minutes to an hour. Gone are the tubing, the 
“accidents,” and the bruised egos associated with enemas. 

For preoperative preparation, the combination of 
tablets at night and a suppository the next morning usually cleans the 
bowel thoroughly. Suppositories may also be particularly helpful when 
straining should be avoided, as in postoperative Care. 

As with any laxative, abdominal cramps are occasion- 
ally noted. Dulcolax is contraindicated inthe acute surgical abdomen. 


Dulcolax...the cure for enemaphobia 


bisacodyl NF 


Under license from Boehringer Ingelheim G.m.b.H. GEIGY Pharmaceuticals, Division of CIBA-GEIGY Corporation, Ardsley, New York 10502 
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No other disposable or muslin drape can 
equal the performance of the new single-use 
BARRIER" 34 Sheet in extremity draping. 

Fluids won't soak through, even under 

pressure from a limb. Towel clamps grip 
securely without tearing. And the ab- 
sorbent surface helps control fluid 

run-off at the operative site. 
The secret is the extra-large panel 
of tough DRISITE* Fabric bonded 
> A to critical areas of the sheet. Im- 
AE / pervious to moisture, this unique 
fabric prevents migration of patho- 

| gens through the drape. 

Even if you're still using muslin drapes, 
you'll want to add an extra measure of safety 
to your extremity draping procedures—the 
sterile, single-use BARRIER ?4 Sheet. 


The new BARRIER’ 34 Sheet with 
DRISITE Fabric Panel. 


NEW SIZE... NEW PROTECTION 


innovators in surgical draping 
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The antistaph 
ecialist 
that’s always 
on call. 


One of the most effective antistapl agents. 
Reconstitutes in less than 60 seconds. 
Remains stable for 24 hours’ 


Rapid penetration of target areas 


Following intramuscular administration, Unipen appears rapidly in plasma. 
It penetrates body tissues in high concentration and diffuses well into pleural, 
pericardial and synovial fluids. 








When the infection is penicillin-G resistant 


Unipen (sodium nafcillin) is indicated principally in the treatment of 
infections known to be due to penicillinase-producing staphylococci which 
have been shown sensitive to it. 


When in doubt 


Unipen is particularly suitable for initial therapy in severe or potentially 
severe infections before definitive culture results are known and in which 
penicillinase-producing staphylococci are suspected.t In such cases, take 
appropriate specimens for bacteriologic studies to determine the causative 
organisms and their sensitivity to nafcillin prior to the first dose of antibiotic. 


* Penicillinase-producing staphylococci which have been shown sensitive to nafcillin. 


tSee important information under parenteral administration on next page. 
+See Important Note, on next page. 


UNIPEN 
(sodium nafcillin) 


as the monohydrate, buffered 


Ease of reconstitution plus 24-hour stability in I.V. solu- 
tions put this potent antistaph agent ‘‘on call.” 
No precipitation, less than 10% loss in activity in I.V. 
solutions held at room temperature for 24 hours.+ 

e 5% dextrose in water 

e 5% dextrose in 0.4% NaCl solution 

e [sotonic NaCl 

e Ringer's solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 


TSee “Intravenous Route" section of Brief Summary on this page. 


Indications 

The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 
therapy. 

Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteri- 
ology report later indicates the infection is due to an organism other 
than a penicillin G-resistant staphylococcus sensitive to sodium naf- 
cillin, the physician is advised to continue therapy with a drug other 
than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methicillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicil- 
lins. For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 
these antibiotics. 

Contraindications 

A history of allergic reaction to any of the penicillins is a contra- 

indication. 


Warnings 

Serious and occasionally fatal hypersensitivity (anaphylactoid) re- 
actions have been reported in patientson penicillin therapy. Although 
anaphylaxis is more frequent following parenteral therapy is has 
occurred in patients on oral penicillins. These reactions are more 
apt to occur in individuals with a history of sensitivity to multiple 
allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hyper- 
sensitivity reactions when treated with a cephalosporin. Before ther- 
apy wit» a penicillin, careful inquiry should be made concerning 
previous hypersensitivity reactions to penicillins, cephalosporins, 
and other allergens. If an allergic reaction occurs, appropriate ther- 
apy should be instituted, and discontinuation of nafcillin therapy 
considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 


Precautions 

As with any potent drug, periodic assessment of organ system 
function, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind curing long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular cere should be taken with intravenous administration 
because of the possiblity of thrombophlebitis. 


Adverse Reactions 

Reactions to sodium nafcillin have been infrequent and mild in 
nature. As with other penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in 
severe infections. The patient should be placed on oral therapy with 
this product as soon as the clinical condition warrants. TIntravenous 
Route: If given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 5% dextrose in 0.4% NaCl 
solution, Ringer’s solution or M/6 sodium lactate solution (conc. of 
30 mg./mL). Discard any unused portions of I.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 to 30 mg./ml. The drug concentrate and the rate and 
volume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This rcute of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular route: After reconstitution, keep under refrigera- 
tion and use within 48 hours. The clear solution should be adminis- 
tered by deep intragluteal injection immediately after reconstitution. 


Oral Administration 
Beta-hemolytic streptococcal infections should be treated for at 
least 10 days to prevent development of acute rheumatic fever or 
glomerulonephritis. 
If oral therapy is inadequate, resort to parenteral sodium nafcillin. 
After mixing, the oral solution must be stored in a refrigerator. 
Discard aay unused portion after one week. 


Supplied 

INJECTION— Vials of 500 mg., 1 and 2 Gm. Each cc. after recon- 
stitution contains 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Also available—CAPSULES—containing sodium nafcillin, 
as the monohydrate, equivalent to 250 mg. nafcillin buffered with 
calcium carbonate in bottles of 24 and REDIPAK® (strip pack) 
Wyeth, boxes of 25. FOR ORAL SOLUTION—Combination pkg. of 
vial of dry sodium nafcillin as monohydrate and bottle of diluent— 
provides 80 cc. of solution containing equivalent of 250 mg. nafcillin 
per 5 cc. Alcohol 295. 


Wyeth Laboratories Philadelphia, Pa. 






efights skin infections 
due to susceptible 
organisms 

erarely sensitizes 


POLYSPORIN OINTMENT 


: a . Each gram contains: Aerosporin? brand 
(polymyxin B-bacitracin) Polymyxin B Sulfate 10,000 units; Zinc Bacitracin 


500 units, in special white petrolatum q.s. 


For minor burns, cuts, infections. Topical antibacterial action 
against a wide range of susceptible organisms. Rare 
chance of sensitization. Especiallyfor patients with 


possible sensitivity to other topical antibiotics. 








Available in 1- and ¥2-0z. tubes. 
Contraindications: This product is contraindicated in those 
individuals who have shown hypersensitivity to any of its components. 


Caution: As with other antibiotic products, prolonged use may 
result in overgrowth of nonsusceptible organisms, including 
fungi. Appropriate measures should be taken if this occurs. 
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Ketalar 
(Ketamine HCl) 


Progress 
Repo 


One year of nationwide T 
clinical use; one decade of guber 
research and development . 
at Parke-Davis. A continu- 

ing program that has 

made KETALAR anesthesia 
a reality. 












In routine induction, 
A asmooth, 
uncomplicated start 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or IV. which 
greatly simplifies the proce- 
dure for children and adults 
alike. KETALAR is also clini- 
cally compatible with com- 
monly used general anes- 
thetics, pre- and postanes- 
thetic medications, includ- 
ing anticholinergics, muscle 
relaxants, and tranquilizers. 


In high-risk surgery, 
an added measure 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
"poor-risk" patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
tective laryngeal-pharyngeal 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. | 


In short pr ocedures, absence of tachyphylaxis 


more problems and organ/tissue accumula- 
tion is a definite plus in re- 
solved, fewer petitive procedures. Grow- 
created ing experience with 
KETALAR, as sole agent KETALAR shows that emer- 


simplifies and improves an- |gence reactions can be ef- 
esthesia in a host of "prob- fectively reduced by allow- 
lem procedures.” It has ing patients to awaken 
proven to be especially valu- |Naturally with minimal ver- 
able in the management of —|bal or tactile stimulation, 
severe burn patients, and its and, where indicated, by 
rapid and profound anal- employing agents such as 
gesic effect provides a major droperidol or diazepam. 


advantage in numerous "Tw 
painful diagnostic tests and In pediatrics, a new 


short surgical procedures — era in anesthesia 

not requiring skeletal mus- 

cle relaxation. The virtual — |KETALAR anesthesia repre- 

sents a milestone in the 

management of infants and 

children. It offers — for the 

é |first time — efficient general |; 
| anesthesia by intramuscular | 

i injection. In terms of both 





j the clinical experience with 
KETALAR may qualify it in 


! of choice for pediatric 

-| anesthesia. 

K | KETALAR UPDATE: 

| | Now indicated for use in 
4| |cardiac catheterization. 
_|Now available in new 
100 mg./ml., 5 ml. vials 
for IM use. 


See next page for prescribing information. 


Ketalar 
(Ketamine HCI) 
Parke-Davis 


advancement in 
anesthesiology 





advancement in [XO Kétalar 





anesthesiology ex peste i) 


KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 


sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanica! support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, imcluding obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does nct preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiratian: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Dip'opia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychological: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 
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PARKE, DAVIS & COMPANY Detroit, Michigan 48232 


Up until now, extremely 
pliable catheters could be 
introduced only by a surgical 
procedure —a cutdown. 

Or you could choose from 
a number of relatively stiff cath- 
eter mechanisms with their in- 
herent problems: Retention of 
needle and/or housing. High 
rates of phlebitis. Punctured or 
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»di- Cath 


amaged veins. The possibility 
of reduction or stoppage of 
fluid flow due to kinks. And the 
far more disastrous possibility 
of a broken catheter loose In 
a vein. But not any more. 

Now you can deliver an 
incredibly pliable SILASTIC ' 
silicone catheter in a proce- 
dure as simple as giving a snot. 





ine Been thats Os simple 


as giving a SNOT 
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INTRAVENOUS 
CATHETERIZATION. 





MUOU VVIULT UIU, LO., UTSALPUST, 
blood, etc., make veni- 
puncture (upper left). 


When needle bevel is 
within the vein lumen (veri- 
fied by show of blooc) simply 
depress injection chember, 
firing the SILASTIC silicone 
catheter into place 
(lower left). 

All that remains are a few 
simple steps to completely 
remove the needle and 
housing. Shown at upper uL NS 
right is the pliable SILASTIC 
silicone catheter in place in 
the internal jugular vein after 
central venous puncture. 


shown at lower right is the 
pliable SILASTIC silicone 
catheter in place at the wrist 
after peripheral application. 
Note: Any superficial vein 
used in blood transfusion or 
intravenous injection is 
suitable for applicatioa of the 
MEDI-CATH system. 


Available in 14- and 16- 
gauge, 2-inch needle with 
9-inch radiopaque 
SILASTIC * silicone catheter. 


We d like to give yo. and 
your hospital staff a com- 
plete demonstration, includ- 
ing a showing of our movie 
of the MEDI-CATH system in 
action. Just fill out coupon 
below. 








INTRAVENOUS DELIVERY UNIT WITH 





SILASTIC® SILICONE CATHETER 


The system 
that's as simple as 
givingas 














LI 
Name Title 
Hospital 
Street 
City State Zip 





Mail to Chesebrough-Pond's Inc., Hospital Products Division, 
485 Lexington Avenue, New York, New York 10017. 





ExECG — SÜRGER (COVERY EMERGENCY 


THE 
MULTI- 
DEPARTMENT 
MONITORS 


With today’s rising over- 
head costs, product versa- 
tility is of prime importance 
to hospital management. 
Burdick cardiac monitors 
have interdepartmental ver- 
satility that allows constant 
patient surveillance at the 
ICU; in the emergency, re- 
covery or operating rooms; 
and for EXECG procedures 
when needed— then moved 
to the next assignment. 
Added to this multi-depart- 
ment flexibility, Burdick 
monitors offer dependability 
and ease of operation. 
Both have 5-inch polarized 
screens, and are available 
with interchangeable pre- 
amplifiers for specific appli- 
cations. The CS/515 fea- 
tures an integral heart rate 
meter. 





For the complete story 
on multi-use cardiac moni- 
toring, see your Burdick 
dealer — or write The Bur- 
dick Corporation, Milton, 
Wisconsin 53563. 


CS/505 BURDICK 
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IS THE ALL THYROID- TWO GOOD REASONS 
EDICTABLE FUNCTION TESTS ARE WHY THE ROAD TO 
JRMONE BECAUSE USEFUL IN NORMALIZED 
LOVES PROTEIN. MONITORING THYROID STATUS IS 
SYNTHROID THERAPY. SO SMOOTH FOR TH 
SYNTHROID PATIEN' 


NTHROID® (sodium No calculations are needed, test (1) The onset of action of T, is 
othyroxine) is pure synthetic T,, interpretation is simple. gradual. It has a long in vivo 
major circulating thyroid Any of the commonly used T, “half-life” of over six days. 
mone. It is reliable to use thyroid function tests (P.B.l., T, By (Occasional missed doses or 
ause Of its affinity for protein- Column, Murphy-Pattee, Free accidental double-doses are of 
ding sites in the blood. T, is Thyroxine) are useful in monitoring concern because of this factor, 
e fickle. Sometimes it binds. patients on T, because they all (2) since SYNTHROID contains : 
etimes it doesn't. T, more measure T,. Patients on T,, the potential for metabolic 
dictably binds to protein. SYNTHROID are thereby easy to surges traceable to more poten 
monitor because their results will iodides (T,) is eliminated. 


fall within predictable, elevated 
yn roid test ranges. Of course, clinical 1. Latiolais, C. J., and Berry, C. C.: Misuse | 
i i i Prescription Medications by Outpatients, 
assessment is the best criterion of Drug Intelligence & Clin. Pharm. 3:270-7,* 
the thyroid status of the drug- 
treated patient. 


— ——— 


SYNTHROID 
THERAPEUTIC 
TEST HYPOTHYROID NORMAL 
P.B.I. Less than 4 mcg % 6-10 mcg % 
T4 By Column Less than 3 mcg % 7-9 mcg % 
Ts (Resin) Less than 25% 27-35% 
Ts (Red Cell) Less than 11% |. 11.5-1896 


Free Thyroxine Less than 0.7 0.7-2.5 
nanograms 96 nanograms 96 


Murphy-Pattee | Less than 2.9 4-11 mcg % 
| mcg 96 





Y DOES SYNTHROID 
OST LESS THAN 
YNTHETIC DRUGS 
ONTAINING T;? 


ry simple. T4 costs more to make 
nthetically than does T,. So it is 
zonomically necessary for a 
nthetic thyroid medication 
sntaining T, to cost more than 

e containing T, alone. Synthetic 
imbinations cost patients nearly 
I% more than SYNTHROID? 
cause the T, costs more to start 
th; also there is the additional 
pense of formulating a tablet 
ntaining two active ingredients. 
American Druggist BLUEBOOK, March, 1971. 


KNOWLEDGE OF THE 
"70's CHALLENGES 
CUSTOMS CONCERN- 
ING DESICCATED 
THYROID DRUGS. 


In the past, desiccated thyroid 
produced from animal glands was 
considered “good, and cheap." We 
now know that improved products 
are available and the price 
difference has narrowed to the 
point of being inconsequential. 
(SYNTHROID, for instance, costs 
patients about a penny a day more 
than brands of desiccated thyroid.) 
What does this additional $3.65 
a year buy the patient? Quite a bit in 


terms of quality, reliability and service. 


SWITCHING PATIENT 
TO SYNTHROID 
IS EASY. 


Switching present patients to 
SYNTHROID (or starting new on 
is a simple matter. SYNTHROID 
is available in the widest range 
of dosage strengths of any thyr 
drug. Seven scored, color-code 
tablet strengths are available pl 
lyophilized injectable form for 
emergency or postoperative use 


RESPONSE, RELIABILITY, SERVICE — COMPARISON OF FIVE PARAMETERS 


PARAMETERS 


‘SOURCE OF HORMONE 





DESICCATED THYROID U.S.P. 

! Animal glands (swine sheep, cows). Hormone 

content of glands and ratio of T4-T4 varies by type of 

animal, season In. which gland is harvested, and diet 
5 


of animal. 1.2.3. 


“GENERAL ASSAY TECHNIQUE 


a 


“Its major disadvantage is inadequate. 
standardization of hormonal content.' 


Synthetically derived pure crystalline hormone. 
Because no animal protein is present, no objection- 
able odor occurs upon aging. 


Unlike desiccated thyroid U.S.P., 
require bioloaic standardization to establish its 


SYNTHROID® (sodium levothyroxine) 





thyroxine does not 


potency. ?. 6 Crystalline T4 is used. Purity is verified 
by paper chromatography. Content of tablets is 
standardized by weight 


CLINICAL RESPONSE = 


PREDICTABILITY 


“Ta and T4 ratio varies according to gland source. 
Fluctuations in response can occur 
Potency can vary.''3 





Failure of thyroid U.S.P. treated patients to show 
clinical improvement and/or lack of correlation in 
Clinical findings to thyroid function test results has 
been frequently discussed in the literature.9. 9.10. 11 
12. 13.14. 15. 16 Regardless of which factor or factors 
accounts for this phenomenon the fact remains that 


"Sodium levothyroxine has been extensively used 
with satisfaction and is widely held to be superior 
to (desiccated) thyroid.''? 

"There are well documented examples of patients 
who failed to respond satisfactorily to desiccated 
thyroid but subsequently responded to (sodium-1) 
thyroxine.''4 

Test results predictably elevated. . oral potency 
of this material is attested to by a MER oia good 
clinical response corroborated by a prompt and 
sustained increase in the serum PBI levels.'"'!6 


discrepancies do occur. 


|" PATIENT MEDICATION 
ADHERENCE SYSTEM 





Prescription bottles only. 


1. Mangieri, C. N. and Lund, M. H.: Potency of United States Pharmacopeia 
desiccated thyroid tablets as determined by the antigoitrogenic assay in 
rats, J. Clin. Endocrinol. Metab., 30:102-4, 1970. 

2. Lavietes, P. H. and Epstein, F. H.: Thyroid therapy of myxedema: a 
comparison of various agents with a note on the composition of thyroid 

secretion in man, Ann. Intern. Med., 60:79-87, 1964. 

. Armour Pharmaceutical Company—discussing Armour Thyroid, PROLOID 
other generics. Literature No. 21329 — 274 —YZ—1— IM 2/71. 

. Abelson, D. M.: Hypothyroidism, Med. Sci., 10:442-8, 1961. 

| McGregor, A. G.: Why does anybody use thyroid B. P.?, Lancet, 7: 
329-32, 1961. 

. Hart, F. D. and Maclagen, N. F.: Oral thyroxine in treatment of 
myxedema, Brit. Med. J., 1:512-8, 1950. 

. Goodman, L. S. and Gilman, A.: The Pharmacological Basis of 
Therapeutics, 4th Ed. p. 1479, New York: Macmillan, 1970. 

. Harrison, T. R., et al.: Principles of Internal Medicine, 6th ed. p. 456. 

Philadelphia: Blakiston, 1970. 


. Bartuska, D. G., et al. 


Free TAB- MINDER medication dispensers available 
to physicians for all new SYNTHROID patients to 
assist in remembering daily dosage regime. 


. Braverman, L. E. and Ingbar, S. H.: Anomalous effects of certain 


preparations of desiccated thyroid on serum protein-bound iodine, 
New Eng. J. Med., 270:439-42, 1964. 


. Green, W. L.: Guidelines for the treatment of myxedema, Med. Clin. 


N. Amer., 52:432-50, 1968. 


. Dowling, J. T.: Hypothyroidism in Current Therapy, Conn. H. F., ed. 


pp. 345-7. Philadelphia: Saunders, 1964. 


. Dunn. J. T.: Excessive dose of thyroid medication in hypothyroidism, 


J. Am. Med. Assn., 276:152, 1971. 


. Runyan, J. W.: Hypothyroidism and myxedema, J. Tenn. State Med. 
3. 


Assn., 56:391-4, 


: Albright, E. 0. Use and abuse of thyroid hormones, comments on 


treatment, Marquette University, Milwaukee, Wisc. 


. Catz, B.: Ginsburg, E. and Salenger, S.: Clinically inactive thyroid 


U.S.P.: a preliminary report, New Eng. J. Med., 266:136-7, 1962. 
: Desiccated thyroid U.S.P. or sodium I-thyroxin: 
J. Amer. Med. Women's Assn., 27:137-9, 1966. 





ATIENTS CAN BE 
UCCESSFULLY 
AINTAINED ON A 
MUG CONTAINING 
HYROXINE ALONE. 


Yyroxine (T,) is, as you know, 
e major circulating hormone 
oduced by the thyroid gland. 
; is also produced, in smaller 
ounts, and is active at the 
sllular level. For years it has been 
working hypothesis among 
docrinologists that T, is 
onverted by the body to T;. In 
370 this process, called 
leiodination," was demonstrated 
j Braverman, Ingbar, and Sterling?. 
; does convert to T,, though the 
ecise quantities are still being 
udied. 
The conversion has been 
inically demonstrated during the 
iministration of T, to athyrotic 
atients. Their thyroid status is 
yrmalized on SYNTHROID alone, 
xt the presence of T, in these 
atients has been clearly shown. 


hoose 


CONSIDERATE 
LONG-TERM THERAPY 
FOR THE PATIENT. 


Predictable patient response, of 
course, is more important than 
price. You do get complete clinical 
response with the single-entity 
synthetic, SYNTHROID. And, at a 
reasonable cost to the patient. 

In some short term situations, T, 
drugs can be useful but, in long 
term therapy, the smooth road 
provided by SYNTHROID may be 
the better route. 

SYNTHROID, with its smooth 
road to complete thyroid 
replacement therapy, has been 
selected for more patients in the 
United States and Canada than any 
other brand of thyroid medication. 


2. Braverman, L. E., Ingbar, S. H., and 
Sterling, K.: Conversion of Thyroxine (T4) to 
Triiodothyronine (T3) in Athyreotic Human 
Subjects, J. Clin. Invest. 49:855-64, 1970. 


e Smooth 


Oa 


...to thyroid replacement therapy~ 


AS WITH ANY 
THYROID 
PREPARATION, 
CAUTIOUS 
OBSERVATION OF TH: 
PATIENT DURING TH- 
BEGINNING OF | 
THERAPY WILL ALER 
THE PHYSICIAN TO 
ANY UNTOWARD 
EFFECTS. 


Side effects, when they do occu” 
are related to excessive dosage 
Caution should be exercised in 
administering the drug to patien‘ 
with cardiovascular disease. Rea 
the accompanying prescribing 
information for additional data c 
write Flint Laboratories. 


FREE TAB-MINDER medicatic. 
dispensers—color-coded in 4 dow 
age strengths—get patients off 
a good start and encourage re. 
ular habit patterns. Contain f 
4-weeks' supply of SYNTHROI 
and are reusable for maintenanc 

dosage. 





CYTOMEL 
(Sodium liothyronine) 
Synthetic Ta 


Unscored 5 mcg. 
N.A, 
25 mcg. 
N.A. 
50 mcg. 
N.A. 
N.A. 
N.A. 


AFFMNVUAINAIC VVGAVUE CUVIVALEIIIJ 


EUTHROID** 
(Liotrix) 
Synthetic Ta-T4 


N.A, 
Va 

4 
N.A. 
2 

3 
N.A. 
N.A. 


A.= Not Available Commercially 


Animal Gland 


Desiccated 
THYROLAR#*#** (Thyroid, USP) PROLOID 
(Liotrix) Cow, sheep or hog (thyroglobulin) 
Synthetic Ts-Ta thyroid Frozen hog thyroid 
N.A, unscored Y4 gr. V4 gr. 
Va unscored ¥ gr. Yo gr. 
1 unscored 1 gr. 1 gr. 
N.A N.A. 1% gr. 
2 unscored 2 ar. 2 gr. 
3 unscored 3 gr. 3 gr. 
N.A, unscored 5 gr. 5 gr. 
N.A N.A. N.A, 


juivalents shown are chemical, and do not take into 


»)nsideration individual patient variables. Clinical 
fect is approximate and should be monitored when 
mverting a patient to SYNTHROID. This is particu- 
rly important in patients previously on desiccated 


yroid. In these patients, lower doses of 
(NTHROID may produce the same metabolic effect. 


ithroid (#1 tablet) contains 60 mcg. of T4 and 


; mcg. of T3. 


yrolar (#1 tablet) contains 50 mcg. of T4 and 


!.5 mcg. of Tg. 






sodium levothyroxine) 


yynthroi 





d 





Indications: SYNTHROID (sodium levothyroxine) is specific replacement therapy for diminisl 
absent thyroid function resulting from primary or secondary atrophy of the gland, congeni! 
fect, surgery, excessive radiation, or antithyroid drugs. Indications for SYNTHROID (sodiu 
thyroxine) Tablets include myxedema, hypothyroidism without myxedema, hypothyroidism in 
nancy, pediatric and geriatric hypothyroidism, hypopituitary hypothyroidism, simple (no! 
goiter, and reproductive disorders associated with hypothyroidism. SYNTHROID (sodium 
thyroxine) for Injection is indicated for intravenous use in myxedematous coma and other t 
dysfunctions where rapid replacement of the hormone is required. The injection is also ind 
for intramuscular use in cases where the oral route is suspect or contraindicated due to e) 
conditions or to absorption defects, and when a rapid onset of effect is not desired. 


Precautions: As with other thyroid preparations, an overdosage may cause diarrhea or ci 
nervousness, tremors, tachycardia, vomiting and continued weight loss. These effects may 
after four or five days or may not become apparent for one to three weeks. Patients receivi 
drug should be observed closely for signs of thyrotoxicosis. If indications of overdosage a 
discontinue medication for 2-6 days, then resume at a lower dosage level. In patients with di; 
mellitus, careful observations should be made for changes in insulin or other antidiabetic 
dosage requirements. If hypothyroidism is accompanied by adrenal insufficiency, as Addison 
ease (chronic subcortical insufficiency), Simmonds's Disease (panhypopituitarism) or Cus 
syndrome (hyperadrenalism), these dysfunctions must be corrected prior to and during SYNT 
(sodium levothyroxine) administration. The drug should be administered with caution to pi 
with cardiovascular disease; development of chest pains or other aggravations of cardiove 
disease requires a reduction in dosage. 

Contraindications: Thyrotoxicosis, acute myocardial infarction. Side effects: The effects o 
THROID (sodium levothyroxine) therapy are slow in being manifested. Side effects, when tl 
occur, are secondary to increased rates of body metabolism; sweating, heart palpitations v 
without pain, leg cramps, and weight loss. Diarrhea, vomiting, and nervousness have alst 
observed. Myxedematous patients with heart disease have died from abrupt increases in dos 
thyroid drugs. Careful observation of the patient during the beginning of any thyroid thera| 
alert the physician to any untoward effects. 

In most cases with side effects, a reduction of dosage followed by a more gradual adju: 
upward will result in a more accurate indication of the patient's dosage requirements witht 
appearance of side effects. 

Dosage and Administration: The activity of a 0.1 mg. SYNTHROID (sodium levothyroxine) 1 
is equivalent to approximately one grain thyroid, U.S.P. Administer SYNTHROID tablets as a 
daily dose, preferably after breakfast. In hypothyroidism without myxedema, the usual initia 
dose is 0.1 mg. daily, and may be increased by 0.1 mg. every 30 days until proper metabol 
ance is attained. Clinical evaluation should be made monthly and PBI measurements aboul 
90 days. Final maintenance dosage will usually range from 0.2-0.4 mg. daily. In adult myx 
starting dose should be 0.025 mg. daily. The dose may be increased to 0.05 mg. after two 
and to 0.1 mg. at the end of a second two weeks. The daily dose may be further increased i 
month intervals by 0.1 mg. until the optimum maintenance dose is reached (0.1-1.0 mg. dai 


Supplied: Tablets: 0.025 mg., 0.05 mg., 0.1 mg., 0.15 mg., 0.2 mg., 0.3 mg., 0.5 mg., scor 
color-coded, in bottles of 100, 500, and 1000. Injection: 500 mcg. lyophilized active ingi 
and 10 mg. of Mannitol, N.F., in 10 ml. single-dose vial, with 5 ml. vial of Sodium Chloride 
tion, U.S.P., as a diluent. SYNTHROID (sodium levothyroxine) for Injection may be admin 
intravenously utilizing 200-400 mcg. of a solution containing 100 mcg. per ml. If significi 
provement is not shown the following day, a repeat injection of 100-200 mcg. may be give 


FLINT LABORATOI 


DIVISION OF TRAVENOL LABORATORIES 
Morton Grove, Illinois 60053 


ite ae T ADRA vu coo ye ee a 
CLEAR AND HERE OFFER: 
IS OUR OFFER. Free TAB-MINDER medication 


dispensers to start or convert al 
Synthetic thyroid drugs are an your hypothyroid patients to 
improvement over animal gland SYNTHROID. Free information t 
products. Patients, even athyrotic sted dobar educa eke Š 
ones, can be completely titled: “Guideposts to Thyroid 
maintained on SYNTHROID (T) Therapy.” Ask us. 

alone. Thyroid function tests are 

easy to interpret since they are 

predictably elevated when the 
patient adheres to SYNTHROID. 
Of all svnthetic thvroid druas. 


Name 





Address 


——— —— — —————— 






Lofty 


Hemorrhoids 


Mr. H.H.,55, high steel construction worker. For several years, other medications 
provided little or no relief from pain, burning, and itching of internal 

and external hemorrhoids. Made worse by much heavy lifting which increased 
pressure in the intrahemorrhoidal plexus. "It wasn't serious enough,” 

so he procrastinated in consulting a doctor. Was also afraid the doctor 

might find something really serious. Bright blood appearing 

in the toilet bowl and on toilet tissue scared him into seeing doctor. However, 
careful history and examination disclosed internal hemorrhoids. 















Each suppository contains hydrocortisone 
acetate 10 mg, bismuth subgallate 2.25%, 
bismuth resorcin compound 1.75%, benzyl 
benzoate 1.2%, Peruvian balsam 1.8%, zinc 
oxide 11.0%, and boric acid 5.0%, plus the 
following inactive ingredients: bismuth 
subiodide, calcium phosphate, and color- 
ing in a bland hydrogenated vegetable 
oil base. 

Precaution Prolonged or excessive use of 
Anusol-HC might produce systemic cortico- 
steroid effects. Symptomatic relief should 
not delay definitive diagnosis or treatment. 
Dosage and Administration Anusol-HC: 
One suppository in the morning and one at 
bedtime for 3 to 6 days or until the inflam- 
mation subsides. Regular Anusol: One 


suppository in the morning, one at bedtime, 


and one immediately following each 
evacuation. 


atypical 


proctological 


| patient 


: : to help relieve the pain, 


itching, burning 


- — associated with this 
~ and similar anorectal 
; conditions 


prescribe 


nusol- 


® EH 
hemorrhoidal 

suppositories 

with hydrocortisone 

acetate 

And for long-term 

patient comfort...recommend 

Anusofl hemorhoidal 

suppositories. 

Each suppository contains 

the ingredients of 

Anusol-HC without the 

hydrocortisone. 


Warner-Chilcott 


Division, Wamer-Lamber Company 
Morris Plains, New Jersey 07950 
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Number seven in a series: "Cases for Snyder Hemovac" Snyder Hemovac® in Neck Surgery 
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The Snyder Hemovac is an appropriate conclusion to radical 
neck surgery. It applies gentle, negative pressure to the wound 
and effectively retards the collection of serosanguineous fluid 
beneath skin flaps and soft tissue, thereby encouraging pri- 
mary approximation. Its use also eliminates the need for bulky 
pressure dressings which are not only uncomfortable for the 
patient, but tend to inhibit vital respiratory and vascular chan- 
nels in the neck.’ Flap edema is lessened, too. 

The Snyder Hemovac is a ready-to-use, compact, and port- 
able suction system available in sterile kits from your Zimmer 
distributor. 


‘von Leden, H., Recent Experience with Closed Wound Suction in 
Surgery of the Head and Neck, THE LARYNGOSCOPE, Vol. LXXII, No. 
6, pp. 708-712, June 1962. 
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Suprapubic Urinary Evacuation 
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Snyder Urevac™ 


This closed, sterile system, complete with negative pressure 
evacuator, has many advantages over gravity drainage of the 
bladder. Suction obvietes the problem of maintaining a syphon 
and enables more complete bladder emptying. Repeated 
catheterization is eliminated, which aids patient comfort and 
reduces the likelihood of retrograde infection as well as the 
possibility of traumatic urethritis sometimes caused by cath- 
eters. 

The bladder is distended with sterile saline. The abdomen 
is prepped and a trocar is inserted suprapubically into the 
bladder. Small perforated tubing is fed into the bladder through 
the trocar, which is then discarded. The tubing is attached to 
larger tubing via a three-way stopcock with a sealed port for 
inserting a syringe to withdraw specimens or to introduce an 
antibiotic directly into the bladder—while the system remains 
closed to environmental contaminants. The larger tubing is con- 
nected to a Snyder Hemovac® which provides constant, gentle 
suction. 

All components are available in a sterile disposable kit ready 
for immediate use. 
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you can 
afford 
to throw 
this 
one away... 





it is the Weck 
Disposable Electrosurgery Pencil 
and Cord with electrode ball 
or attached blade 


See your Weck electrosurgery catalog 
or contact us for further information, 


. This easy to handle, balanced pencil has a recessed (uui) 
(ty tip and is available with ball or disposable blade attached. 

Designed to pass all tests, it is also color coded a soft WECK 
en and has a supple cord attached to it. Adapter plugs are EDWARD WECK & COMPANY, INC 
;clavable and available to fit all popular makes of equipment. 49-33 31st Place Long Island City, New York 111( 


when viscid mucus threatens your pre- or postoperative patient... 


he deserves more than saline. 
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MUCOMYST 


ACETYLCYSTEINE 


ecisively surpasses saline 
in liquefying thickened mucus 


e Mucomyst has sharply reduced the incidence of postoperative 
atelectasis^ and other pulmonary complications including pneumonia."?^ 











e Helps maintain open airways dur- 
ing anesthesia...helps overcome 
difficulties in tracheostomy care... 
facilitates aspiration of the tracheo- 
bronchial tree.?* 


e Collapses ropy mucoprotein by 
chemically breaking the disulfide 
linkages without formation of poten- 
tially sensitizing polypeptides. 

e Acts without irritating mucous 
membranes...mucolytic action is safe, 
rapid and persisting. 

@ Mucomyst liquefies and loosens 


both purulent and nonpurulent secre- 
tions effectively. 





Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 
sema, chronic bronchitis, asthma, and bronchiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and tracheobron- 
chitis); tracheostomy care; facilitation of bronchial studies; maintenance of an open airway during anesthesia; and to help control 
pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated in those patients who are sensitive 
to it. Warnings: After proper administration of acetylcysteine, an increased volume of liquefied bronchial secretions may occur. 
When cough is inadequate, the open airway must be maintained by mechanical suction if necessary. When there is a large mechan- 
ical block due to foreign body or local accumulation, the airway should be cleared by endotracheal aspiration, with or without 
bronchoscopy. Asthmatics under treatment with Mucomyst should be watched carefully. If bronchospasm progresses, this medica- 
tion should be immediately discontinued. Adverse Effects: Acverse effects have included stomatitis, nausea and rhinorrhea. Sensi- 
tivity and sensitization to Mucomyst have been reported very rarely. A few susceptible patients, particularly asthmatics (see 
Warnings), may experience varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. Most 
patients with bronchospasm are quickly relieved by the use of a bronchodilator given by nebulization. Administration & Dosage: 
Mucomyst may be administered by nebulization into a tent, Croupette, face mask, or mouthpiece, or by direct instillation. Mucomyst 
should not be placed directly into the chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and 
compatibility are included in the package insert. Additional information may be obtained from Mead 
Johnson Laboratories. Supplied: Mucomyst®-10 (acetylcysteine) a sterile 10% solution in vials of 10 ml. 
and 30 ml.; Mucomyst® (acetylcysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. References: 
1. Hurst, G. A., et al.: Amer. Rev. Resp. Dis. 96:962, 1967. 2. Hirsch, S. R., et al.. Amer. Rev. Resp. Dis. 
94:784, 1966. 3. Hirsch, S. R., and Kory, R. C.: J. Allerg. 39:265, 1967. 4. Thomas, P. A., et a/.: Amer. Surg. 
Lets IE 5. Webb, W. R., and Degerli, |. U.: Clin. Med. 71:1531, 1964. 6. Webb, W. R.: Postgrad. Med. 
:449, 4, 
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The American Academy of 
Pediatrics Committee on 


Nutrition’ prefers Vitamin K, 


to the analogues 


"Vitamin K, and commonlyemployed synthetic 
- vitamin K analogues . . . are all probably safe 

_and effective when administered to the infant 
in proper dosage for the prophylaxis and treat- 
ment of hypoprothrombinemia and spontane- 
ous hemorrhage of premature and full-term 
infants. However, the margin of safety is al- 
most certainly greatest with vitamin K, (phy- 
- tonadione) and vitamin K, is therefore con- 
_ sidered the drug of choice... ." 


For additional prescribing information, please see facing page. 





in hemorrhagic disease of the newborn 


AquaMEPHYTON 


(PHYTONADIONE | MSD) 


Aqueous Colloidal Solution of Vitamin Kı 
INJECTION, 2 mg or 10 mg per cc 


VITAMIN K,—IDENTICAL WITH THE VITAMIN OCCURRING 
IN FOOD 


In the prevention and treatment of hemorrhagic 
disease of the newborn, AquaMEPHYTON offers. 


e specificity —AquaMEPHYTON is a specific correc- 
tive of the most common cause of hemorrhage in- 
the newborn—prothrombin deficiency? 3 
e greater margin of safety—kernicterus has not beer 
observed after prophylactic or therapeutic doses of 
AquaMEPHYTON, although it has occurred, under 
certain conditions, with the analogues 










1. Pediatrics 28:501-507, Sept. 1961. 
2. Quick, A. J.: Hemorrhagic Diseases 
and Thrombosis, 2nd ed., Philadelphia, 
Lea & Febiger, 1966, p. 110. 


Warnings: In anticoagulant-induced 
hypoprothrombinemia, overzealous 
therapy may restore conditions which 
originally permitted thromboembolic 
phenomena; keep dosage as low as pos- 
sible and check prothrombin time reg- 
ularly. Phytonadione will not counteract 
the anticoagulant action of heparin. 
Precautions: Avoid rapid intravenous 
injection; intravenous administration, 
when warranted, must not exceed a 
rate of 5 mg per minute. ; 
Temporary resistance to prothrombin- 
depressing anticoagulants may result, 
especially when larger doses of phyto- 
nadione are used; when reinstituting 
anticoagulant therapy after relatively 
large doses of phytonadione, it may be 
necessary to use somewhat larger 
doses of the prothrombin-depressing 
anticoagulant, or to use one which 
acts on a different principle, such as 
heparin sodium. : 
The aqueous colloidal solution for injec- 
tion should not be diluted with other 
than the recommended diluents. When 
dilutions are indicated, administer im- 
mediately after mixture with diluent, 
and discard unused portions of the dilu- 
tion as well as unused contents of the 
ampul. Store in a dark place and pro- 
tect from light at all times, even after 
dilution. 

Adverse Reactions: Rarely, severe re- 
actions, including shock, have occurred 
with rapid intravenous administration. 
Transient "flushing sensations" and 
"peculiar" sensations of taste have 
been observed, as well as rare instances 
of dizziness, rapid and weak pulse, pro- 
fuse sweating, brief hypotension, dysp- 
nea, and cyanosis. Occasionally, pain, 
swelling, and tenderness at the injec- 
tion site may occur. The possibility of 
allergic sensitivity, inclu ing an ana- 
Beetle reaction, should be kept in 
mind. 

Hyperbilirubinemia has been observed 
rarely in the newborn following admin- 
istration of phytonadione in a dose of 
25 mg. However, at the usual prophy- 
lactic dose of 1 mg, this has not oc- 
curred. Kernicterus has not been re- 
ported following administration of the 
aqueous colloidal solution at any thera- 
peutic dose level. 

How Supplied: Injection AquaMEPHY- 
TON (Phytonadione, MSD)—yellow, 
sterile, aqueous, colloidal solution 
Apa in each cc: phytonadione 
(vitamin Ki), 2 mg or 10 mg; 70 mg 
polyoxyethylated fatty acid derivative, 
37.5 mg dextrose, and 0.9% benzyl 
alcohol. In 0.5-cc ampuls containing 
1 mg of vitamin K,, and in 1.0-cc am- 
puls, 2.5- and 5.0-cc multiple-dose vials, 
containing 10 mg of vitamin K; per cc. 


For more detailed information, consult your MSD 
representative or see the Direction Circular. Merck 
Sharp & Dohme, Dívision of Merck & Co., Inc., 
West Point, Pa. 19486 , 


MMS D MERCK SHARP & DOHME 


ARTERIAL 
SURGERY 


By H. H. G. Eastcott, M.D., F.R.C.S. 








This handsomely-illustrated work offers an ex- 
ceptionally complete clinical, pathological and 
therapeutic presentation of the entire range 
of arterial disorders. The causes of arterial 
diseases and injuries are fully described, to- 
gether with precise surgical procedures. The 
entire clinical picture for each disorder is dis- 
cussed, and an abundance of case reports is 


included. 


“Only a surgeon with a breadth and depth of 
experience could present the subject so 
thoroughly and authoritatively. . . . This is 
an outstanding volume which can be highly 
recommended and without reservation to medi- 
cal students, residents, general surgeons, and, 
in this reviewer's opinion, to experienced vas- 
cular surgeons."—Surgery, Gynecology and 
Obstetrics. 


412 Pages 652 Illustrations 1969 $22.00 


J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


Arterial Surgery 


[] Payment Enclosed [] Bill me AS3/72 
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Microbicidal power 
of BETADINE Surgical Scrub was 
used in Apollo 11/12 Splashdowns 






Golden microbicidal lather for 
optimal degerming of skin 


Selected by NASA for decontamination procedures in Apollo 11/12 Splashdowns, BETADINE 
Surgical Scrub offers outstanding advantages for degerming the hands of the surgical team. 


Some scrubs are merely bacteriostatic. BETADINE Surgical Scrub is decisively microbicidal. 


Some scrubs inhibit mainly gram-positive bacteria. BETADINE Surgical Scrub kills both gram-positive 
and gram-negative bacteria. 


Some scrubs have a limited antibacterial action. BETADINE Surgical Scrub kills bacteria, fungi, 
viruses, protozoa, and yeasts, 


` Some scrubs require repeated usage for several days before achieving their full antibacterial effect. 
BETADINE Surgical Scrub is fully effective with each application. 


Use BETADINE Surgical Scrub for prompt, effective degerming action for operating personnel. 
BETADINE Surgical Scrub is virtually nonirritating. In the rare instance of local irritation or sensitivity, 
discontinue use in the individual. BETADINE Surgical Scrub does not stain the skin and natural 

fabrics. Bibliography available on request. 


Purdue Frederick 


Librium 
Chlordiazepoxide HCI) 


It helped prepare 50 highly anxious patients 
for cardiac surgery. 





Cardiac surgery afforded an excel- 
ent test of Librium (chlordiazepoxide 
HCl) as preoperative antianxiety 
nedication to help patients enter sur- 
zery with greater calmness and with- 
out evidence of cardiovascular or 
respiratory depression. 

In a recent double-blind study,* 50 
anxious patients were given a 10-mg 
capsule of Librium and 50 patients re- 
ceived a placebo on a t.i.d. schedule, 
one day preoperatively and on the 
day of cardiac surgery. All patients 
were given 100 mg of Librium or pla- 
cebo, plus 0.4 mg scopolamine, I.M., 
60 to 90 minutes before operation. 

Clinical and psychologic tests 
showed that the Librium-treated 
group entered the operating room 
significantly lower in manifest anx- 
iety than the placebo group, with no 
evidence of respiratory depression, 
hypertension, hypotension, nausea 
or emesis. 

In general use, the most common 
side effects reported have been 
drowsiness, ataxia and con- 

fusion, particularly in the elderly 

and debilitated. Librium 

is available as 5-mg 
and 10-mg capsules, 
and 100-mg ampuls 
for reduction of 
preoperative 

* anxiety. On days 
wy’ preceding surgery 
the recommended 
dose is 5to10 mg p.o., 
t.i.d. or q.1.d.; if used as 
preoperative medication, 
50 to 100 mg I.M. one 
hour prior to surgery. 


"Gibbs, L.; Svigals, R. E., and Riklan, M.: 
Anesth. Analg., 50:17, 1971. 

(A copy of this study is available on 
request from your Roche 
representative .) 









Before prescribing, please consult complete product infor- 
mation, a summary of which follows: 


Indications: Indicated when anxiety, tension and appre- 
hension are significant components of the clinical profile. 


Contraindications: Patients with known hypersensitivity 
to the drug. 


Warnings: Caution patients about possible combined 
effects with alcohol and other CNS depressants. As with 
all CNS-acting drugs, caution patients against hazardous 
occupations requiring complete mental alertness (e.g., 
operating machinery, driving). Though physical and 
psychological dependence have rarely been reported on 
recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase 
dosage; withdrawal symptoms (including convulsions), 
following discontinuation of the drug and similar to those 
seen with barbiturates, have been reported. Use of any 
drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against 
its possible hazards. 


Precautions: ORAL: In the elderly and debilitated and in 
children over six, limit to smallest effective dosage (ini- 
tially 10 mg or less per day) to preclude ataxia or overseda- 
tion, increasing gradually as needed and tolerated. Not 
recommended in children under six. 

INJECTABLE: Keep patients under observation, preferably 
in bed, up to three hours after initial injection; forbid 
ambulatory patients to operate vehicle following injection; 
do not administer to patients in shock or comatose states; 
use reduced dosage (usually 25 to 50 mg) for the elderly or 
debilitated and for children age twelve or older. 

ORAL AND INJECTABLE: Though generally not recom- 
mended, if combination therapy with other psychotropics 
seems indicated, carefully consider individual pharma- 
cologic effects, particularly in use of potentiating com- 
pounds such as MAO inhibitors and phenothiazines. 
Observe usual precautions in presence of impaired renal 
or hepatic function. Paradoxical reactions (e.g., excitement, 
stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ 
usual precautions in treatment of anxiety states with 
evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. 
Variable effects on blood coagulation have been reported 
very rarely in patients receiving the drug and oral anti- 
coagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may 
occur, especially in the elderly and debilitated. These 

are reversible in most instances by proper dosage adjust- 
ment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been 
reported. Also encountered are isolated instances of skin 
eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased 
and decreased libido—all infrequent and generally con- 
trolled with dosage reduction; changes in EEG patterns 
(low-voltage fast activity) may appear during and after 
treatment; blood dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been reported 
occasionally, making periodic blood counts and liver 
function tests advisable during protracted therapy. 

With the injectable form, isolated instances of hypoten- 
sion, tachycardia and blurred vision have been reported; 
also hypotension associated with spinal anesthesia, and 
pain following I.M. injection. 

Supplied: Librium capsules containing 5 mg, 10 mg or 

25 mg chlordiazepoxide HCI; 5-ml ampuls containing 

100 mg chlordiazepoxide HCI; Libritabs* tablets con- 
taining 5 mg, 10 mg or 25 mg chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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ATLAS of 
GASTROINTESTINAL 
SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
fessor of Surgery, and Director 
of Institute of Gastroenterology, 
Tokyo Women's Medical College 


















Here is an atlas of exceptional surgical merit 
and surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid, step-by-step fashion the surgical methods 
that have won him international acclaim. 











The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
his atlas is devoted to surgery of this type. |t 
includes a description, in minute detail, of Dr. 
Nakayama's reconstruction of the cervical esoph- 
agus using a revascularized segment of the 
bowel. In the remaining two-thirds of the 
atlas you'll find operations on the rest of the 
gastrointestinal tract plus the gall bladder, bile 
duct, liver, pancreas, and spleen. 










Surgical indications, pre- and postoperative care, 
and complications are described along with the 
surgical techniques. A beautiful section of the 
atlas contains large photographs of, and in- 
structions for the use of, Dr. Nakayama's in- 
struments for small vessel anastomosis. 








649 Pages 1500 Illustrations 1969 $42.00 








J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 










Please send me: 
Atlas of Gastrointestinal Surgery. ..... 
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Macrodantin 


(nitrofurantoin macrocrystals| 


Capsules 


INDICATIONS: Indicated for the treatment of 
pyelonephritis, pyelitis and cystitis due to E. coli, 
enterococci, Staph. aureus, some strains of Klebsiella- 
Aerobacter and Proteus, or a small percentage of 
strains of Pseudomonas, when demonstrated to be 
susceptible by in vitro susceptibility testing. Not indicated 
for the treatment of renal cortical or perinephric 
abscesses, systemic infections, prostatitis, or in any 
geritourinary tract infections other than pyelonephritis, 
pyelitis or cystitis. 

CONTRAINDICATIONS: Anuria, oliguria, or extensive 
impairment of renal function; infants under one month, 
pre3nant patients at term; known hypersensitivity. 
WARNINGS: May cause hemolytic anemia of the 
primaquine sensitivity type, apparently linked to a glucose- 
6-phosphate dehydrogenase deficiency (found in 10% 
of Negroes and ina small percentage of ethnic groups of 
Mediterranean and Near-Eastern origin. Such patients 
should be closely observed while receiving 
nitrofurantoin). Discontinue the drug at any sign of 
hemolysis. Hemolysis ceases on withdrawal. 
Superinfections (limited to the genitourinary tract) may 
occur, most commonly due to Pseudomonas. Safety not 
established during pregnancy and lactation; should not 
be used in women of childbearing potential unless the 
expected benefits outweigh the possible hazards. 
PRECAUTIONS: Peripheral neuropathy may occur. A 
fatality has been reported. Predisposing conditions such 
as renal impairment, anemia, diabetes, electrolyte 
imbalance, vitamin B deficiency and debilitating disease 
may enhance such occurrence. 

ADVERSE REACTIONS: Nausea, emesis and diarrhea 
may occur; reduction in dosage may alleviate these 
symptoms. Sensitization appearing as cutaneous 
eruptions or pruritus has occurred. Hypersensitivity 
reactions resulting in nonfatal anaphylaxis, angioedema, 
pulmonary infiltration with pleural effusion and 
eosinophilia have been reported. Other possible 
reactions are chills, fever, jaundice, asthmatic symptoms 
and hypotension. Occasionally headache, dizziness, 
nystagmus, vertigo, drowsiness, malaise and muscular 
aches have occurred. Transient alopecia has been 
reported. Leukopenia, including granulocytopenia, has 
been reported rarely. The blood picture has returned 

to normal following cessation of therapy. 

Lbs Hr li L11LÉ o Se eg en nIÍQ|Íba AIL.L.,.s;UAXn LL ALLLLLAILIIZSLL£2l5] 
SUPPLIED: Macrodantin (nitrofurantoin macrocrystals) is 
availcble in opaque, yellow, imprinted (009) capsules 

of 100 mg and opaque, yellow and white, imprinted (008) 
capsules of 50 mg in bottles of 30, 100, 500 and 1000 
capsules; and opaque, white, imprinted (007) capsules of 
25 mg in bortles of 100 capsules. Macrodantin Capsules, 
50 mg and 100 mg, are also available in hospital unit 
dose packages, strip-packaged in boxes of 100. 


@Originators and Developers of The Nitrofurans 
EATON LABORATORIES 
Division of The Norwich Pharmocal Compony 
NORWICH, NEW YORK 13815 





ts renot @ 


er E.colig: 


only the E. coli in her 
urinary tract 





Keeps your treatment where the Avoids troubles of overtreatment 
trouble is... 
€ High urinary and presumably renal medul- € Does not suppress normal bacterial flora in 


lary levels the bowel, mouth or vaginat 

€ Consistently active against most bacterial € Does not foster resistant flora in the bowel 
uropathogens which may cycle reinfection 

@ After years of wide clinical use, still only lim- @Lets you reserve systemic agents for systemic 
ited resistance development infections 


Basic in cystitis, pyelitis, pyelonephritis 
The one-tract action of 


Due to susceptible organisms. See prescribing information on facing page. tAs with other antimicrobials, superiniections ma 
occur, but with Macrodantin these are limited to the urinary tract. Pseudomonas is the organism most commonly implicated 
1. KUNIN C: Infect Dis 1(5)-10, 1971 





& A may be a common surgical procedure, 

but it is not necessarily a minor procedure 
for the anesthesiologist. And, certainly, spinal 
fusion to correct scoliosis is a long and often com- 
plicated procedure for both surgeon and anes- 
thesiologist. 

From a T & A to the complexity of spinal 
fusion, FLUOTHANE (halothane) anesthesia offers 
important characteristics which are adaptable to 


the needs of many surgical procedures. For ex- 


from T&A... 





ample, in T & A and other ENT surgery, the 
ease with which the plane of anesthesia is deep- 
ened or lightened may be of special significance 
because of the small body size of the pediatric 
patient. And, in prolonged surgery such as spinal 
fusion, there is minimal cardiorespiratory de 
pression with FLUOTHANE—an Important anes: 
thetic requirement. 

From T & A to spinal fusion, FLUOTHANE 
is the most widely used inhalant anesthetic... 


to spinal fusion 


with good reason. 


p nonflammable, nonexplosive 

o permits use of high concentrations of oxygen 
n allows free use of cautery for more adequate 
control of bleeding 


ri minimal odor facilitates smooth, rapid induc- 
tion without engendering patient distress 

o early obtundation of pharyngeal and laryngeal 
reflexes facilitates intubation—effects which 
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persist throughout light planes of maintenance 
n nonirritating to air passages—does not provoke 
laryngospasm, retching, coughing 

D lessens airway problems 

o permits rapid changes in depth of anesthesia 

o emergence is rapid and tranquil with quick 
recovery of protective reflexes 

O minimal nausea and vomiting—fewer postop- 
erative complications—shorter recovery room stay 


FLUOTHANE 


brandof HALOTHANE 





the most widely used inhalant anesthetic 


from 


„for precision, experience, and quality. 


(See last page of advertisement for Brief Sum mary.) 
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BRIEF SUMMARY 

(For full prescribing information, 

see package circular.) 

FLUOTHANE? (HALOTHANE) 
FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in 
to 50 per cent (v/v) are 
not explosive. FLUOTHANE does not de- 


propor- 
tions from 0.5 


compose in contact with warm soda 
lime. When moisture is present, the 
vapor attacks aluminum, brass, and 
lead, but not copper. FLUOTHANE is solu- 
ble in rubber, some plastics, and similar 
materials; such materials will deterior- 
ate rapidly in contact with FLUOTHANE 
vapor or liquid. Stability of FLUOTHANE 
is maintained by the addition of 0.01 
per cent thymol (w/w), and storage is in 
amber colored bottles. 

FLUOTHANE should not be kept in- 
definitely in vaporizing bottles not spe- 
cifically designed for its use. It is recom- 
mended that vaporizers be emptied at the 
end of each aperating day. Thymol does 


not volatilize along with FLUOTHANE, and 





therefore accumulates in the vaporizer, 
and may, in time, impart a yellow color 
to the remaining liquid or to wicks in 
vaporizers. The development of such dis- 
coloration may be used as an indicator 
that the vaporizer should be drained and 
cleaned, and the discolored FLUOTHANE 
discarded. Accumulation of thymol may 
be removed by washing with diethyl 
ether. After cleaning a wick or vapor- 
izer, make certain all the diethyl ether 
has been removed before reusing the 
equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 
altered. FLUOTHANE progres- 


rapidly 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE 
is not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 


FLUOTHANE (halothane) reduces the 
blood pressure, and frequently decreases 
the pulse rate. The greater the concen- 
tration of the drug, the more evident 
these changes become. Atropine may re- 
verse the bradycardia. FLUOTHANE does 
not cause the release of catecholamines 
from adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeletal muscles, Cardiac arrhyth- 
mias may occur during FLUOTHANE anes- 
thesia. These include nodal rhythm, AV 
dissociation, ventricular extra systoles 
and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the ac 
tion of epinephrine and norepine- 
phrine, and the combination may cause 
scrious cardiac arrhythmias. FLUOTHANE 
increases cerebral spinal fluid pressure. 
FLUOTHANE produces moderate muscu- 
Muscle 


used as adjuncts in order to maintain 


lar relaxation. relaxants are 
lighter levels of anesthesia. FLUOTHANE 
augments the action of nondepolarizing 
blocking 
agents. FLUOTHANE is a potent uterine 


relaxants and ganglionic 
relaxant. 

Indications. FLUOTHANE is indicated for 
the induction and maintenance of anes- 
thesia. 
Contraindications. FLuornane should 
be avoided when a previous ex posure 
was followed by fever and jaundice, or 
when there was an unexplained postop- 
erative fever. FLUOTHANE (halothane) 
is not recommended for obstetrical an- 
esthesia except when uterine relaxation 
is required. 

ien FLUOTHANE should be used 
in vaporizers that permit a reasonable 
Abi eae of output, and prefer- 
ably of the calibrated type. The vapori- 
zer should be placed out of circuit in 
closed circuit. rebreathing systems; 
otherwise overdosage is difficult to avoid. 
The patient should be closely observed 
for signs of overdosage, t.e., depression 
of blood pressure, pulse rate, and venti- 
lation, particularly during assisted or 
controlled ventilation. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, 
unless, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnor- 
malities involving liver dysfunction, in- 
cluding a history of viral hepatitis, may 
be a basis for selecting an anesthetic 
other than a halogenated agent. 


The uterine relaxation obtained with 


FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, 
if FLUOTHANE is indicated, administra- 
tion should be preceded by measures 
ordinarily used to reduce cerebrospinal 
fluid pressure. Ventilation should be 
carefully assessed, and it may be nec- 
essary to assist or control ventilation to 
insure adequate oxygenation and car- 
bon dioxide removal. 

Epinephrine or norepinephrine 
should be employed cautiously, if at all, 
during FLUOTHANE (halothane) anes- 
thesia since their simultaneous use may 
induce ventricular tachycardia or fibril- 
lation. 

Nondepolarizing relaxants and gan- 
glionic blocking agents should be ad- 
ministered cautiously, since their actions 
are augmented by FLUOTHANE. 
Adverse Reactions. The following ad- 
verse reactions. have been reported: 
hepatic necrosis, 


cardiac arrest, hypo- 
respiratory arrest, cardiac ar- 
hyperpyrexia, 
nausea, and emesis. 


tension, 


rhythmias, shivering, 





Dosage and Administration. FLUOTI ANE 
may be administered by the nonre- 
breathing technic, partial rebreathing, 
or closed technic. The induction dose 
varies from patient to patient. The 
maintenance dose varies from 0.5 per 
cent to 1.5 per cent. 

How Supplied. No. 3125—Unit pack- 
ages of 125 cc. and 250 cc. of halothane 
stabilized with 0.01% thymol (w/w). 


FLUOTHANE 


(HALOTHANE) 
the most widely used 


inhalant anesthetic... 
from 

SENSOR NM RE 
for precision,experience, 
and quality. 


FLUOTHANE® (HALOTHANE! IS AVAILABLE IN THE UNITED STATES BY ARRANGEMENT WITH IMPERIAL CHEMICAL INDUSTRIES, LTD. 7202 


an antacid 
in good taste 


ith cai to other leading ethical antcids 


in cri i U VAr tests. They neutralize more acid, act 
faster, and last longer. Non-constipating, Camalox 


Tablets are designed for long-term therapy and for 


Ca 


VANILLA- MINT 


*PATENT PENDING 


quick relief during peak distress periods of hyper- 
acidity. 


Taste Camalox Tablets—a flavorful way to deliver a 
high level of antacid activity. 


COMPOSITION: Balanced formulation of magnesium and aluminum 
hydroxides with c 


INDICATIONS: As an ‘ade in the treatment and management of 
peptic ulcer, gastritis, gastric hyperacidity, hiatal hernia, peptic 
esophagitis, heartburn, indigestion and upset stomach. 


WARNING: Camalox should not be used in patients who are severely 
debilitated or suffering from kidney failure. 


SUPPLIED: Camalox Tablets—bottles of 50 tablets and boxes of 100 
tablets (in foil strips). 


Camalox Suspension white liqu id in 16 oz. (pint) bottle. 
B 7) » 


| TABLETS 
for the acute distress of hyperacidity 


WILLIAM H. RORER, INC. Fort Washington, Pa. 19034 





(dioctyl sodium sulfosuccinate and sodium carboxymethylcellulose plus casanthranol) 


Dialose Plus has no pits.. 








Andnopitfalls,either,inthe management And Dialose Plus softens and lubricates, 











of the constipated surgical patient. too...for easier, less painful 
Because Dialose Plus is more consis- defecation. 
tently reliable than the old-fash- Also available: Dialose* (dioctyl sodium 
ioned constipation remedy. sulfosuccinate and sodium car- 
To lessen the strain of constipation, boxymethylcellulose) —for ef- 
it provides the effective yet fective stool softening and 
gentle peristalsis stimulation of lubrication, when peristalsis 
casanthranol. stimulation is not required. 


STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 





KENDA 


provides the finest, 

most advanced 

systems to serve patients 
safely, efficiently and 
economically. 


Kendall 

sets the pace 

in Research 

for new 

and better 
Operating Room 
and Patient Care 








reduce Urinary 
Tract infection with 


CURITY Closed 
Collection Systems 


KENDALL 





Sets the Pace in 
Systems Innovations 





Catheterization increases the risk 
of urinary tract infection to an 
alarming degree. With one of the 
Curity Catheterization Systems, 
you can stop external bacteria be- 
fore they have an opportunity to 
get into the urinary tract. 


As an example, the Curity Urine 
Meter is a completely closed sys- 
tem from the tip of the catheter 
to the bottom drain. The Urine 
Meter has a device, connected to 
a bedside drainage bag, which ac- 
curately measures urine output. In 
cases where an hourly reading is 
important, it is a simple matter to 
note the volume (to 200 cc) and 
transfer the urine into the cali- 
brated collection bag by raising 
the Urine Meter. Should the urine 
accumulate to over 200 cc, it au- 
tomatically overflows into the bed- 
side bag. The closed system design 
helps prevent bacteria from 
entering the system. 


Your Kendall salesman can do 
a comprehensive survey of your 
hospital and design a Curity Sys- 
tem tailored to your urological re- 
quirements. He will consider Foley 
trays, straight Urethral Trays, Foley 
Catheters, Drainage Sets, Urine 
Meters and the rest of the Curity 
line of Urological Products. Then 
he'll recommend the systems and 
products needed to serve your pa- 
tients most economically. He can 
also arrange a showing of the 
Curity Urological In-Service Pro- 
gram. Let your Kendall salesman 
show you how many ways he can 
help you help your patients. 


Thromboembolism, 


the unpredictable killer, 


T.E.D? Stockings. a 
proven prophylaxis 


KENDALL 





Sets the Pace in 
Patient Protection 





T.E.D. anti-embolism stockings are 
designed to help prevent thrombus 
formation in the leg of the active 
adult suddenly confined to a hos- 
pital bed.! The compression these 
stockings exert on the legs has 
been shown to be effective in in- 
creasing the venous velocity in the 
legs? and reducing by about half 
the expected incidence of fatal 
pulmonary embolism in a series of 
5,467 medical, surgical and 
obstetric patients.? 


T.E.D. Stockings provide encir- 
cling graduated compression in 
either knee or thigh length stock- 
ings. The construction and fea- 
tures in both the cotton and nylon 
styles are superior to any other 
anti-embolism stocking available. 
Let your Kendall salesman show 
you the differences and how you 
can immediately fit most patients 
with one of the available sizes. He 
also has reprints of articles on pul- 
monary embolism and an In- 
Service program that shows the 
how and why of T.E.D. 


REFERENCES: 


1. Wilkins, R. W., Mixter, G., Stanton, J. R., 
and Litter, J.: Elastic Stockings in the Preven- 
tion of Pulmonary Embolism: A Preliminary 
Report, New Eng. J. Med. 246: 360-364 
(March 6) 1952. 


2. Goldsmith, H. S.: Thromboembolic Disease: 
Emphasis on Prevention, Med. Times 96: 774- 
786 (August) 1968. 


3. Wilkins, R. W. and Stanton, J. R.: Elastic 
Stockings in the Prevention of Pulmonary 
Embolism: II. A Progress Report, New Eng. J. 
Med. 248: 1087-1090 (June 25) 1953. 


CAUTION: Federal law restricts this device 
to sale by or use on the order of a physician. 


CONTRAINDICATIONS: In patients with 
open ulcers, severe arteriosclerosis and other 
ischemic vascular diseases, and massive leg 
edema with imminent pulmonary edema from 
congestive heart disease. Any signs of irrita- 
tion or redness of the skin should be care- 
fully noted. 





CURITY* 
Thermol 


Packs 


simplify preparation and assure 
sterile application of hot moist dress- 
ings. No longer is it necessary to 
work with drippy sponges, to heat 
bottles of sterile water to uncertain 
temperatures, or to end up changing 
wet bed linens. Now all that's nec- 
essary is either Curity sterile water 
or sterile saline packs and the heat 
lamp. Just think, pre-measured 
moisture, correct temperature in 5 
minutes and nothing to return to 
Central Supply. This is one system 
that really saves time and preserves 
sterile technique. Your patients will 
love it (and you). Ask your Kendall 
salesman for a demonstration. 
















sets the 
pace in Wound 
therapy. 





CURITY: 
Sterile |O's 
Trays 


are something special. You have seen 
other pre-packed trays of 10 sponges, 
but our trays are better. Why? To 
start with, we have a Tyvek* cover; 
it's water repellent and puncture 
resistant, with the widest sterile seal 
area available. That’s so you can be 
certain the sponges are sterile upon 
entry to the OR. Second, the peel 
back cover's extra-long opening tab 
is separated from the tray tab and 
both are far from the sterile seal, 
Third, there’s a long apron that ex- 
tends over the fingers holding the 
tray. Bacteria are stopped again. 
These Curity trays come with your 
choice of all gauze or the X-ray 
detectable elements, Tripaque and 
Radiopaque. Have your Kendall man 
show you all three types. You'll see 
the difference. 


*Registered trademark of DuPont. 








KERLIX 
Fluffs 


make ordinary sponges obsolete 
when softness and absorbency are 
of prime importance. These sponges 
are far from ordinary. They’re made 
of the finest washed gauze, with a 
permanent wave, and then folded 
until the center is a fluff of the soft- 
est, lintless sponge imaginable. 
Thirstier too, because Kerlix trans- 
fers more than plain gauze. Try them 
the next time you need a sponge that 
won't irritate a wound. We think 
your patients deserve the best in 
tender, loving care. Kerlix Fluffs 
will help you give it to them. Your 
Kendall salesman will be happy to 
give you samples, ask him. 


KENDALL 


HOSPITAL PRODUCTS DIVISION 
CHICAGO ILLINOIS 60606 « PRINTED IN US å 





Of course not. That's why FLEET? ENEMA is used so 
often on the third postoperative day. It virtually as: 
sures evacuation without pain or discomfort. 

FLEET ENEMA cleanses the left colon and rectum 
in minutes (five at the most), inducing a physio- 
logical pattern of evacuation that spares bedridden 
patients the cramping of oral laxatives, the burning 
of suppositories, and the irritation of soapsuds ene- 
mas. 

And FLEET ENEMA is completely, but completely, 
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A.. n FudTOr ERATIVE PATIE.. T 
FIND HAPPINESS WITH BOWEL STASIS? 





disposable: there's nothing to fill, nothing to assem- 
ble, nothing to clean. 

FLEET ENEMA. Happiness for the postoperative pa- 
tient with bowel stasis and for his doctor. 


Warning: Frequent or prolonged use of enemas may result 
in dependence. Take only when needed or when prescribed by 
a physician. Do not use when nausea, vomiting, or abdominal 
pain is present. 

Caution: Do not administer to children under two years of age 


unless directed by a physician. 
C. B. FLEET CO., INC. Fleet; 


Lynchburg, Va. 24505 cM 


p 


v 
Ou r “There should be a law against 
four-hour procedures...and patients who are 


World 60 pounds overweight...but her vital signs 
are steady, so she should be all right 





Part of 
Your World 





before surgery 


calms rapidly; quickly readies patients for 
smooth induction of anesthesia 


gently allays anxiety to permit sound sleep 
the night before surgery 


physically compatible with most preanesthetic 
medications 


narcotic requirements are offen reduced 
up to 50 per cent 


during surgery 


seldom impairs vital signs—respiratory 
depression and hypotension are rare 


not known to aggravate or 
obscure incipient shock 


does not cause CNS cortical depression 


after surgery 


effectively controls postoperative nausea 
and vomiting 


sedative hangover is not characteristic, although 
occasional drowsiness has been reported 


oral forms available for postoperative care, 
during recovery in hospital, and at home 





Pfizer) LABORATORIES DIVISION 
PFIZER INC. NEW YORK, N Y 10017 


Please turn page for Brief Summary including adverse 
reactions, contraindications and precautions. 





Vistaril - 


HYDROXYZINE HCI 


Intramuscular Solution 


the most widely used 
parenteral calming agent 





BRIEF SUMMARY 
Contraindications: Hypersensitivity to hydroxyzine. The 
solution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 
Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit induced fetal abnormalities in 
the rat at doses substantially above the human thera- 
peutic range. Clinical data in human beings are in- 
adequate. Until adequate data are available to 
establish safety in early pregnancy, hydroxyzine is con- 
traindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION 
OF CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS 
NARCOTICS AND BARBITURATES. In conjunctive use, 
dosage for these drugs should be decreased as much 
as 50%. Because drowsiness may occur, patients should 
be cautioned against driving a car or operating dan- 
gerous machinery. The usual precautions for intramus- 
cular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has 
been used. Hydroxyzine intramuscular solution should 
be injected well within the body of a relatively large 
muscle. In adults, the preferred sites are the upper outer 
quadrant of the buttock (i.e., gluteus maximus), or the 
mid-lateral thigh. In children, preferably the mid-lateral 
muscle of the thigh. In infants and small children, the 
upper outer quadrant of the gluteal region should only 
be used when necessary, as in burn patients, in order 








to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well 
developed, such as in certain adults and older 
chilcren, and only with caution to avoid radial nerve 
injury. Injections should not be made in the lower and 
middle thirds of the upper arm. Aspiration is neces- 
sary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is 
usually transitory and may disappear in a few days of 
continued therapy or upon dosage reduction. Dryness 
of the mouth may occur with higher doses. Involuntary 
moter activity, including rare instances of tremor and 
convulsions, has been reported, usually with higher 
than recommended dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: 
Equivalent to 25 mg., 50 mg., 100 mg. hydroxyzine HCl. 
Vistaril (hydroxyzine pamoate) Oral Suspension: Equiv- 
alent to 25 mg. hydroxyzine HCI per 5 cc. teaspoonful. 
Vistaril (hydroxyzine HCl) Intramuscular Solution: 
25 mg./cc.—10 cc. vial; 50 mg./cc.—2 cc. and 10 cc. 
vial; lsoject* 25 and 50 mg. per cc., 1 cc. per unit; 100 
mg./2 cc. unit. 

Mcre detailed professional information available on 





request. 


Revised January, 1970 


Pfizer) LABORATORIES DIVISION 
PFIZER INC., NEW YORK, N Y. 10017 














Additionally Injectable Valium (diazepam) ca 


InjectableValium benefit: 


(diazepam) 








)LM. 


Injectable Valium (diazepam) is a useful 
premedicant for reducing undue anxiety. 
Recall of preoperative procedures is markedly 
diminished. When given in conjunction with 
narcotics, a reduction of narcotic dosage 
should be considered. (See prescribing infor- 
mation.) Injectable Valium should not be 
mixed with other drugs, solutions, or fluids. 
The new 10-mg disposable syringe can help 
you observe this precaution at the same time 
it helps assure aseptic handling. Injectable 
Valium seldom significantly alters vital signs. 
Nevertheless, there have been infrequent 
reports of hypotension and rare reports of 
apnea and cardiac arrest, usually following 
LV. administration. Resuscitative facilities 
should be available. 

To relieve excessive preoperative anxiety, 
remember Injectable Valium (5 mg/ml) 2-ml 
ampuls, 10-ml vials, 2-ml Tel-E-Ject'" (dispos- 
able syringes). 


diminish recall of the preoperative procedure. 


every step of the way. 


Please see the following page for a summary of product information. 


Injectable Valium diazepam) 


ready-to-use 2-ml Tel-E-Ject (disposable syringes) 
1o-ml vials ? (5 mg/ml) 


2-m ampuls 


Can ease undue preoperative tension and anxiety. 
Calming effect is usually prompt and pronounced. 
Induces satisfactory or light sleep, from which patient is easily aroused to follow instructions 
Rarely produces significant changes in vital signs. 
Markedly reduces recall of procedure. 


Before prescribing, please 
consult complete product infor- 
mation, a summary of which 
follows: 

Indications: Tension and anx- 
iety states; somatic complaints 
which are concomitants of emo- 
tional factors; psychoneurotic 
states manifested by tension, 
anxiety, apprehension, fatigue, 
depressive symptoms or agita- 
tion; symptomatic relief of acute 
agitation, tremor, delirium 
tremens and hallucinosis due 
to acute alcohol withdrawal; 
adjunctively in: relief of skeletal 
muscle spasm due to reflex 
spasm to local pathology; spas- 
ticity caused by upper motor 
neuron disorders; athetosis; 
stiff-man syndrome; tetanus; 
status epilepticus and severe 
recurrent seizures; anxiety 
prior to gastroscopy, esopha- 
goscopy, and surgical proce- 
dures; cardioversion (I.V.) 

Contraindicated: In infants; 
in patients with known hyper- 
sensitivity to the drug; in acute 
narrow angle glaucoma; may be 
used in patients with open angle 
glaucoma receiving appropriate 
therapy. 

Warning: Inject I.V. slowly, 
directly into vein; take at least 
one minute for each 5 mg (1 ml) 
given. Do not mix or dilute with 
other solutions or drugs. Do not 
add to I.V. fluids. Rare reports 
of apnea or cardiac arrest noted, 
usually following I.V. adminis- 
tration, especially in elderly 
or very ill and those with limited 
pulmonary reserve; duration 
is brief; resuscitative facili- 
ties should be available. Not 
recommended as sole treatment 
for psychotic or severely de- 
pressed patients. Should not 
be administered to patients in 
shock, coma, acute alcoholic 
intoxication with depression 
of vital signs. Caution against 
hazardous occupations requir- 
ing complete mental alertness. 
Advise against simultaneous 
ingestion of alcohol and other 
CNS depressants. Withdrawal 
symptoms (similar to those 
with barbiturates and alcohol) 
have occurred following abrupt 


discontinuance (convulsions, 
tremor, abdominal and muscle 


cramps, vomiting and sweating). 


Keep addiction-prone indi- 
viduals under careful surveil- 
lance because of their 
predisposition to habituation 
and dependence. In pregnancy, 


lactation, or women of childbear 


ing age, weigh potential benefit 
against possible hazard to 
mother and child. 

Precautions: If combined 
with other psychotropics or 
anticonvulsants, carefully 
consider individual pharma- 
cologic effects — particularly 
with known compounds which 
may potentiate action of 
Valium, such as phenothiazines, 
narcotics, barbiturates, MAO 
inhibitors and other anti- 
depressants. Usual precautions 
indicated in patients severely 
depressed, or with latent de- 
pression, or with suicidal tend- 
encies. Observe usual 
precautions in impaired renal 
or hepatic function. Not recom- 
mended for bronchoscopy, 
laryngoscopy, obstetrical use, 
or in diagnostic procedures 
other than gastroscopy and 
esophagoscopy. Laryngospasm 
and increased cough reflex are 
possible during gastroscopy; 
necessary countermeasures 
should be available. Hypoten- 
sion or muscular weakness pos- 
sible, particularly when used 
with narcotics, barbiturates 
or alcohol. Since effect with 
narcotics may be additive, 
appropriate reduction in nar- 
cotic dosage is possible. Use 
lower doses (2 to 5 mg) for 
elderly and debilitated. Safety 
and efficacy in children under 
12 not established. 

Side Effects: Drowsiness, 
fatigue, ataxia, confusion, 
depression, constipation, 
dysarthria, diplopia, headache, 
hypoactivity, hiccups, hypoten- 
sion, incontinence, jaundice, 
nausea, changes in libido, 
changes in salivation, phlebitis 
at injection site, urinary reten- 
tion, skin rash, syncope, slurred 
speech, urticaria, tremor, 
vertigo, blurred vision. Para- 


doxical reactions such as acute 
hyperexcited states, anxiety, 
hallucinations, increased muscle 
spasticity, insomnia, rage, sleep 
disturbances and stimulation 
have been reported; should 
these occur, use of the drug 
should be discontinued. Isolated 
reports of neutropenia, jaundice 
periodic blood counts and liver 
function tests advisable during 
long-term therapy. Minor EEG 
changes, usually low-voltage 
fast activity, of no known 
significance, 

Dosage: Usual initial adult 
dose is 2 to 10 mg I.M. or I.V., 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) 
with slow dosage increase for 
elderly or debilitated patients 
and when sedative drugs are 
added. (See Precautions and 
Adverse Reactions.) In gastros- 
copy and esophagoscopy, 5 to 
10 mg, I.M. or I.V., 30 min. prior 
to procedure. As preoperative 
medication, 10 mg, I.M., 1 to 
2 hours before surgery. In 
cardioversion, 5 to 15 mg, I.V., 
within 5 to 10 min. prior to 
procedure. Give I.V. injections 
slowly; take at least 1 minute 
for each 5 mg (1 ml). 

In acute conditions injection 
may be repeated within 1 hour, 
although interval of 3 to 4 hours 
is usually satisfactory; not more 
than 30 mg should be given 
within 8-hour period. Once acute 
symptomatology has been prop- 
erly controlled with injectable 
form, patient may be placed on 
oral form if further treatment 
is required. 

Supplied: Valium*(diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 
10 ml, boxes of 1; Tel- E-Ject'" 
(disposable syringes), 2 ml, boxes 
of 10. Each ml contains 5 mg 
diazepam, compounded with 40% 
propylene glycol, 1096 ethyl alco- 
hol, 596 sodium benzoate and 
benzoic acid as buffers, and 1.596 
benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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is being plated 





“Because of its broad gram-negative spectrum 
and its established clinical efficacy, GARAMYCIN 
Injectable may be considered an antibiotic for 


initial therapy in suspected as well as documented 
gram-negative sepsis." 
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entamicin ll sulfate 
3 injection 


alent to 40 me. gentamicin 


Each cc. contains gentamicin sulfate equiv g.g 


See Clinical Considerations section which follows... 


Consider for initial therapy because ot... 
Proven clinical effectiveness 





Respirat tions 
atory Infections 
Outstanding results in serious gram-negative 
respiratory infections! 

"It appears that gentamicin is clearly beneficial in 
many cases of life-threatening gram-negative pulmonary 
infections. . . In particular, gentamicin is often valuable in 
the treatment of pulmonary infections due to Pseudomonas 
aeruginosa."? 





* * x 
Septicemia 
May be lifesaving 6-10 
“These cases offer the greatest challenge to any 
drug, and remarkable successes were recorded by 


several observers, some of them after definite failures 
to influence the infections with other antibiotics.” 10 


*Due to susceptible organisms 
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Urinary Tract Infections 


Strikingly effective in serious gram-negative 
urinary tract infections 

"The antibacterial spectrum and pharmacology of 
gentamicin are ideally suited for the therapy of urinary 
tract infections."4 (Appropriate precautions are indicated 
in patients with impaired renal function; consult Package 
Insert for full details.) 


Wounds and Burns 


Response may be dramatic in wounds and burns 
complicated by sepsis!9,!! 

Established clinical efficacy against most Pseudomonas 
as well as most other gram-negative pathogens. 


Also effective in serious infections of the central 
nervous system (meningitis) and the gastrointestinal tract. 


ectable l.M./1.V. Dening 
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injection 


Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 


Consider for initial therapy in suspected 
as well as documented gram-negative sepsis because of: 


A wide gram-negative spectrum 


Encompasses virtually all gram-negative pathogens of clinical importance...Pseudomonas 
aeruginosa, Proteus species (indole-positive and indole negative), Escherichia coli, Klebsiella- 
Enterobacter-Serratia species. Garamycin Injectable should also be considered in staphylococcal 
infections where susceptibility testing and clinical judgment indicate its use. 


Proven clinical effectiveness 


Shown to be effective in septicemia and serious infections of the central nervous 
system (meningitis), urinary tract, respiratory tract, gastrointestinal tract, skin and soft 
tissue (including burn;). 


Prompt therapeutic serum levels 


After IM administration, peak serum concentrations occur between 30 and 90 minutes 
and effective serum levels persist for 6 to 8 hours. 


Relatively low incidence of toxicity 


The risk of toxic reactions is low in patients with normal renal function who do not 
receive GARAMYCIN Injectable at higher doses or for longer periods of time than recommended. 


Ease of administration 


Suitable for intravenous as well as intramuscular administration...virtually no pain 
on injection... preparation preconstituted and stable— requires no mixing, no refrigeration... 
simplified adult dosage guidelines. 





WARNING: Patients treated with GARAMYcIN Injectable should be under close clinical observation because of the potential 
toxicity associated with the use of this drug. 
Ototoxicity, both vestibular and auditory, can occur in patients, primarily those with preexisting renal damage, treated with 

GARAMYCIN Injectable, usually for longer periods or with higher doses than recommended. l 

GARAMYCIN Injectable is potentially nephrotoxic, and this should be kept in mind when it is used in patients with preexisting 
renal impairment. (See Package Insert for other prec autions, contraindications, etc.) 

Monitoring of renal and eighth nerve function is recommended during therapy of patients with known impairment of renal 
function. This testing is also recommended in patients with normal renal function at onset of therapy who develop evidence of 
nitrogen retention (increasing BUN, NPN, creatinine or oliguria). Es idence of ototoxicity requires dosage adjustments or 
discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and prolonged concentrations above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, particularly streptomycin, neomycin, kanamycin, cephaloridine, 
viomycin polymyxin B, and polymyxin E (colistin), should be avoided. . l 

Usage in Pregnancy: Safety for use in pregnancy has not been established. 


See Clinical Considerations section which follows.. 


Now recommended for LV use where indicated 


Injectable GARAMYCIN" I.M./I.V. 

brand of gentamicin sulfate U.S.P., injection 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 








WARNING: 
Patients treated with GARAMYCIN Injectable should be under 


close clinical observation because of the potential toxicity as- 
sociated with the use of this drug. 


Ototoxicity, both vestibular and auditory, can occur in pa- 
tients, primarily those with preexisting renal damage, treated 
with GARAMYCIN Injectable, usually for longer periods or with 
higher doses than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this 
should be kept in mind when it is used in patients with pre- 
existing renal impairment. (See Package Insert for other precau- 
tions, contraindications, etc.) 

Monitoring of renal and eighth nerve function is recom- 
mended during therapy of patients with known impairment of 
renal function. This testing is also recommended in patients 
with normal renal function at onset of therapy who develop 
evidence of nitrogen retention (increasing BUN, NPN, creati- 
nine or oliguria). Evidence of ototoxicity requires dosage ad- 
justments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible 
and prolonged concentrations above 12 mcg./ml. should be 
avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic 
drugs, particularly streptomycin, neomycin, kanamycin, ceph- 
aloridine, viomycin, polymyxin B, and polymyxin E (colistin), 
should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not 
been established. 






























Indications: GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudo- 
monas aeruginosa, Proteus. species (indole-positive and indole- 
negative), Escherichia coli and Klebsiella-Enterobacter-Serratia 
species. Clinical studies have shown GARAMYCIN Injectable to be 
effective in serious infections of the central nervous system (menin- 
gitis), septicemia, urinary tract, respiratory tract, gastrointestinal tract, 
skin and soft tissue (including burns). Bacteriologic tests to determine 
the causative organisms and their susceptibility to gentamicin should 
be performed. Bacterial resistance to gentamicin develops slowly in 
stepwise fashion; there have been no one-step mutations to high re- 
sistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN 
may be considered as initial therapy. The decision to continue ther- 
apy with this drug should be based on the results of susceptibility 
tests, the severity of the infection, and the important additional con- 
cepts contained in the "Warning Box” above. 

GARAMYCIN has been shown to be effective in serious staphy- 
lococcal infections. It may be considered in those infections when 
penicillins or other less potentially toxic drugs are contraindicated 
and bacterial susceptibility testing and clinical judgment indicate 
ifs use. 

Contraindications: A history of hypersensitivity to gentamicin is a 
contraindication to its use. 

Precautions: The concurrent use of gentamicin with potent diuretics 
such as ethacrynic acid should be avoided. Intravenous diuretics may 
cause fairly rapid rise in gentamicin serum level and potentiate neuro- 
toxicity. Neuromuscular blockage ond respiratory paralysis have 
been reported in the cat receiving high doses (40 mg./kg.) of genta- 
micin. The possibility of these phenomena occurring in man should be 
considered if gentamicin is administered to patients receiving neuro- 
muscular blocking agents such as succinylcholine and tubocurarine. 
Treatment with gentamicin may result in overgrowth of nonsusceptible 
organisms. If this occurs, appropriate therapy is indicated. 

Adverse Reactions: Nephrotoxicity: Adverse renal effects, as 
demonstrated by rising BUN, NPN, serum creatinine and oliguria, 
have been reported. They occur more frequently in patients with a 
history of renal impairment treated with larger than recommended 
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tory branches of the eighth nerve have been reported in patients on 
high dosage and/or prolonged therapy. Symptoms include dizziness, 
vertigo, tinnitus, roaring in the ears and hearing loss. Numbness, skin 
tingling, muscle twitching, and convulsions have also been reported. 
Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses 
or tor longer periods of time than recommended. 

Other reported adverse reactions, possibly related to gentamicin, 
include increased serum transaminase (SGOT, SGPT), increased se- 
rum bilirubin, transient hepatomegaly, decreased serum calcium: 
splenomecaly, anemia, increased and decreased reticulocyte counts, 
granulocytopenia, thrombocytopenia, purpura; fever, rash, itching, 
urticaria, generalized burning, joint pain, laryngeal edema; nausea, 
vomiting, headache, increased salivation, lethargy and decreased 
appetite, weight loss, pulmonary fibrosis, hypotension and hyper- 
tension. 

Dosage and Administration: GARAMYCIN Injectable may be given 
intramuscularly or intravenously. 

For intremuscular administration in adults with normal renal function.’ 

For patients weighing over 60 kg. (132 Ib.), the usual dosage is 
80 mg. (2 cc.) three times daily. For patients weighing 60 kg. (132 Ib.) 
or less, the usual dosage is 60 mg. (1.5 cc.) three times daily 

In patients with life-threatening infections, dosages up to 5 mg./ 
kg./day may be administered in three or four equal doses. This dos- 
age should be reduced to 3 mg./kg./day as soon as clinically indicated. 

*In chilcren and infants, the newborn, and patients with impaired 

renal function, dosage must be adjusted in accordance with instruc- 
tions set forth in the Package Insert. 
For Intravenous Administration: The intravenous administration of 
GARAMYCIN Injectable is recommended in those circumstances when 
the intramuscular route is not feasible (e.g., patients in shock, with 
hematologic disorders, with severe burns, or with reduced muscle 
mass). For intravenous administration, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or 
in a sterile solution of dextrose 5% in water; the concentration of 
gentamicin in solution should not exceed | mg./cc. (0.196). The solu- 
tion is infused over a period of | tc 2 hours. 

GARAMYCIN Injectable should not be physically premixed with 
other drugs, but should be administered separately in accordance 
with the recommended route of administration and dosage schedule. 
How Supplied: GARAMYCIN Injectable, 40 mg./cc., 2 cc. multiple- 
dose vials, for parenteral administration. MARCH, 1971 

AHFS Category 8:12.28 
For more complete prescribing details, consult Package Insert 
or Physicians’ Desk Reference. Schering literature is also 
available from your Schering Representative or Medical 
Services Department, Schering Corporation, Kenilworth, New 
Jersey 07033. 


References: |. Brayton, R. G., and Lovria, D. B.: Gentamicin in gram-negative urinary and 
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Dis. 119:486, 1969 6 Cox, C. E. and Harrison, L. H.: Gram-negative bacteremia and com- 
parison of gentamicin ond polymyxin B — kanamycin therapy. Presented a! the Annual Meet- 
ing of the American Urolog:cal Association, Philadelphio, Pennsylvania, May 10-14, 1970 
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Very little is the correct answer...even though 

the number of tablets is 4,380. That’s because these 

tablets are Ascriptin—the Maalox protected aspirin. 
Ascriptin provides 5 grains of aspirin. Yet...thanks to 

Maalox (magnesium-aluminum hydroxide), the most 

widely preferred of all antacids—it guards 


against aspirin-induced gastric distress Ase SC 


as well. No wonder more and more 
Maalox-protected 





physicians today rely on Ascriptin for 
long-term salicylate therapy. 
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Skin Graft Donor Site after Two Weeks’ Treatment with.. 





PETROLATUM GAUZE— FURACIN GAUZE— 


still large completely 
granulation tissue epithelized 


The efficacy of Furacin (nitrofurazone) in combating secondary 
infection was clearly demonstrated in a study of 50 donor sites! Half of 
each site was dressed with Furacin-impregnated fine mesh gauze, the 
other half with fine mesh petrolatum gauze 


After two weeks, the average percentage of epithelization was 90.2% 
for the Furacin-dressed areas, while only 80.37, for the areas dressed 
with the petrolatum gauze. There was no evidence of interference with 
epithelization, nor was there any sensitization. 


Furacin (nitrofurazone) 
controls infection...encourages 
faster healing of wounds. 
Furacin does more than just 
cover a wound— it actually 
helps the healing process by 
preventing most surface 
bacterial infections. Furacin 
penetrates throughout the 
lesion to effectively destroy most 
bacteria commonly causing 
surface infections. Yet it is gentle 
to healing tissue. 

Furacin is effective against a 
wide range of gram-negative 
and gram-positive organisms— 


Furacin 


nimofurazone 


antibacterial Gressing 


Pangma and Developers of The Nitrofurans 
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Divi of The Norwich Pharmacal Company 
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it is not bound, inactivated, or 
destroyed by blood or 

serous exudate. And since 

all forms of Furacin are 

used only topically, they never 
interfere with systemic medi- 
cation. 

Furacin helps keep surgical 
sites infection-free...to help 
the healing process. [hat's why 
we say, Furacin does more 
than just cover a wound. 

For more information, or 
samples for 
your evaluation, 
write or call 
your Eaton 
representative. 










FORMULA: Contains Furacin 
(nitrofurazone) 0.2% in Solu- 
base* (a water-soluble base of 
polyethylene glycols 4000, 
1000 and 300) 


SENSITIZATION: Sensiti- 
zation to Furacin is rarely seen 

in burns and surgical practice, 

the reported incidence not ex- 

ceeding 0.5%. The reported 
overall incidence of sensitiza- 
tion is low, about 1.1%, includ- 
ing those reactions which 
occur when treating chronic 
stasis ulcers, notoriously sen- 
sitive to many agents. In these 
cases, sensitization is mini- 
mized by protecting surround- 
ing intact sKin with a bland 
ointment To minimize any ad- 
verse effect restrict applica- 
tion where possible to 5 to 7 
cays, and remove medication 
by irrigation at first sign of irri- 
tation. Furacin (nitrofurazone} 
does not replace surgical pro- 
cedures when these are indi- 
' cated, however it is @ useful 
| Soe adjunct 
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Description: Keflin® (sodium cepha- 
lothin, Lilly) is a semisynthetic cepha- 
losporin antibiotic for parenteral use. 
It is the sodium salt of 7-(thiophene- 
2-acetamido) cephalosporanic acid. 
The sodium content is 55 mg. per Gm. 
of cephalothin. 

Actions: The bactericidal action of 
cephalothin results from inhibition of 
cell-wall synthesis. In-vitro and in-vivo 
activity. has been demonstrated 
against strains of the following micro- 
organisms: 

Staphylococcus aureus (penicillin- 
sensitive and penicillinase-pro- 
ducing) 

Beta-hemolytic and other strepto- 
cocci (many strains of entero- 
cocci, e.g., Streptococcus fae- 
calis, are relatively resistant) 

Pneumococci 

Clostridia 

Hemophilus influenzae 

Neisseria gonorrhoeae 

Escherichia coli and other colitorm 
bacteria 

Klebsiella-Aerobacter sp. 

Proteus i 

Salmonella sp. 

Shigella sp. 

Indications: Keflin is indicated in the 
treatment of serious infections of the 
respiratory tract, genito-urinary tract, 
soft tissue and skin, gastro-intestinal 
tract, bones and joints, bloodstream, 
and cardiovascular system due to sus- 
ceptible organisms. Also, it has been 
effective in cases of peritonitis, septic 
abortion, and staphylococcus and 
pneumococcus meningitis. Effective- 
ness has not been established in other 
types of meningeal infection. 
Appropriate culture and susceptibility 
studies should be performed to deter- 
mine susceptibility of the causative 
organism to Keflin. 

Contraindication: Keflin is contraindi- 
cated in persons who have shown hy- 
persensitivity to cephalosporin anti- 
biotics. 

Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANA- 
PHYLAXIS, HAVE BEEN REPORTED. 

Any patient who has demonstrated 
some form of allergy, particularly to 
drugs, should receive antibiotics cau- 
tiously and then only when absolutely 
necessary. No exception should be 
made with regard to Keflin. 

Usage in Pregnancy—Safety of this 
product for use during pregnancy has 
not been established. 





Precautions: Patients should be fol- 
lowed carefully so that any side- 
effects or unusual manifestations of 
drug idiosyncrasy may be detected. If 
an allergic reaction to Keflin® (sodium 
cephalothin, Lilly) occurs, the drug 
should be discontinued and the pa- 
tient treated with the usual agents 
(e.g., epinephrine, antihistamines, 
pressor amines, or corticosteroids). 
When Keflin is administered to pa- 
tients with transient or persistent re- 
duction of urinary output due to im- 
paired rena! function, the total daily 
dose should be reduced. Careful clini- 
cal observation and laboratory studies 
should be made, because higher and 
more prolonged systemic antibiotic 
concentrations can occur (see Admin- 
istration and Dosage below). 

When intravenous doses of cephalo- 
thin larger than 6 Gm. daily are given 
by infusion for periods longer than 
three days, they may be associated 
with thrombophlebitis, and the veins 
may have to be alternated. The addi- 
tion of 10 to 25 mg. of hydrocortisone 
to intravenous solutions containing 4 
to 6 Gm. of cephalothin may reduce 
the incidence of thrombophlebitis. 
The use of small IV. needles in thelarg- 
eravailable veins may bepreferred. 
Prolonged use of Keflin may result in 
the overgrowth of nonsusceptible or- 
ganisms. Constant observation of the 
patient is essential. If superinfection 
occurs during therapy, appropriate 
measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's 
or Fehling's solution or with Clinitest” 
tablets but not with Tes-Tape* (urine 
sugar analysis paper, Lilly). 

Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reac- 
tions resembling serum sickness, and 
anaphylaxis have been reported. 
Eosinophilia and drug fever have been 
reported as associated with other al- 
lergic reactions. These reactions are 
most likely to occur in patients with a 
history of allergy, particularly to 
penicillin. 

Blood—Neutropenia and hemolytic 
anemia have been reported. Some in- 
dividuals, particularly those with azo- 


temia, have developed positive direct 
Coombs tests during cephalothin 
therapy. 

Liver—Transient rise in SGOT has 
been reported. 

Kidney—Rise in BUN has been ob- 
served; however, some patients with 
elevated BUN at the beginning of 
cephalothin therapy have had values 
return to normal during therapy. 
Local Reactions—Pain, induration, 
tenderness, and elevation of tempera- 
ture have been reported following re- 
peated intramuscular injections. 
Thrombophlebitis has occurred and is 
usually associated with daily doses of 
over 6 Gm. given by infusion for more 
than three days. 

Administration and Dosage: /n adults, 
the usual dosage range is 500 mg. 
to 1 Gm. of cephalothin every four to 
six hours. A dosage of 500 mg. every 
six hours is adequate in uncompli- 
cated pneumonia, furunculosis with 
cellulitis, and most urinary tract in- 
fections. In severe infections, this may 
be increased by giving the injections 
every four hours or, when the desired 
response is not obtained, by raising 
the dose to 1 Gm. In life-threatening 
infections, doses up to 2 Gm. every 
four hours may be required. 

In infants and children, the dosage 
should be proportionately less in ac- 
cordance with age, weight, and sever- 
ity of infection. Daily administration 
of 50 mg. per Kg. (40 to 80 mg. per 
Kg. or 20 to 40 mg. per pound) in di- 
vided doses has been found effective 
for most infections susceptible to 
Keflin. 

For additional information regarding 
dosage and administration, see pack- 
age literature. 

How Supplied: Ampoules Keflin* (Ster- 
ile Sodium Cephalothin, U.S.P.), 
equivalent to 1 Gm. cephalothin, 10- 
ml. size, rubber-stoppered; equivalent 
to 2 Gm. cephalothin, 100-ml. size, 
rubber-stoppered; equivalent to 4 Gm. 
cephalothin, 50-ml. size, rubber- 
stoppered. . 
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Flow and Composition of Cardiac Lymph in Dogs 


Suiv R. ULLAL,” M.S., F.R.C.S. (Enc.), TRonp H. KrucE,* M.D., Px.D., 
WILLIAM J. KERTH, M.D., FRANK GrnBODE, M.D. 


From the Cardiovascular Research Surgical Laboratory of the Heart Research 
Institute, the Institute of Medical Sciences of Pacific Medical Center, 
San Francisco, California 94115 


SEVERAL recent articles have reflected a characteristics and composition of normal 
a growing awareness that the lymph and heart lymph would serve as an essential 
lymphatics of the heart may be of great ^ baseline for further observations. We have, 
significance in cardiac disease." * !*9?' ^ however, found only two references in the 
Most of the experimental studies, however, ^ English literature reporting such a study 
have dealt with lymphatic distribution and in the dog heart.* *? 


drainage of the canine heart and with path- The present report is based upon our 
ologic changes induced by obstruction of ^ observations of flow and composition of car- 
these lymphatics. diac lymph in 15 dogs and includes param- 


Since cardiac lymph originates from the eters which have previously not been in- 
interstitial fluid, lymph may also be a vestigated, such as pH, lactate concentra- 
more sensitive index of changes occurring tion and protein composition. It represents 
in the myocardium than is blood from the initial part of a series of experiments 
the general circulation or even from the designed to study the characteristics of car- 
coronary sinus. Determinations of the flow diac lymph during anoxia and extracorpo- 





: sae real circulation. 
Submitted for publication May 5, 1971. 
? Fellow in Cardiovascular Surgery, the Insti- 


Materials and Methods 
tute of Medical Sciences, 2200 Webster Street, 


San Francisco, California and Recipient of Bay Adult mongrel dogs were anesthetized 
Area Heart Research Award. with intravenous sodium pentobarbital (30 
oO f ; * 1 ve wal * td ‘Yru 3 - I s . . * LI 
bu. ellow me Cardiovascular Surgery, the In mg./Kg. b.w.) and artificial respiration was 
stitute of Medical Sciences, 2200 Webster Street, sS icta ah PRETEN 
R.345, San Francisco, 94115. eae TONGA "a MARE 
Aided in part by U.S.P.H.S. Grant HE 06311, | connected to a respirator. In five dogs, 
and the Bay Area Heart Research Committee. room air was used throughout the experi- 
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Lymph Flow, cc/hour @ Animals Breathing Room Air 


10. e X Animals Breathing Room Air and Oxygen 





pO», Arterial Blood 


Fic. 1. Relationship between cardiac lymph flow 
and arterial oxygen tension. 


ment, while 10 animals were given a mix- 
ture of room air and oxygen (5 L/min.). A 
constant infusion of Ringer's solution (10 
drops/min.) was maintained during the 
procedure. Arterial blood pressures were 
recorded continuously from a cannula in- 
serted into the femoral artery. 

A left anterolateral thoracotomy through 
the fourth intercostal space was performed 
in all animals. The thymus was dissected 
away from the pericardium and retracted 
anterolaterally. A tape was passed around 
the innominate artery which was retracted 
to facilitate access to the cardiac lymph 
node, which is situated between the ar- 
tery and the superior vena cava? The dis- 
section was performed with close attention 
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Fic. 2. Electrolyte concentrations in cardiac 
lymph and coronary sinus blood. 
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to hemostasis, since even a small hemor- 
rhage tends to discolor the mediastinal tis- 
sue layers and makes the identification of 
lymphatics very difficult. The pericardium 
was next opened and 0.1-0.2 cc. of T 1824 
dye (Evans Blue) was injected into the 
myocardium using a 27-gauge needle. The 
dye usually showed up in the cardiac node 
within a couple of minutes. The cardiac 
node with its afferent and efferent vessels 
was then exposed, and all efferent vessels 
at the superior pole of the gland were li- 
gated. The afferent vessels, one or two in 
number, were also ligated just before they 
entered the gland. This maneuver served 
to produce a moderate distention of these 
vessels. Dissection was not carried too close 
to the lymphatics because of the risk of 
causing spasm. A careful search was made 
for any anatomical variations!? and all 
other lymph vessels stained by the dye 
were ligated. 

Cannulation of one of the afferent ves- 
sels was performed using a lymphangio- 
gram cannula?* attached to a 30-gauge 
needle. The cannula was flushed with hep- 
arin solution and the needle slowly ad- 
vanced into the afferent lymph vessel. As 
soon as the dye-stained lymph rose inside 
the cannula, the needle was fixed in place 
with a suture of 4-0 arterial silk passed 
around the vessel. 

The lymph flowing out during the first 
15 mintues was discarded. Following this 
period, it was collected for 2 hours in hepa- 
rinized and non-heparinized tubes for elec- 
trolyte determinations and protein analysis, 
respectively. These estimations were car- 
ried out on lymph samples collected every 
hour. Samples for lactate estimation were 
obtained by collecting the lymph directly 
in measured tubes containing perchloric 
acid and mixing every drop thoroughly. 
Estimations were made by the technic de- 
scribed by Mattenheimer.'?^ Portions of the 
lymph collected in heparinized tubes were 
also tested for pH, using an Instrumenta- 
tion Lab gas analyzer. 
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Corresponding blood samples for elec- 
trolytes, proteins, lactates and pH were 
taken from the coronary sinus by direct 
puncture. Specimens for arterial blood gas 
analysis were drawn from the arterial pres- 
sure line. 


Results 


A. Lymph Flow. The lymph was found 
to be dye-stained for the first 15-30 min- 
utes and then became clear. The rate of 
flow in the dogs breathing room air and 
oxygen varied from 2.5 to 4.0 cc./hour 
(mean 3.3 cc./hour). Definitely higher 
flow rates were observed in the five ani- 
mals breathing room air alone (mean 5.9 
cc./hr.). The maximum flow values of 6 
cc./hr. and 10 cc./hr. were also recorded 
in this group. These animals had low ar- 
terial Po, values as compared to the dogs 
breathing a mixture of oxygen and room 
air (Fig. 1). 

B. Electrolyte Content. The mean 
values for sodium, chloride and potassium 
concentrations are given in Figure 2. The 
average chloride concentration was defi- 
nitely higher in cardiac lymph than in 
coronary sinus blood. A similar, statistically 
significant, trend was present in the sodium 
levels although less pronounced. Potassium 
concentrations were on the lower side as 
compared to blood. The two groups of 
animals showed no significant difference in 
their lymph electrolyte values. 

C. Proteins. Protein estimations were 
carried out in ten dogs and electrophoresis 
in five of these. All protein fractions were 
present in cardiac lymph, but in different 
concentrations and proportions as compared 
to plasma (Fig. 3). The albumin/globulin 
ratio (A/G) was consistently higher in car- 
diac lymph. 

D. Lactates. The cardiac lymph showed 
a significantly higher mean lactate level as 
compared to the coronary sinus blood sam- 
ples (Fig. 4). In the ten dogs breathing 
air/oxygen mixture the mean values were 


21.5 mg./100 ml. in cardiac lymph and 13.7 
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Fic. 3. Protein concentrations in cardiac lymph 
and coronary sinus blood. 


mg./100 ml. in coronary sinus blood. The 
levels were higher in animals breathing 
room air only, but the difference between 
lymph and blood persisted (29.6 mg./100 
ml. and 24 mg./100 ml., respectively ). 

E. Levels of pH. This was measured in 
six dogs breathing air/oxygen mixture. In 
four of these animals, the pH-reading was 
beyond the instrument scale, i.e., higher 
than 8.0, while in two animals the values 
were 7.80 and 7.95, respectively. Subse- 
quent studies have confirmed that in anes- 
thetized dogs breathing 96% oxygen, the 
cardiac lymph pH usually is 8.0 or higher.'? 


Discussion 


Active and passive movements are known 
to promote lymph flow.” The beating heart 
should therefore be an ideal organ for 
lymph studies as a continuous flow is as- 
sured by the muscular activity. The difh- 
culties inherent in cannulation of cardiac 
lymphatics, however, have discouraged pre- 
vious investigators, and only two studies * '? 
have been reported. The most important 
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step in the operative procedure is fixation 
of the needle to avoid displacement by 
respiratory movements or arterial pulsa- 
tions. Clotting of lymph has not been a 
problem with the lymphangiogram cannulas 
used in the present series. 

Based on our anatomical studies of the 
cardiac lymph drainage,'? we feel that we 
have managed to collect the total cardiac 
lymph flow and also excluded lymph from 
other organs. The present flow rates are 
much higher than those reported by Drinker 
et al.* whose anatomical studies did not in- 
clude the complete lymphatic drainage of 
the dog heart, but correspond well to the 
figures reported by Miller et al.’ 

Rapid fluid infusions ® and anesthetic 
agents !^?? have been reported to affect 
the lymph flow. These factors can be ruled 
out in the present experiments, as all ani- 
mals received the same type and level of 
anesthesia and a constant slow infusion. 
We could not demonstrate any direct rela- 
tion between lymph flow and the levels of 
plasma proteins, as suggested by Miller 
et al.? 

There was, however, a significant differ- 
ence in lymph flow between the two groups 
of dogs, and the flow values related closely 
to the Po; values in arterial blood (Fig. 1). 





Room Air Only 
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Fic. 4. Lactate con- 
centrations in cardiac 
lymph, systemic venous 
and coronary sinus blood. 
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In pentobarbital-anesthetized dogs breath- 
ing room air, arterial Po» is reported to vary 
between 61 and 98 mm. Hg.? With addition 
of a thoracotomy, this level can be expected 
to decline further. The highest flow rates 
in our series were recorded in animals 
whose Po; was 40 mm. Hg or lower. It 
thus appears that apart from the contrac- 
tions of the myocardium, the most impor- 
tant factor governing cardiac lymph flow is 
the level of oxvgenation. This has been 
further confirmed by our studies of cardiac 
lymph under anoxic conditions.’ 

The higher values of sodium and chloride 
in cardiac lymph as compared to plasma ?” 
have been confirmed by our experiments. 
We also found a uniformly lower potassium 
concentration in the lymph, whereas Miller 
et al.'* found no significant difference. Our 
electrolyte readings appear to be consistent 
with the concept of elective permeability 
of the cell membrane to Na and K ions, and 
the action of the “membrane pump” in dif- 
ferentiating the former as an extracellular 
and the latter as an intracellular ion. 

It has been established that plasma pro- 
teins constantly leak from the circulation 
into interstitial fluid and are returned via 
the lymphatics.'?:** Blood capillaries also 
have a differential permeability to albumin 
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and globulin molecules, on account of their 
different molecular size. The endothelium 
of lymphatics, on the other hand, seems to 
allow easy passage of both molecules.*° This 
accords well with our findings of a higher 
A/G ratio in cardiac lymph as compared to 
plasma, since the lymph supposedly reflects 
the protein distribution in the interstitial 
fluid. Furthermore, as would be expected 
because of different molecular size, the 
various globulin fractions likewise are pres- 
ent in different proportions in lymph than 
in the blood. It would appear of consider- 
able interest to study whether changes in 
capillary permeability, as brought on by 
anoxia, will produce changes in the concen- 
trations of the different protein fractions in 
the cardiac lymph. 

Cardiac damage due to anoxia is reflected 
both in structural and enzymatic changes.? 
Evidence has accumulated that lactic acid 
accumulation is closely related to oxygen 
debt * and that blood lactate and pyruvate 
levels and L/P ratio are reliable indicators 
of tissue anoxia, although some authors 
have reservations on this score.'* It has 
been pointed out that plasma is one step 
away from the intracellular levels, with the 
interstitial fluid, (and lymph) intervening. 
Hence it may be risky to use plasma lactate 
and pyruvate levels as true indicators of the 
intracellular state of oxygenation.' The same 
argument has been advanced against rely- 
ing on electrolyte levels in coronary sinus 
blood to reflect the intracellular electrolyte 
state.* 

For these reasons we found it worthwhile 
to determine the lactate concentrations in 
cardiac lymph. Pyruvate estimations were 
not performed, as the quantity of lymph 
needed for each estimation far exceeded 
the amounts collected. Furthermore, recent 
work has shown that lactate alone serves 
as a good indicator of oxygen deficit ^? and 
that neither estimations of pyruvate nor of 
L/P ratio have proved more reliable. 

Our observation of a mean lactate level 
of 13.7 mg./100 ml. in coronary sinus blood 


is in accordance with previously reported 
levels of 6-16 mg./100 ml. in the dog.’ The 
consistently higher levels of lactate found 
in the cardiac lymph would tend to support 
our earlier suggestion that lymph perhaps 
is a more reliable and sensitive indicator of 
intracellular. changes. This hypothesis is 
currently being tested in further experi- 
ments under conditions of hypoxia and 
anoxia. 

There is no previous reference to the pH 
of cardiac lymph in the literature. The 
highly alkaline figures that were found in 
our samples of cardiac lymph from well 
oxygenated dogs have since been confirmed 
by us during the course of other experi- 
ments. It would be of interest to observe 
the changes in pH values of cardiac lymph 
during and following anoxia and to cor- 
relate them with the lactate concentrations. 


Summary 


Observations of the flow characteristics, 
electrolytes, proteins and lactate concentra- 
tions and the pH of cardiac lymph in 15 
dogs are reported. Corresponding estima- 
tions were made in blood samples from 
the coronary sinus. The oxygen supply to 
the myocardium, as expressed by arterial 
Po, levels, appear to be the most important 
factor determining the rate of lymph flow. 
Sodium and chloride concentrations gen- 
erally were higher in cardiac lymph than 
in coronary sinus blood while potassium 
and protein levels were lower. All protein 
fractions were represented but in different 
proportions than in plasma. The A/G ratio 
was consistently higher in cardiac lymph, 
probably due to the differential permeabil- 
itv of myocardial blood capillaries to al- 
bumin and globulins. The pH of cardiac 
lymph was found to be consistently around 
eight in dogs breathing a mixture of room 
air and oxygen. The lactate concentrations 
were significantly higher in the cardiac 
lymph than in coronary sinus blood. The 
significance of these observations are dis- 
cussed. 
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Anatomical Studies on Lymph Drainage of the Heart in Dogs 


Suiv R. ULLAL,* M.S. F.R.C.S. (Enc.), TRoNp H. KrucE,* M.D, Px.D., 
Wam J. Kerta, M.D., FRANK Gersope, M.D. 


From the Cardiovascular Research Surgical Laboratory of the Heart Research 
Institute, the Institute of Medical Sciences of Pacific Medical Center, 
San Francisco, California 94115 


RECENTLY, attention has been focused on 
the possible role of impaired local lymph 
circulation in the pathogenesis of heart 
disease.* * 1° Surprisingly few studies, how- 
ever, have been concerned with the lymph 
drainage of the mammalian heart. A few 
experiments based upon hydrogen peroxide 
application * * and dye injection technics * 
7, 12,14 have succeeded in outlining the main 
lymphatic distribution and drainage. Intra- 
myocardial injections of radiopaque dye so- 
lutions have been successful in demonstrat- 
ing the cardiac lymphatics on roentgeno- 
grams.? These studies have confirmed the 
original observations by Patek? although 
there are controversies concerning the pres- 
ence of lymphatics in the atrial walls and 
in valve tissue. 

Since cardiac lymph originates in the 
interstitial spaces of the cardiac muscle, it 
may be expected to reflect closely the 
changes occurring in the myocardium. 
Hence further investigations of cardiac 
lymph are clearly indicated but have 
largely been neglected. This may in part 
be due to the technical difficulties in dem- 
onstration and cannulation of the small and 
fragile lymph vessels. 

The present paper reports our observa- 
tions of some aspects of the anatomy of 
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cardiac lymphatics in dogs. It will also 
serve as a baseline reference for further in- 
vestigations of cardiac lymph. 


Material and Methods 


A total of 35 adult mongrel dogs were 
anesthetized with i.v. sodium pentobarbital 
(30 mg./Kg. bw). Artificial respiration with 
96% Os and 4% COs was maintained 
through an endotracheal tube connected to 
a Palmer respirator. Infusion of Ringer's 
solution (15 ml./min.) was maintained dur- 
ing the experiment. 

A left anterolateral thoracotomy was per- 
formed through the fourth intercostal space 
and the pericardium was opened longitudi- 
nally. Small amounts (0.05-0.1 cc.) of dye 
were injected into the myocardium of all 
four heart chambers at various sites using 
a 27-gauge needle. India ink was used in 
five dogs, whereas the majority of animals 
were injected with Evans blue (T 1824). 
The points of injection were screened off 
with sponges so as to prevent pericardial 
contamination with dye. Attempts were 
also made to visualize the lymphatics of 
the mitral and tricuspid valves in a beating 
heart, employing the inflow and outflow 
occlusion technic described by Miller et 
al? Similar attempts on the aortic and pul- 
monary valves failed owing to the fine 
structure of the cusps which made the in- 
jection impossible. 

In all animals, the distribution of lym- 
phatics on the heart surface as well as the 
extracardiac lymphatic drainage was stud- 
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Fic. 1. Network of subepicardial lymphatics 
and larger draining vessels visualized after injec- 
tion of T1824 dye into myocardium. 


ied. Twenty-five dogs were used for fur- 
ther investigations of cardiac lymph while 
ten dogs were sacrificed and a complete 
mediastinal dissection performed to out- 
line the lymphatic pathways accurately. In 
these animals, postmortem injections of dye 
into the valve tissue were also carried out. 
Tissue specimens were taken from the dif- 
ferent heart chambers and valves and fixed 
in formalin. They were processed for mi- 
croscopic examinations and sections were 
stained with hematoxylin-eosin and van 
Gieson stains. 


Results 


Epicardial and mediastinal lymphatics: 
The dye injection into the myocardium of 
the ventricles immediately exposed a dense 





Ann. Surg. - Mar. 1972 
Vol. 175 * No. 3 


network of subepicardial lymphatic capil- 
laries which converged into larger lymph 
vessels (Fig. 1). These were irregular in 
contour, suggesting the presence of valves. 
The main channels were situated in the 
atrioventricular sulcus close to the main 
coronary vessels and sometimes hidden by 
pads of fat. They crossed behind the main 
pulmonary artery and terminated in a 
lymph node situated at the left tracheo- 
bronchial angle underneath the aortic arch. 
This has been referred to as the pretracheal 
node although the term left tracheobron- 
chial node would seem more appropriate. 
The efferent lymphatic vessels from the 
tracheobronchial node ran diagonally up- 
wards, across the trachea and behind the 
innominate artery. At this level, one or 
two lymph vessels were usually present, 
measuring 0.5-1 mm. in diameter. In some 
animals, however, a mere plexus of smaller 
lymphatics was encountered. At this point, 
the Ivmph drained into the “cardiac” node, 
situated between the innominate artery and 
the superior vena cava. From this node the 
efferent drainage followed a cephalic route 
and terminated in the right lymphatic duct 
(ductus lymphaticus dexter). The above 
pattern of lymph drainage was present in 
the majority of animals. 

In nearly one third of the experiments, 
anatomical variations were observed. Not 
infrequently, one or more efferents from 
the tracheobronchial node ascended di- 
rectly upwards in the posterior mediasti- 
num along the trachea towards the thoracic 
duct. On occasion, they entered small left 
paratracheal nodes situated at the apex of 
the chest. In one dog, all efferents from the 
tracheobronchial node were seen to follow 
this course only, thus completely bypassing 
the cardiac node. In another animal, sev- 
eral small lymphatic tributaries were seen 
communicating with the thoracic duct 
which showed faint staining of its contents 
by the dve. 

A schematic drawing of the extracardiac 
lymphatic pathways is shown in Figure 2. 


LYMPH DRAINAGE OF THE HEART 


Lymphatics in the Atrial Walls 


These could not be visualized in all ani- 
mals, owing to the difficulties of direct in- 
jections into the thin walls of a beating 
atrium. In four dogs, however, injection 
into the left atrial appendage promptly 
demonstrated subepicardial lymph chan- 
nels coursing down the atrial wall into the 
atrio-ventricular groove (Fig. 3), joining 
the main lymph vessels. A similar pattern 
was observed in two dogs following dye 
injection into the right atrial wall. 
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Fic. 2. Diagram showing the lymph drainage 
of the canine heart: 1. Tracheobronchial lymph 
node; 2. Cardiac node; 3. Right lymphatic duct; 
4. Thoracic duct; 5. Posterior mediastinal node. 
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Fic. 3. Demonstration of lymphatics in the 
wall of the left atrial appendage following injec- 
tion of T1824 dye. Note indentations in vessels, 
indicating presence of valves (arrow). 


Lymphatics of Mitral and Tricuspid 
Valves 


In three dogs, small lymphatic channels 
were visualized on the atrial surface of the 
mitral valve. These extended from the free 
margin of the anterior leaflet to the annu- 
lus (Fig. 4). A similar network was dem- 
onstrated on the atrial surface of the tri- 
cuspid valve leaflets in one animal only. 
No lymphatics were visualized on the ven- 
tricular aspects of either valve. 

The lymph channels in the valve tissue 
appeared sparse as compared to the exten- 
sive subepicardial and subendocardial net- 
works in the ventricles. Dye injections after 
producing complete obstruction of the car- 
diac lymph drainage, however, showed far 
more extensive networks of lymph channels 
on the atrial surfaces of both valves." 
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Fic, 4. Lymphatics in the anterior leaflet of the 
mitral valve (arrow ). 


Microscopic Observations 


Full-thickness specimens from the four 
heart chambers and the mitral and tricus- 
pid valves were examined at high magnifi- 
cations. Identification of lymphatic capil- 
laries was based upon the following cri- 
teria: a) interstitial tissue spaces lined by 
irregular, sometimes fenestrated, endothe- 
lium, b) absence of erythrocytes within the 
lumen, c) absence of basal membrane and 
pericytes when discernible, and d) pres- 
ence of dye particles inside the lumen. 

Lymph capillaries were unequivocally 
demonstrable in both the mitral and tricus- 
pid valves (Fig. 5). In several sections, 
interstitial tissue spaces appeared continu- 
ous with the endothelial-lined channels. 
Whenever present, dye particles seemed 
confined to the lumina of the lymph capil- 
laries only. In no instances were dye par- 
ticles detected within the vessels otherwise 
identified as blood capillaries. 
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Discussion 


As first demonstrated by Patek? in 1939, 
myocardial injection of dye does visualize 
draining lymph channels, in vivo as well 
as in postmortem experiments. It may be 
argued that in postmortem hearts the in- 
jection pressure may force dye into small 
blood vessels or along tissue spaces, thus 
producing a false impression of lymphatics. 
In the present experiments, however, dve 
particles were never observed inside blood 
capillaries. Furthermore, the interstitial tis- 
sue spaces are in continuity with the lym- 
phatic capillaries; the definition resting 
upon the presence or absence of lining en- 
dothelium. Finally, the macroscopic ap- 
pearance of the larger channels with their 
thin walls and valvular indentations was 
distinctive. Hence there is little doubt that 
the visualized pathways indeed represent 
lymph vessels. In our experiments on ca- 
nine and human hearts, however, we have 
found the H:O» method to be unsatisfac- 
tory as compared to the dye injection tech- 
nic. Several artefacts do occur, partly due 
to frothing and partly because the enzyme 
reaction, which is the basis for the HO. 
technic, does not take part exclusively 
within lymphatics alone. In the present ex- 
periments, precautions were also taken to 
exclude dye contamination of the pericar- 
dial cavity. Lymph drainage from the peri- 
cardium differs from that of the heart 
proper, since part of the drainage follows 
pathways also to parasternal and diaphrag- 
matic lymphatics.* 8 

A major feature of the extracardiac 
lymph drainage is the frequency of ana- 
tomic variations (Fig. 2). This observa- 
tion has an important bearing upon experi- 
mental obstruction of cardiac lymphatics 
as well as upon collection of lymph for de- 
termination of flow and analysis of compo- 
sition. If proper precautions are not ad- 
hered to, some cardiac lymph may escape 
analysis, or lymph originating elsewhere 
may be included. 
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Fic. 5. Microscopic 
appearance of lymph 
capillaries in the tricus- 
pid valve leaflet. Parti- 
cles of injected India ink 
are visible within the lu- 
men (arrows). H&E X 
100. 


The observations on subendocardial, my- 
ocardial and subepicardial lymphatic plex- 
uses in the ventricles have been confirmed 
by the present experiments. In his original 
experiments, Patek? was unable to dem- 
onstrate lymphatics in the atria and valve 
tissue. A recent study based upon dye in- 
jections * also was unsuccessful, while other 
workers have visualized mitral valve lym- 
phatics in the beating dog heart? Hydro- 
gen peroxide experiments are reported to 
show the presence of lymphatics in the 
mitral and tricuspid valves of dogs and 





pigs, but only in the mitral valve of hu- 
mans.* 

In the present study, employing the dye 
injection. technic, we have conclusively 
demonstrated the presence of lymphatics 
in the left and right atrial walls, in the 
mitral and in the tricuspid valves. Lym- 
phatics were present on the atrial aspects 
of valve leaflets as well as in the annulus. 

These anatomical observations suggest 
that alterations of cardiac lymph drainage 
may be of some significance in heart dis- 
ease and following cardiac surgery. Rheu- 
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matic fever has been observed to affect 
cardiac lymphatics,*'* and cardiac lym- 
phangitis producing conduction defects 
have been reported.?? It should be consid- 
ered whether atrial lymph obstruction may 
influence the onset of atrial fibrillation in 
chronic heart disease. Also, interference 
with lymphatics in the valve ring during 
valve replacement may be of significance 
to the postoperative course of these pa- 
tients. 
summary 


The anatomy of the lymphatic system of 
the heart was studied in 35 dogs by the dye 
injection technic. In the majority of ani- 
mals, cardiac lymph drained into the “car- 
diac” lymph node, via the left tracheo- 
bronchial node. Anatomical variations in 
the extracardiac drainage, however, were 
frequently present and should be watched 
for in all experiments on cardiac lymph 
drainage. 

Lymph vessels were demonstrated in the 
walls of the left and right atrium. Lymph 
channels were also observed on the atrial 
aspects on the mitral and tricuspid leaflets 
as well as in the valve rings. No lymphatics 
were demonstrable in the semilunar valves. 

The clinical significance of some of these 
findings are discussed. 
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Effect of Ileal Bypass on Cholesterol Levels, Atherosclerosis 
and Growth in the Infant Rabbit 
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Ricuarp L. Varco, M.D., Pu.D. 


From the Department of Surgery, University of Minnesota Hospitals, Minneapolis, Minnesota 


Since May of 1963 we have performed 
over 100 partial ileal bypass operations for 
the management of hyperlipidemia.*:* 1° In 
the hypercholesterolemic patient we have 
documented a sustained average cholesterol 
reduction of 40% from the preoperative, 
but postdietary baseline. Other investigators 
(Lewis, Brown, and Page," Miettinen,” 
Swan and McGowan," Fritz and Walker,’ 
and Helsingen and Rootwelt'^) have re- 
ported similar findings. The availability of 
the bypass procedure to our Lipid Clinic 
group * has considerably amplified the range 
of our effectiveness, given greater meaning 
to our deliberations on patient management, 
and freed us from much of the helplessness 
and sense of impasse so familiar to clini- 
cians facing up to the frequent failure of 
diet and drugs. 

We have in recent years extended our 
study protocol to include certain carefully 
selected hyperlipidemic children. This will, 
of course, necessitate a reevaluation of the 
lipid lowering potential of the operation in 
a pediatric population. Also, in undertaking 
the responsibility of performing this pro- 
cedure in children, concern must be given 
to the growth and development of these 
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young people. That loss of one-third of the 
small intestine in children, even neonates, 
is well tolerated without an adverse effect 
on standard growth prediction curves is a 
generally accepted fact. Yet, it behooves in- 
vestigators introducing an elective short- 
circuiting of normal bowel in children to 
study the total possible implications of such 
a procedure once again. 

The purpose of research and the projec- 
tion of data can often be enhanced by à 
reciprocal relationship between the lab- 
oratory and clinical studies. We previously 
completed a study on the effect of partial 
ileal bypass on blood cholesterol and athero- 
sclerosis in the adult rabbit.? A preliminary 
report of the effect of ileal bypass on cho- 
lesterol levels, atherosclerosis and growth 
in the infant rabbit was published in the 
Surgical Forum.* This paper presents the 
data of the completed study. 


Methods 
A. Study Groups 


White New Zealand rabbits, five weeks 
old, were divided into five study groups: 
Group I, controls; Group II, rabbits on a 
two per cent (by weight) cholesterol en- 
riched diet; Group III, rabbits on regular 
diet following ileal bypass performed at five 
weeks of age; Group IV, rabbits on two 
per cent cholesterol enriched diet following 
ileal bypass performed at five weeks of age; 
and Group V, rabbits on two per cent cho- 
lesterol enriched diet for two (VA) or four 
(VB) months before ileal bypass and then 
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Fic. 1. Diagram of a partial ileal bypass pro- 
cedure as performed in the rabbit: The bowel is 
anastomosed at the approximate mid-point, side- 
to-side, to the cecum, just proximal to a constrict- 
ing ligature. 


continued on the same diet after the op- 
eration. The original experimental design 
called for the Group V rabbits to remain 
on the 2% cholesterol enriched diet for 
four months before ileal bypass; however, 
the high mortality in this group (with as- 
sociated true myocardial infarction? seen 
on autopsy in these 13 to 14 week old 
animals) caused us to include in this study 
protocol sub-group VA with only two 
months on the atherogenic diet before by- 
pass. Only rabbits fully recovered from 
surgery and eating normally were included 
in the postoperative test groups (III, IV, 
V). The final number of animals in each 
group were: Group lI, n — 10; Group II, 
n= 10; Group III, n= 10; Group IV, n= 
10; Group VA, n = 5; and Group VB, n = 5. 
The animals in each major group were 
equally divided as to sex. 


B. Diet 


The standard diet consisted of commer- 
cial Nutrena rabbit pellets containing crude 
protein 16%, crude fat not less than 2.5%, 
fiber not more than 15%, plus added vita- 
mins and minerals. 
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The atherogenic two per cent cholesterol 
enriched diet was prepared by dissolving 
commercial crystalline cholesterol in ether, 
adding the ether solution to the Nutrena 
pellets and evaporating the ether in a con- 
tinuous flow environment of nitrogen in a 
rotating mixer. This method yielded pellets 
impregnated and coated with cholesterol. 
Two pounds of crystalline cholesterol were 
used for every one hundred pounds of pel- 
lets, giving an approximate two per cent 
cholesterol preparation. 

Either standard Nutrena pellets or the 
two percent cholesterol mixture and water 
constituted the total oral intake of these 
animals; no supplements were given. At the 
initiation of the experiment all animals were 
fully weaned and well-adjusted to the 
standard pellet diet. 


C. Ileal Bypass 


If the small intestine of the rabbit, sup- 
plied by the superior mesenteric artery, is 
unfolded, a loop is formed. The distal curve 
of this ileal loop has a dual mesentery; one 
of its own vascular pedicle, the other the 
vascular pedicle of the appendix. Bypass is 
carried out at a point on the proximal curve 
of the ileal loop on line with the tip of the 
appendix. This point represents the ap- 
proximate bowel midpoint as determined 
by actual measurement. Anastomosis is 
made end-to-side to the cecum opposite the 
ileocecal valve by a continuous 5-0 silk su- 
ture. An umbilical tape ligature is used to 
completely constrict the small bowel lumen 
distal to the anastomosis. That the ligature 
constriction is complete is demonstrated on 
postmortem study: no luminal material is 
found distal to the ligature and the bypassed 
bowel undergoes atrophy. A diagramatic 
description of the procedure is presented 
in Figure 1. 


D. Determination of Blood Cholesterol 


Whole blood cholesterol levels were de- 
termined monthly by the Abell et al.' 
method of extraction and colorimetric quan- 
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titative analysis in a Coleman spectro- 
photometer. 


E. Evaluation of Atherosclerotic Lesions 


On necropsy examination the gross aortic 
lesions were noted and microscopic sections 
of the aorta and the coronary arteries pre- 
pared, examined and characterized.* 


F. Growth and Development Criteria 


Rabbit growth was ascertained by monthly 
weights. As an index of development we at- 
tempted to test sexual maturity by mating 
certain rabbits within a study group at the 
end of the year of evaluation. We were 
aware that the mating of rabbits under 
laboratory conditions was extremely diff- 
cult and unrewarding; we are now in à 
position fully to concur with that finding 
(see below). 


Results 
A. Whole Blood Cholesterol Levels 


Group I (control) average whole blood 
cholesterol values for the thirteen months 
of the study (one year follow-up plus base- 
line) were: 144, 150, 93, 98, 106, 97, 91, 93, 
92, 93, 88, 149, and 88 mg./100 ml. Except 
for the 12th value in the series (which 
could represent an error in laboratory tech- 
nic or standard solutions for that month), 
there was a definite downward trend in the 
cholesterol concentrations as the animals 
grew from five weeks of age to 57 weeks 
old. The mean of the averages for the vear 
of study was 103 mg./100 ml. 

Group II (2% cholesterol diet) animals 
survived an average of 4.3 months. They 
died of the complications of hypercholes- 
terolemia and atherosclerosis (see pathol- 
ogy below). The average cholesterol value 
prior to feeding of the 296 cholesterol diet 
was 146 mg./100 ml. (n — 10). Subsequent 
to feeding of the 2% cholesterol diet the 


* We are indebted to Dr. Jesse E. Edwards, 
Professor of Pathology for his aid in reviewing this 
material. 
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Fic. 2. Plot of whole blood cholesterol concen- 
tration (mg./100 ml.) against time (months) for 
the five animal test groups (Group V is divided 
into Subgroup VA and Subgroup VB). 


progressive whole blood cholesterol average 
values were: 2,473 mg./100 ml. at one 
month (n = 10); 2,163 mg./100 ml. at two 
months (n= 10); 1,388 mg./100 ml. at 
three months (n = 9); 1,520 mg./100 ml. 
at four months (n = 6); and 1,743 mg./100 
ml. at five months (n = 4). Only one animal 
survived beyond five months and he died 
nine months following initiation of the 2% 
diet with cholesterol values of 800 mg./100 
ml. at six months, 664 mg./100 ml. at seven 
months, 812 mg./100 ml. at eight months, 
and 900 mg./100 ml. at nine months. 
Group III (ileal bypass plus regular diet ) 
had a pre-bypass average whole blood cho- 
lesterol of 118 mg./100 ml. (five weeks 
old). The average cholesterol concentra- 
tions for the subsequent 12 months study 
were: 97, 81, 76, 83, 78, 81, 78, 76, 79, 82, 
54, and 76 mg./100 ml. These values were 
consistently lower than the comparable 
values of the control group. The mean of 
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Fic. 3. Plot of whole blood cholesterol concen- 
tration (mg./100 ml.) against time (months) for 
test Groups I, III, and IV. This graph presents 
the 60 mg./100 ml. to 200 mg./100 ml. choles- 
terol concentration range only in order to permit 
definition of the differences between these three 
groups. 


the postoperative average values was 81 
mg./100 ml. This was 22 mg./100 ml. lower 
than the mean of the control group (p < 
0.01). 

Group IV (ileal bypass plus 2% choles- 
terol diet) had a pre-bypass average whole 
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Fic. 4. Photograph of gross specimen of aorta 
from a Group II rabbit illustrating almost com- 
plete intimal infiltration with atherosclerotic plaque 
deposits. 
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blood cholesterol of 132 mg./100 ml. The 
average cholesterol values over the next 12 
months of study were: 89, 85, 88, 101, 101, 
118, 149, 104, 112, 174, 166, and 118 mg./ 
100 ml. These values were, on an incon- 
sistent basis, 10 mg./100 ml. or so higher 
than the comparable monthly control values 
(Group I). The mean of the postoperative 
averages for Group IV was 117 mg./100 ml. 
lhis was 14 mg./100 ml. higher than the 
mean average of the control group (0.2 > 
p 2» 0.1) and 36 mg./100 ml. higher than 
the average average of Group III (p< 
0.001). 

Group VA (2% cholesterol diet two 
months, bypass, continued on diet) had a 
baseline pre-dietary average cholesterol of 
134 mg./100 ml. Average cholesterol con- 
centrations for the two months preceding 
operation were 1,071 and 1,250 mg./100 ml. 
Following the bypass average cholesterol 
values for the next twelve months were: 
002, 283, 221, 194, 271, 227, 198, 178, 190, 
217, 205, and 253 mg./100 ml. A sharp and 
then continuous decline of cholesterol levels 
towards control levels ( Group I) was seen 
after bypass, despite continuation of the 
hypercholesterolemic diet. The group aver- 
age remained slightly, but significantly 
(p < 0.001), higher than that of the con- 
trol zroup. The same conclusion can be 
drawn for Group VB (2% cholesterol diet 
for four months before bypass and continued 
on the same diet). The baseline pre-diet 
cholesterol level of Group VB was 96 mg./ 
100 ml.; the average cholesterol levels for 
the next four months of 2% cholesterol diet 
feeding were 598, 1,928, 1,863, and 1,704 
mg./100 ml.; and the postoperative average 
cholesterol concentrations for the next 12 
months were 654, 315, 150, 186, 201, 151, 
133, 202, 199, 216, 160, and 177 mg./100 ml. 

Average cholesterol values for all five test 
groups are plotted against time in Figure 2. 
A more discriminating scale is used to show 
the small differences in the monthly cho- 
lesterol levels of Groups I, III, and IV in 
Figure 3. 
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B. Atherosclerosis 


No atherosclerotic plaque lesions were 
seen grossly or microscopically in Groups 
I, III, and IV; therefore, the Group III and 
IV rabbits were protected by the ileal by- 
pass from diet induced hypercholesterolemia 
and atherosclerotic plaque deposition. The 
Group II rabbits had severe atherosclerotic 
disease, occlusion of coronary arteries by 
intimal plaque proliferation, and associated 
myocardial infarctions (Figs. 4-7). Group 
V rabbits that died before or at the time of 
their bypass operation had a degree of 
atherosclerosis comparable to that of Group 
II; the lesions were roughly proportional 
in severity to time on the 2% cholesterol 
diet. Group V rabbits who survived at least 
three months following the bypass opera- 
tion showed an alteration in their athero- 
sclerotic plaques from an acute prolifera- 
tive process to a chronic scar, with a de- 





315 





10 11| 2 13| , 14 


| l 
alind dn Hl 


Fic. 5. Photograph of gross specimen of heart 
of the same rabbit whose aorta is represented in 
Figure 4. Note the severe coronary artery plaque 
deposition outlining the left coronary system in 
this non-injected specimen. 


crease in cholesterol content and partial re- 
placement of the amorphous lipid-choles- 
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Fic. 6. Coronary artery intimal plaque deposit in a Group II rabbit. The plaque is composed 
of foam cells, extra-cellular lipid rich amorphous gruel and areas of calcification (partially 
washed out area to the right). ( Hematoxylyn and Eosin stain, original magnification X250. ) 
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Fic. 7. Myocardial infarction in a Group II rabbit at the zone of transition with normal 
cardiac muscle. The fragmented, washed out fibers of the necrotic area of muscle on the left 
are divided by a narrow zone of inflammatory cells from the healthy muscle on the right. 
( Hematoxylin and Eosin stain, original magnification X250.) 


terol enriched gruel by whorls of collagen 
and accompanying fibroblasts (Fig. 8). 


C. Growth and Survival 


Sporadic animals deaths occurred in all 
groups, including the controls from pneu- 
monitis or unexplained causes. These deaths 
were randomly distributed except for the 
Group II animals, all of which died with 
severe atherosclerosis. In order to provide 
large enough and comparable numbers for 
analysis for the one year of follow-up, addi- 
tional rabbits were introduced into all but 
Group II during the course of the experi- 
ment and data on the animals that died of 
unrelated causes were deleted from the 
final calculations. 

The average monthly weights for each 
group of rabbits are shown in Table 1 and 
the growth curves are plotted in Figure 9. 
The rabbits at five weeks of age were es- 


sentially of uniform weight, ranging from 
an average of 0.69 kilograms for Group VB 
to 0.98 kilograms for Group IV; the overall 
average weight of the rabbits in the five 
test groups was 0.83 kilograms. The control 
rabbits ( Group I) showed a steady weight 
gain, increasing their weight four-fold in 
four months, and weighed over 3 kilograms 
at one year of age. The rabbits fed 2% cho- 
lesterol-impregnated Nutrena pellets (Group 
II) had a comparable growth curve for 
four months at which time the survivors 
plateaued at approximately 3 kilograms. 
The rabbits operated on at five weeks of 
age (Groups III and IV), whether started 
on 2% cholesterol enriched diet thereafter 
or retained on the control diet, showed no 
lag in weight gain and achieved, month for 
month, weights essentially comparable to 
those of the controls. The Group V (A and 
B) rabbits’ growth curves also matched that 


EFFECTS OF ILEAL BYPASS 





Fic. 8. Part of a coronary plaque lesion in a Group V rabbit showing incapsulation of a 
focus of amorphous hyaline gruel by whorls of collagen and accompanying fibroblasts; a 
so-called “healing” or scarring lesion. (Hematoxylin and Eosin stain, original magnification 
x 250. ) 


of the controls to the time of surgery; pos- 
sibly, there was a slight weight lag as these 
animals accumulated cholesterol deposits, 
but the differences are not significant. In 
the immediate postoperative period of the 
Group V rabbits this lag of less than 0.5 
kilograms seemed to persist, followed by a 
gradual rise to weights nearly matching 
control weights one year after the onset of 


the experiment. The average weights 12 
months from the control period were: Group 
I, 3.72 Kg.; Group III, 3.39 Kg.; Group IV, 
3.59 Kg.; Group VA, 3.29 Kg.; and Group 
VB, 3.41 Kg. The greatest deviation from 
the control group was that of group VA 
with a 0.43 Kg. difference. Perhaps, the 
best estimate of the possible effect of ileal 
bypass on weight gain in an infant rabbit 


TABLE 1. Average Weights in Kilograms 























Months 

1 2 3 4 5 6 7 8 9 tO "43 12 13 14 15 16 17 
Group I 075 170 247 2.80 3.16 3.49 3.535 5.63 3.07 3.75. 3.80 3.85 3./2 
Group II Ol. ZOO 2.59 2:81 238 3.07 
Group. HE 0.81. 131 2:02 248 293 SAl 3.32 3.358 547 3.62. 3.61 3.69. 3.39 
Group IV 0.98 1.85 2.41 2.84 3.09 3.32 3.48 3.70 3.57 3.59 3.59 3.62 3.59 
Group VA 0:92. 1:82 2.34 2.59 2.93 2.88. 3.09 3.11 3.15 3.15 3.11 3.18 3.29 3.15 3.15 
Group VB 0.69 1.50 2.41 2.68 2.91 2.70 2.88 3.02 3.12 3.18 3.11 3.18 3.41 3.35 3.29 2.96 3.30 
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population can be derived from comparing 
Group I and Group III, since these are the 
only two groups that were not fed the 
atherogenic hypercholesterolemic diet. The 
average control group weight was 3.72 Kg. 
and the average ileal bypass group weight 
was 3.39 Kg., at one year, a difference of 
0.33 Kg. (9%). 


D. Development 


As stated, our attempts to mate rabbits 
under laboratory conditions proved unre- 
warding and inconclusive. The best that 
can be said for our efforts is that equal 
success ( pregnancy and delivery of young) 
and failure rates were found in all of the 
groups. 


summary 


The effect of partial ileal bypass on 
growth, cholesterol levels, and atherosclero- 
sis in the infant rabbit has been studied. 
The study consisted of five groups of ten 
animals each: controls; rabbits on a 2% 


cholesterol enriched diet; rabbits on regular 
diet following ileal bypass; rabbits on 2% 
cholesterol enriched diet following ileal by- 
pass; and rabbits on 2% cholesterol en- 
riched diet for 2 or 4 months before ileal 
bypass and then continued on the same 
diet after the operation. The study was 
initiated in 5-week-old weaned animals and 
continued for one year. 

Our data indicate that ileal bypass in the 
infant rabbit does not significantly interfere 
with growth as determined by body weight. 
We have shown that a 2% cholesterol en- 
riched diet fed to infant rabbits results in 
hypercholesterolemia and atherosclerosis by 
the second month of feeding, and death 
(commonly associated with demonstrable 
myocardial infarctions) at an average time 
of 4.3 months. Ileal bypass in 5-week-old 
rabbits prevents hypercholesterolemia and 
atherosclerosis when these rabbits are placed 
on a 2% cholesterol diet, and reduces blood 
cholesterol levels below control values in 
animals fed a regular diet. In hypercholes- 
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terolemic atherosclerotic young rabbits ileal 
bypass lowers the blood cholesterol despite 
continuation of the cholesterol enriched 
diet, with an accompanying evolvement of 
the plaque lesion from a proliferative to a 
scarring or healing phase. 
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Ileal Blood Flow Preceding Compensatory Intestinal Hypertrophy 


Rosert J. TouLouktan, M.D., Ricuarp P. SPENCER, M.D. 


From the Department of Surgery, Section of Pediatric Surgery and the Section of Nuclear Medicine, 
Yale University School of Medicine, New Haven, Connecticut 


THE functional and morphologic adapta- 
tion that follows massive intestinal resec- 
tion is well established in human and ex- 
perimental subjects. Compensatory mucosal 
hypertrophy, enlargement of the intestinal 
lumen and increased length of the remain- 
ing intestine are accompanied by improved 
absorption of water, electrolytes and nutri- 
ents with gradual return toward normal 
alimentary function in the surviving in- 
dividual. 

Despite considerable clinical experience 
accumulated on the management of the 
“short gut” patient, the mechanism of com- 
pensatory hypertrophy following intestinal 
resection is unknown. The major theories 
advanced to explain this phenomenon in- 
clude the stimulating effect of ingested nu- 
trients upon the mucosa, or the elaboration 
of a “growth stimulating hormone” or the 
elimination of an inhibitory influence upon 
the reproduction of the mucosal cell. 

While much effort has been placed in 
identifying the cellular response, little is 
known of the modifications in intestinal 
blood flow following major resection and of 
the possibility that an alteration in local in- 
testinal perfusion may either co-exist or 
exercise a direct influence upon the devel- 
opment of compensatory hypertrophy in 
the gut remnant. In an effort to determine 
whether a change in blood flow precedes 
intestinal hypertrophy, the circulation to 
jejunal and ileal remnants was investigated 
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in rats 2 days and 2 months following 50 
per cent enterectomy. 


Methods and Materials 


A total of 120 male white Sprague- 
Dawley rats weighing between 300 and 330 
Gm. were allotted to six equal experimental 
groups. The groups were further subdivided 
into two sets to include normal controls and 
rats having simple transection and enterec- 
tomy. The first set of animals was studied 
2 days after resection and the second set 
2 months after resection. 

The normal controls were maintained on 
a standard laboratory diet. Simple transec- 
tion and resection was performed under 
Metofane (methoxy-flurane ) inhalation an- 
esthesia. Simple transection consisted of di- 
viding the intestine midway between the 
Ligament of Treitz and the ileo-cecal junc- 
tion with re-anastomosis. Enterectomized 
rats underwent resection of the middle half 
of the gut leaving equal jejunal and ileal 
remnants. All bowel anastomoses were per- 
formed with a single inverting layer of 5-0 
arterial silk. Rats were deprived of solid 
food for 12 hours prior to operation and for 
24 hours after operation. 

The per cent of cardiac output to the 
entire normal jejunum and ileum, the je- 
junal and ileal remnants, and the per cent 
of cardiac output per Gm. of intact intestine 
and mucosa were measured 2 days and 2 
months following resection by the radio- 
rubidium fractionation technic.'? Intrave- 
nously administered Rb*?C] is distributed 
to the intra-cellular compartment and its 
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concentration in a given tissue will be pro- 
portional to the fraction of cardiac output 
reaching that tissue. The femoral vein was 
cannulated at the groin with a #50 P. E. 
catheter and injected with 8 to 10 pe of 
RbCl. The animals were sacrificed 35 sec- 
onds later with an intravenous injection of 
saturated potassium chloride solution. The 
wet weight of the opened and washed je- 
junum and ileum was obtained after the 
mesenteric attachments were freed. Mucosal 
samples were obtained from half the ani- 
mals in each group by scraping the lumen 
with a sharp glass slide. Over 90 per cent 
of the mucosa is recovered by this technic. 
The samples were placed in a counting bot- 
tle and the radioactivity recorded with a 
scintillation counter standardized by using 
one/one hundredth of the injected dose. 
Tissues were counted for 1 minute and 
counts compared with the standard. The 
flow fraction or estimated per cent of car- 
diac output was calculated from the ratio 
of recorded counts per minute to the stan- 
dard. The mean per cent of cardiac output 
and the mean percentage of cardiac output 
per Gm. of intact jejunum and ileum, and 
ileal and jejunal mucosa was then cal- 
culated. 


Results 


Appearance and Weight of Intestine. 
The ileal remnant was grossly hypertrophied 
within 2 months of resection (Fig. 1) and 
microscopic section demonstrated marked 
elongation of the villi and some but less 
marked hypertrophy of the muscularis. The 
weight of the ileal remnant 2 months fol- 
lowing resection nearly doubled and was 
not statistically different (p > 0.020) from 
the weight of the entire ileum in the simple 
transection and control animals. Hyper- 
trophy of the jejunal remnant was not ob- 
served and its wet weight remained ap- 
proximately one half that of the entire je- 
junum from the simple transection and un- 
operated animals. The difference in these 
weights is statistically significant at both 2 





Fic. 1. Marked hypertrophy of the ileal remnant 
and cecum 2 months after 50% mid-enterectomy. 


days and 2 months after resection (p < 
0.005) (Fig. 2). 

Blood Flow Determinations. Two days 
following resection the mean percentage of 
cardiac output to the jejunal remnant was 
half that of the entire jejunum of the con- 
trols. A significant but less marked reduc- 
tion in blood flow to the ileal remnant 
(p < 0.005 for jejunum versus p < 0.025 
for ileum) was observed when compared 
to simple transection and controls. Two 
months after resection blood flow to the 
jejunal remnant remained significantly re- 
duced (p < 0.005) compared to the entire 
jejunum of simple transection and controls. 
Blood flow to the ileal remnant rose and 
did not differ significantly (p > 0.020) from 
the entire ileum of simple transection and 
control animals (Fig. 3). 

There was no statistical difference (p > 
0.0020) between the mean percentage of 
cardiac output per Gm. to the jejunal and 
ileal remnants of enterectomized animals 
and the jejunum and ileum of simple tran- 
section and control animals at either 2 days 
or 2 months following resection ( Fig. 4). 

The most striking and important of our 
findings was that 2 days following resection 
the mucosal perfusion of the ileal remnant 
was significantly greater than in control 
animals (p « 0.005) suggesting that blood 
flow to the part of the intestine which be- 
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Fic. 2. Wet weight of jejunal and ileal remnants 
demonstrates that the weight of the ileal remnant 
increases after resection. 


comes hypertrophied is increased. No sta- 
tistical difference (p > 0.05) in mucosal 
perfusion of the ileum was identified 2 
months following resection. Mucosal perfu- 
sion of the jejunal remnant was similar to 
controls at both 2 days and 2 months after 
resection (Fig. 5). 


Discussion 


The first description of compensatory 
hypertrophy of the intestinal wall following 
resection is credited to Senn * in 1892 and 
further documented by Evans * and Flint * 
in 1907 and 1910. Evans stated “that ani- 
mals can survive the loss of a third of the 
small intestine and practically always the 
loss of half. With the best of care many 
will recover from the resection of about 
seven-eights of the mesarterial intestine. 
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This certainly approaches the limit of sub- 
sequent compensatory hypertrophic re- 
sponse.” Flints metabolic experiments in- 
dicated that "the diet in these cases should 
be rich and easily assimilated, but it should 
not contain too great a percentage of fats. 
The complete utilization of the carbohy- 
drate of the diet suggests that advisability 
of increasing these elements of food, espe- 
cially in some easily assimilated and usable 
form like the simple sugar." These conclu- 
sions based on dog experiments are remark- 
able because of their accuracy and apply 
equally well to human subjects today. The 
observations are also quite prophetic in 
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Fic. 3. Mean percentage of cardiac output to 
jejunal and ileal remnants demonstrates that the 
mean percentage of cardiac output received by the 
ileal remnant is increased after resection. 
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light of the present advocacy for intra- 
venous * and para-oral alimentation.5 Re- 
cent data obtained with more sophisticated 
methods have further clarified the adaptive 
response. 

Booth; Nygaard,^!* and Dowling and 
Booth? demonstrated that compensatory 
hypertrophy in the enterectomized rat was 
influenced by the site and extent of resec- 
tion. After proximal resection the intestine 
distal to the site of anastomosis became 


moderately or grossly enlarged. In contrast, - 


when the distal intestine was resected the 
remaining intestine showed no evidence of 
hypertrophy unless there was obstruction 
at the anastomosis. Rats having mid-enter- 
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Fic. 4. The mean percentage of cardiac output 
per Gm. of intact ee and ileum is similar to 
that of jejunal and ileal remnants. 
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Fic. 5. The mean percentage of cardiac output 
per Gm. of ileal mucosa from the gut remnant 
2 days after resection is markedly elevated com- 
pared to the ileal mucosa of simple transection and 
unoperated controls. 


ectomies also develop uniform hypertrophy 
of the ileal remnant without hypertrophy 
of the proximal jejunum. In our experiment 
the ileal remnant reached nearly normal 
weight 2 months after resection. Similar 
quantitative observations were made by 
Nygaard * who demonstrated that the epi- 
thelial area of the ileal remnant increased 
rapidly in size after 75 per cent distal re- 
section and reached nearly normal values 
for ileum. 

The blood flow studies demonstrated an 
adaptive response to resection within the 
ileum and particularly within the ileal mu- 
cosa while the jejunum failed to demon- 
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strate anything more than a reduction in 
total blood flow proportionate to the extent 
of resection. The prompt increase in local 
blood flow preceding hypertrophy is also 
demonstrable following nephrectomy in the 
remaining kidney.*! After uninephrectomy 
the mouse kidney becomes visibly engorged 
and within a minute rat glomeruli become 
distinctly hyperemic.‘ Blood flow to the 
solitary dog kidney rapidly increases as a 
consequence of diminished renal resistance, 
rises 50 to 100 per cent and remains ele- 
vated for several weeks. Regeneration of 
the liver following partial hepatectomy can 
be reduced by diversion of hepatic blood 
flow with an Eck fistula? and augmented 
by arterialization of the distal portal vein 
following porto-caval shunt.‘ 

The entire vascular response exhibited by 
the gut may be governed by an “auto- 
regulatory mechanism" which adjusts blood 
flow in accordance with its needs.? This 
term is applied to the intrinsic tendency of 
the gut to maintain a constant blood flow 
despite changes in arterial perfusion pres- 
sure. This mechanism would explain the 
sustained level of cardiac output delivered 
to the ileal remnant 2 months following re- 
section but fails to explain the absence of 
similar findings in the jejunal remnant. 
Some, yet unidentified local factor must 
exercise an effect on the ileal remnant to 
elevate mucosal perfusion 2 days following 
resection and account for the selective 
vascular response we demonstrated. 

There has been some consideration given 
a neurogenic influence. While prolonged 
sympathetic stimulation of the vasoconstric- 
tor fibers to the gut wall is known to induce 
a redistribution of blood flow from the 
mucosa to the submucosal vessels? the re- 
verse situation could possibly increase per- 
fusion to the mucosal capillary bed. This 
response is made possible by the existence 
of parallel-coupled vascular circuits within 
the mucosa, submucosa and muscularis,’ 
each capable of controlling capillary ex- 
change by modifying its own pre-capillary 
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resistance. Additional support comes from 
the demonstration that blood flow to the 
smal] vessels within the villus of the ileum 
is diminished after bilateral truncal vagot- 
omy and the changes then reversed by sub- 
sequent bilateral thoracic splanchnicec- 
tomy.!^ Adrenergic and cholinergic activity 
may be quantitated by histo-fluorometric 
and biochemical determinations and be 
helpful in recognizing more subtle changes 
in neurogenic function. 

In a secondary study designed to test the 
hypothesis that a specific adrenergic factor 
influences ileal blood flow, catecholamine 
activity was determined in jejunal and ileal 
remnants after enterectomy. This work!? 
revealed a 25 per cent reduction of cate- 
cholamine content in jejunal and ileal rem- 
nants 2 days after resection. The catechol- 
amine content of the jejunum returned to 
normal within 2 months indicating that 
depletion was non-specific and possibly ac- 
counted for my marked sympathetic stim- 
ulation with exhaustion in the acute post- 
operative period. A further reduction in 
catecholamine content of ileum 2 months 
after resection is undoubtedly a reflection 
of the mucosal hypertrophy where little 
catecholamine activity exists. Tissue stain- 
ing of jejunal and ileal remnants of acutely 
enterectomized rats showed no evidence of 
adrenergic denervation and supported the 
conclusion that changes in mucosal per- 
fusion are independent of a neurogenic 
influence. 


Summary 


The mechanism of compensatory hyper- 
trophy following massive intestinal resec- 
tion is unknown. A change in local intestinal 
perfusion may either co-exist or exercise 
a direct influence upon hypertrophy in the 
gut remnant. In an effort to determine the 
relationship of blood flow to intestinal hy- 
pertrophy the circulation to jejunal and 
ileal remnants was investigated in rats 2 


-days and 2 months following 50 per cent 


mid-enterectomy. Blood flow determinations 
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were obtained by the radio-rubidium dis- 
tribution technic. 

The ileal remnant hypertrophied within 
2 months following resection and was com- 
parable in weight to the entire ileum of 
controls and animals having simple transec- 
tion. The jejunal remnants showed no evi- 
dence of hypertrophy and its wet weight 
remained approximately one half that of 
the controls. The mean percentage of car- 
diac output to the jejunal remnant was re- 
duced proportionate to the extent of resec- 
tion and remained at 2 days and 2 months 
approximately one half the total cardiac 
output delivered to the entire jejunum of 
simple transection and control animals. A 
less marked reduction in blood flow to the 
ileal remnant was observed 2 days after re- 
section and at 2 months the overall blood 
flow to the ileal remnant rose to similar 
values for the entire ileum of simple transec- 
tion and unoperated animals. The most 
striking finding was that the mucosal blood 
flow of the ileal remnant was markedly 
greater than the controls 2 days after resec- 
tion but returned to values similar to the 
controls at 2 months after resection. Mu- 
cosal blood flow to the jejunal remnant was 
unchanged and similar to the controls at 
both 2 days and 2 months following re- 
section. 

The blood flow studies demonstrated an 
adaptive response to resection within the 
ileal remnant and particularly within the 
ileal mucosa of enterectomized rats which 
is a selective phenomenon preceding com- 
pensatory hypertrophy. 
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Pancreatic Islet Beta Cell Tumors and Hyperplasia: 
Experience in 14 Seattle Hospitals 


HELGE Kavu, THOMAS T. WHITE 


From the Departmeni of Surgery SA20, University of Washington School of Medicine, 
Seattle, Washington 98105 


HYPERINSULINISM caused by functioning 
islet cell tumors or hyperplasia of the islets 
of Langerhans, first described by Wilder 
et al?* in 1927, is now a well recognized 
clinical entity. However, the diagnosis and 
treatment which still present problems 
prompted this present study. Twenty-one 
cases were found after a search of the 
records of 14 Seattle hospitals (1950-1970): 
Ballard—1, Cabrini—l, Doctors—l, King 
County—l, Northwest——-1, Swedish—4, 
Veterans Administration—3, Virginia Mason 
—3, and University—9, while none were 
found in Group Health, Seattle General, 
Maynard, Providence, and U. S. Public 
Health. Five of these patients were seen at 
more than one hospital. These hospitals 
admit about 80 per cent of the patients for 
a metropolitan community of 1,250,000 peo- 
ple. In addition, the case of one patient was 
found with symptoms typical of hypogly- 
cemia, which at autopsy was demonstrated 
to be pancreatic islet cell tumor with wide- 
spread metastasis. Seven patients in this 
series were operated on by the senior author 
(T. T. W.) (Table 1). 


Symptoms 


The symptoms of hyperinsulinism are 
largely secondary to hypoglycemia. In our 
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series the most frequent symptoms were: 
mental confusion in 14 patients, seizures 
and convulsion in 10, unconsciousness in 10, 
sweating in seven, tremulousness in five, 
somnolence in five, various other neurologic 
and psychiatric manifestations in six, and 
other less frequent symptoms included ex- 
cessive weakness in three, hunger pangs in 
three, and increased fatigability in one 
( Table 2). 

Fourteen patients primarily had signs of 
deranzed cerebral function (unconscious- 
ness, convulsions, neurological symptoms), 
while eight had symptoms characteristic of 
epinephrine release (tachycardia, sweating, 
and hunger pangs). 

Six of these patients were first admitted 
to neurologic and psychiatric wards. Four 
had been treated for epilepsy with poor 
results. These individuals often noticed im- 
provement of symptoms after taking carbo- 
hydrates and many had gained weight due 
to frequent “prophylactic” food ingestion. 
Six of the 2] occurrences were diagnosed 
within one year of the onset of symptoms, 
10 patients had had symptoms from 1 to 5 
years, two for 5 to 10 years and three for 
more than 15 years. 

Three of our 21 patients had multiple 
endocrinopathies (MEA).?5 Two were 
brother and sister. The former had had a 
previous parathyroidectomy for hyperplasia 
before removal of the insulinoma, the latter 
a virilizing syndrome with adrenal hyper- 
plasia, then hyperparathyroidism, in addi- 
tion to the islet cell carcinoma, which at the 
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original operation was diagnosed as an 
adenoma. It is interesting to note that the 
father of these two patients had a Zollinger- 
Ellison tumor. The third patient, with re- 
current adenoma, was found at autopsy to 
have a parathyroid adenoma, a pituitary 
adenoma and hyperplasia of the adrenal 
glands. In this patient none of the tumors 
were proven to be functional. Another pa- 
tient with islet cell carcinoma and wide- 
spread hepatic metastasis had evidence of 
ectopic ACTH production by the tumor, 
high cortisol levels which could not be sup- 
pressed by Dexamethazone. The adrenals, 
when removed surgically, proved to be hy- 
perplastic. At autopsy no pituitary or other 
source of ACTH production was found. 


Diagnosis 


The majority of patients with hypogly- 
cemia do not have an insulin-producing 
tumor, as evidenced by the fact that only 
seven out of 700 cases investigated for hy- 
poglycemia in the endocrine clinic of the 
University Hospital were due to hyper- 
insulinism. 

The main causes of hypoglycemia seen in 
this clinic and in these 14 hospitals were: 


a) Functional—functional and alimen- 
tary hypoglycemic symptoms are usually 
found 2 to 4 hours after meals, and revert 
spontaneously (constituting about 80 per 
cent of the cases). 

b) Organic—usually due to insulin pro- 
ducing islet cell tumors or hyperplasia of 
the beta cells (21 cases in 21 years), 

c) Hepatogenic—this may be very diffi- 
cult to distinguish from the organic form. 
Abnormal liver function tests and a high 
plateau type of glucose tolerance curve, are 
the most important features in the differ- 
entiation. 

d) Endocrine abnormalities—abnormal- 
ities of the pituitary and adrenal glands, 
and the central nervous system may cause 
hypoglycemia, which may easily be ruled 
out, 


e) Drugs—certain drugs, like sulfonyl- 
urea, ethanol and self-administered insulin 
may also cause hypoglycemia. It is some- 
times very difficult to diagnose self-admin- 
istered-insulin-hypoglycemia from organic 
hypoglycemia. The former is largely found 
in persons with access to insulin. With the 
advent of insulin immuno-assay, it is often 
found that these persons have developed 
their own insulin antibodies (as discovered 
in one of our patients). 


Tolbutamide Tolerance Test 


We believe this to be the best test cur- 
rently available. Tolbutamide stimulates in- 
sulin release by the islets, thereby causing 
a marked, prolonged hypoglycemia. The 
effect is usually prolonged to more than 
3 hours in patients with tumors. Àn imme- 
diate rise in insulin levels to about 90 micro- 
units/ml. followed by a drop in blood sugar 
is also seen in normal persons, but after a 
moderate depression in blood sugar lasting 
for 90 to 120 minutes recovery takes place. 
In patients with hyperinsulinism severe 
symptoms may arise so that the test may 
have to be interrupted. In 10 of the 11 cases 
studied in this manner marked hypogly- 
cemia was noted. In the eleventh, the blood 
sugar fell only to 57 mg./100 ml. (Fig. 1). 
Nine of the 10 other patients were seen 
before this test came into common use. 
Insulin levels in the eight patients with 
tumors rose from 163 to 950 microunits/ml. 
within 5 minutes. The maximum level in 
normal patients appears to be to 150 micro- 
units/m].? 20 

We install a catheter in an arm vein prior 
to performing a tolbutamide test in a fast- 
ing patient. Blood is first drawn for sugar 
and insulin tests, then 1 Gm. of sodium tol- 
butamide dissolved in 20 ml. of 0.996 saline 
is given intravenously. Samples axe taken 
at 2, 5, 10, 15, 20, 30, 45, 60, 90, 120, 150, 
and 180 minutes. A syringe filled with 50% 
glucose is kept at the patient's bedside to 
be given if severe hypoglycemic symptoms 
ensue. Fasting insulin levels are so low as 
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TABLE 1. 
Dura- 
tion of . 
Pa- Age Symp- Whipple's — Blood Tolbuta- Insulin Previous 
Year tient Sex Symptoms toms Triad Sugar mide Test Level Operation 
1953 1 9 Convulsions, mental 1.5 yr + F5 — — None 
M retardation mg./1C0 ml. 
1954 2 28 Black-outs, disorien- 6 yrs -+ F 35 — — Distal pancreat- 
M tation, sweating mg./160 ml. ectomy 
1957 3 41 Confusion, trembling, 7 yrs + A 11 — — Exploratory 
M unconsciousress, mg./100 ml. aparotomy: 
sweating negative 
1959 4 41 Anxiety, silly Eehav- l yr + F 26 — — None 
M iour, convulsions mg./100 ml. 
1959 5 55 Coma, confusicn, l yr + F 24 — — None 
sweating mg./102 ml. 
1961 6 56 Confusion, headache 4 yrs + A 20 + — None 
F mg./ 100 ml. 
1961 7 74 Unconsciousness, 2 yrs + A 12 — — None 
F sleepiness mg./100 ml. 
1962 8 68 Seizures, sleepiness 3,5 yrs + A 38 + — None 
M mg./100 ml. 
1962 9 72 Mental confusion 16-17 yrs + F 15 + — Excision 2 pan- 
M visual disturbance mg./100 ml. — creatic nod- 
ules; hyper- 
plasia 
1950- 10 6- Convulsions, coma 21 yrs + A 36 + E 77 1950—Lt pan- 
1964 24 mg./100 ml, S 168 createct. 
E maintained splenectomy 
1955— Expl. 
laparotomy 
1965 11 67 Dizziness, fainting, 2—3 yrs EN A 30 — — None 
M depression mg./ 100 ml. 
1966 12 70 Somnolence, con- 15-20 yrs + A 35 + — None 
F fusion, unrespon- mg./10C ml. 
siveness 
1967 13 21 Weakness, collapse 6 mos + F 30 + F 70 Resect. parathy- 
M mg./100 ml. S 462 roid adenoma 
1967 14 25 Feeling of illbeing, 2 mos + F 29 — — Exploratory 
M fatigue, mental mg./ 100 ml. laparotomy, 
confusion, seizures liver biopsy 
1968 15 41 Sweating, confusion 2 yrs + F 35 + Raised None 
M mg./100 ml. 
1968 16 73 Shaking, sweating, 2 yrs + A 24 — — 
M convulsions mg./100 ml. 
1969 17 36 Confusion, psycaosis 1.5 yrs + F 41 + F 69 None 
F mg./ 100 mL 5 362 
1969 18 29 Sweating, hunger 1 yr + A 31 + Insulin None 
F tremulousness, mg./100 ml. antibodies 
coma 
1970 19 29 Confusion, coms 3 mos + AAT + F 21 None 
M mg./100 ml. S 520 
1970 20 81 Seizures, confusion 2 yrs + A 55 + F 33 Resection 
M confusion 4 yrs mg./100 ml. S 506 adenoma 1952 
1976 2i 72 Confusion, sweating 4 yrs T F235 Glue, tol, S 950 Distal pan- 
M shakiness, slurring mg./100 ml. test + createct. 
speech, agitation Pathology : 
negative 


ere tt e LL d 


S = Stimulation, 


A = Attack. 


F = Fasting. 
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Location 


Right of portal 


vein 


Left of portal 
vein 


Left of portal 
vein 


Left of portal 
vein 

Left of portal 
vein 


Left of porzal 
vein 


Right of portal 


vett 


Left of portal 
vein 


Throughout 
pancreas 


Left of portal 
vein 


Left of portal 
vein 


Right of portal 


vein 


Front of portal 
vein 


Left of portal 
vein 


Right of portal 


vein 


In front of 
portal vein 


Diffuse hyper- 
plasia 


Diffuse hyper- 
plasia 


Intraduodenal 


Right of portal 
vein 


Size and 
No. 


i cm. 
single 


Multiple 


adenoma 


1 em. 
single 


1.5 cm. 
single 


Multiple 


1.2 cm. 
single 


Multiple 


Surgery 


Excision adenoma 
95% pancreatectomy 


90% pancreatectomy 


Resection tail, 
splenectomy 


Lt pancreatectomy, 
splenectomy 


Wedge resection 


Lt pancreatectomy, 
splenectomy 


Local excision 
adenoma 


Excision adenoma 
Subtotal 1 zo r pan- 


createctomy to 
portal vein 


Liver biopsy 


Lt pancreatectomy, 
aplenectomy 


Total pancreatectomy 
pancreaticoduo- 
denect, 


Bilat. adrenalectomy 


Lt pancreatectomy 
splenectomy 


Excision 

80% ltor pancreat- 
ectomy, splenectomy 

95% 1 to r pancreat- 


ectomy (staged) 


90% 1 to r pancreat- 
ectomy (staged) 


Excision adenoma 


Not reoperated 


Pertinent 
Findings 


Feit and seen 


1 felt and 
seen, 2 not 


Not found 


Felt and seen 
Felt and seen 
Felt and seen 
Feit and seen 


Felt and seen 


Felt and seen 


Felt and seen 


Felt and seen 
Felt and seen 


Felt and seen 


Felt and seen 


Felt and seen 


Felt and seen 
Felt and seen 


Not found 
Not found 


Not seen, 
felt after 


duodenotomy 


Autopsy: not 
felt or seen 
found on 
resectioning 


Pathology 


Islet cell 
adenoma 


Islet cell 
adenomas 


No patho- 
logical 
changes in 
specimen 


Islet cell 
adenoma 


Islet cell 
adenoma 


Islet cell 
adenoma 


Islet cell 
adenoma 


Islet cell 
adenoma 


Islet cell 
adenoma 


Islet cell 
carc, with 
hep. metast. 


Islet cell. 
carc. with 
hep. metast. 


Islet cell 
adenoma 


Mult. islet 
cell 
adenomas 


Islet cell 
carcinoma 


Islet cell 
adenoma 


Islet cell 
adenoma 
Islet cell 


Islet cell 
hyperplasia 


PIslet cell 
hyper- 
plasía 


Islet cell 
adenoma 


Islet cell 
adenoma 


Follow-up and Post- 
operative Complications 


Asymptomatic 


Asymptomatic in 1965 apart from 
diabetes 


Asymptomatlc 15 years postop. 


Drainage from fistula 5 mos. Now 
asymptomatic 


Asymptomatic 
Asymptomatic 2.5 yrs. 


Postop fistula. Now asympto- 
matic, normal FBS 


Developed postop pancreatitis, 
renal failure, pancreatic cyst, 
expired Z 


Asymptomatic, apart from organic 
brain syndrome secondary to 
preop. hypoglycemia 


Multiple endocrinopathy, sympto- 
matic with renal failure. Origin- 
ally adenoma. 


Medical therapy. Expired 1968. 


Had pulmonary embolism, now 
asymptomatic. Normal T.T. 
5 yrs. later, 


Asymptomatic 3 yrs postop. 


Expired 6 mos after onset of symp- 


toms. 
Evidence of ACTH production by 
bilateral adrenal hyperplasia 


Fistula for 4 mos postop. Now 
asymptomatic normal T.T. 1.5 
yrs. postop. 


Asymptomatic 2 yrs postop. 


Asymptomatic, normal T. T. post- 
Op. 


Pancreatic fistula, requires in- 
sulin, normal T.T., otherwise 
asymptomatic 


Postop. wound infection, abscess, 
low FBS 9 mos postop. Asymp- 
tomatic. 


Expired 1 day postop. with aspira- 
tion and cardiac arrest 


Expired with congestive cardiac 
failure 


perp terre rin pnp enn 
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TABLE 2. Incidence of Sympioms in 21 Patients 





Initial 
Symptom/ 
No. of No. of 
Symptom Patients Patients 

Mental confusion 14 10 
Unconsciousness 10 4 
Convulsions 10 4 
Unresponsiveness 4 2 
Somnolence 8 2 
Bizarre psychiatric sympt. 6 3 
Neurological sympt. 3 3 
Weakness 3 1 
Undue tiredness 1 0 
Sweating 7 5 
Tremulousness 5 3 
Hunger pangs 3 i 
Presented at psychiatric 

or neurologic wards 6 
Treated (unsuccessfully) 

for epilepsy 4 
Mental retardation 2 


to be almost immeasurable in normal per- 
sons while 90 per cent of those with in- 
sulinomas will have insulin increments rang- 
ing from 15 microunits.* *^?* Eight of the 
nine patients studied in this fashion had a 
fasting insulin sample taken with levels 
ranging from 21-73 microunits/ml. The 
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Minutes (after tolbutamide administration] 


Fic. 1. Glucose and insulin values following 
administration of 1 Gm. tolbutamide in patient No. 
20, 81 years old. The blood sugars did not fall 
below 50 mg./100 ml. because the test was inter- 
rupted at 30 min. because of hypoglycemic shock, 
yet insulin levels rose to 512 at 5 min. after 
administration of this drug. 
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ninth patient had insulin antibodies which 
questioned the possibility of self-adminis- 
tered insulin. 


Fasting Blood Sugars and Whipple's Triad 


Whipple’s triad ?? has been the traditional 
method af diagnosing hyperinsulinism. This 
consists of (a) an attack of faintness pre- 
cipitated by fasting or exertion; (b) fasting 
blood sugars less than 50 mg./ml.; and (c) 
symptoms relieved by oral or intravenous 
administration of glucose. Nineteen of our 
patients had this triad of symptoms, while 
in one blood sugar levels never well below 
59 mg./100 ml. and in another there was 
no definite relief of symptoms by adminis- 
tration of glucose. Although we formerly 
believed that the triad of symptoms had to 
be present before operation was considered, 
we now feel that high fasting or very high 
post-tolbutamide blood insulin levels are 
also pathogenic. One patient in this series 
underwent operation on this basis alone and 
was found to have an insulin tumor. 

The lowest blood sugar levels recorded 
in the present series (during fasting attack 
or during the tolbutamide test) were: two 
patients under 10 mg./100 ml, seven pa- 
tients between 10-20 mg./100 ml, ll pa- 
tients between 20-30 mg./100 ml., and one 
patient above 50 mg./100 ml. Thus in 20 
of 2] patients, blood sugar levels were re- 
corded at one time or another to be below 
30 mg./100 ml. 

To induce hypoglycemia the fast may 
have to be prolonged to 72 hours. This was 
not necessary in any of our cases, where 
the longest fast necessary was 18 hours. A 
blood sugar estimation when the patient is 
symptomatic is often very helpful!? and 
was the first clue to the diagnosis in 11 of 
our patients. 

The L-leucine sensitivity test ^ * may be 
helpful but was not used in this series. The 
glucagon test!? was helpful in one patient 
with marked heart failure in whom it was 
felt ta be safer than the tolbutamide test. In 
this instance there was a sharp rise in insulin 
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levels to 950 microunits/ml. followed by a 
drop in blood glucose to 25 mg./100 ml. 


Radiological Studies 


Routine x-rays are rarely helpful except 
where large space occupying lesions indent 
the lumen of the duodenum on gastrointes- 
tinal x-rays or appear as large shadows 
elsewhere. 

Selective angiography with catheteriza- 
tion of the superior mesenteric and celiac 
arteries has been reported to be a valuable 
tool in localizing insulinomas.* *° The abil- 
ity to demonstrate the tumor by use of this 
technic depends on the marked vascularity 
of those tumors which may contain large 
sinusoidal vessels with slow flow. Such tu- 
mors therefore, will appear as a homo- 
geneous shadow (blush) remaining visible 
to x-ray for 3 to 20 seconds, well beyond 
the clearing time of the adjacent capillary 
bed. Multiple tumors and metastases are 
reported to be visualized sometimes. 

We, therefore, were disappointed to find 
that good angiograms in 10 of our patients 
were of no value in localizing tumors. In 
one case a false positive was obtained in 
a patient with beta cell hyperplasia, caus- 
ing us to mistakenly resect part of the head 
of the pancreas as the primary procedure. 
In two cases intimal dissection in the he- 
patic artery complicated the angiography. 
In two other instances plaques were chipped 
off at the femoral puncture site, requiring 
surgical removal. In a final case a hema- 
toma occurred adjacent to the hepatic ar- 
tery as a result of selective angiography. 
The fact that none of the tumors in patients 
in whom angiograms were carried out were 
over 10 mm. in diameter may account for 
their non-visualization by this technic. 


Treatment 
Medical 


This treatment is reserved for patients 
who are not able to undergo operation, or 
where surgical treatment is refused. It is 
also valuable in controlling patients who 





Fic. 2. Palpating the tail of the pancreas (from 
White and Harrison, Reoperative Surgery of the 
Gastrointestinal Tract, Little, Brown and Com- 
pany: Boston (in press) ). 


are still symptomatic after partial or total 
resection, and who either refuse further 
surgical treatment or are awaiting opera- 
tion. Finally, it can be of considerable value 
in treating patients with inoperable func- 
tioning islet cell carcinoma. 

Diazoxide was used in the treatment of 
four patients. It is a non-diuretic, antihy- 
pertensive drug of the benzothiadiazine 
group of compounds with a hyperglycemic 
effect, probably caused by suppression of 
islet cell tissue. In one patient with meta- 
static islet cell carcinoma, treatment with 
drug for 5 years produced a dramatic ef- 
fect. In two other patients with islet cell 
carcinoma and in one with a single ade- 
noma, diazoxide provided only transient im- 
provement of symptoms. 

In two patients with islet cell carcinoma 
streptozotocin was infused into the celiac 
artery, without substantial benefit. This is 
a diabetogenic agent, exhibiting selective 
toxicity to the islet cells, theoretically re- 
sulting in tumor regression and normogly- 
cemia.!* 19 


Surgical 


If medical treatment is unsatisfactory, we 
feel that surgical removal of the tumor 
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Fic. 3. Palpation of the head of the 
following a Kocher maneuver (from White and 


ancreas 


Harrison, Reoperative Surgery of the Gastroin- 
testinal Tract, Little, Brown and Company: Boston 
(in press) ). 


should be attempted whenever possible. 
When operating for an insulin tumor it is 
extremely important that the pancreas is 
exposed as well as possible by mobilizing 
the head, completely dividing the gastro- 
colic ligament to expose the body and 
tail ^?! and that a blood sugar specimen 
is drawn after anesthesia is induced. The 
pancreas is inspected, then carefully pal- 
pated (Figs. 2 and 3). In 16 of our 21 pa- 
tients a tumor could be seen or felt in the 
pancreas (Table 3). Their sizes varied from 
2 mm. to 8 cm. Five of these patients had 
local excision of the tumor. When the tumor 
was located in the front of or to the left of 
the portal vein, we preferred resection of 
the spleen and tail of the pancreas to just 
beyond the point where the tumor was 
found. A second blood sugar specimen was 
then taken to assure that no further insulin 


TABLE 3. Stte of Tumor 


To the left of the portal vein 10 
To the right of the portal vein 5 
In front of the portal vein 2 
Multiple i 
Not found 3 
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secrezing nodules were present. If the blood 
sugar level remained depressed we pro- 
ceeded as if no tumor had been found, as 
described below. In one instance two addi- 
tiona; intrapancreatic tumors were found 
after the first had been identified in the 
tail. 

Ween no tumor was found, a staged left- 
to-rigat resection of the pancreas was per- 
formed in three patients, and a blind 90 
per cent pancreatectomy in two patients. 
We feel that a staged resection of the pan- 
creas shculd be performed in instances in 
whicá a tumor cannot be found by palpa- 
tion cr inspection and cannot be seen on 
angicgrams. Initially the spleen and tail 
of the pancreas up to the portal vein should 
be mobilized and resected (Fig. 4). The 
specinen is examined by the pathologist 
and a sample of blood is sent for blood 
sugar estimation. If the pathologist finds 
a tumor, or the blood sugar rises sharply, 
the operation should be terminated at this 
point, because the tumor may be hidden in 
some portion of the removed specimen only 
to be ound later. 

If the tumor is not found in the specimen 
and tke blood sugar level does not rise, ex- 
amina-ion of the head and uncinate process 
should be repeated with one hand behind 
the pancreas and one in front of head, so 
as to ralpate lesions lying in the vicinity of 
the ao-ta and portal vein which are difficult 
to palpate in any other fashion. If the tu- 
more is still not palpable we perform a 
duodeaotomy so as to palpate the mucosal 
surface of the duodenum in search of an 
intraduodenal tumor in ectopic tissue or tu- 
mors on the duodenal side of the pancreas. 
An otkerwise non-palpable insulinoma was 
locatec. once by this technic and was re- 
moved transduodenally. We have also found 
two in-raduodenal Zollinger-Ellison tumors 
which zould be locally resected. Lf no intra- 
duodenal tumor is found the duodenum is 
closed and half of the pancreas remaining 
between the portal vein and the duodenum 
is remcved together with the uncinate proc- 
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ess. Sugar estimations are carried out again 
and the new specimen is examined. At this 
point 80 per cent of the pancreas will have 
been removed. The remaining 20 per cent 
will be sufficient to maintain the patient's 
exocrine and endocrine function. A discus- 
sion with the endocrinologist should be car- 
ried out at this point. If the blood sugar 
level is still very low and he feels that he 
cannot control the patient with drugs, an- 
other 10 per cent of the pancreas should be 
removed, leaving a strip adjacent to the 
duodenal large enough to preserve the pan- 
creaticoduodenal arteries and thus main- 
tain the circulation to this organ. 

We do not proceed with a total pan- 
createctomy as a primary procedure even 
if a tumor is not found as we have found 
that a small adenoma is often overlooked in 
resected specimens, and that some patients 
with hyperplasia and a 90 per cent resec- 
tion become asymptomatic. It is for this 
reason that we are inclined to accept a rise 
in blood sugar following resection of a large 
segment of pancreas as an indication to 
stop. One of our patients in whom no 
pathologic changes were found (despite 
the fact that the blood sugar level had 
dropped to 11 mg./100 ml. during an at- 
tack) remains asymptomatic 15 years fol- 
lowing operation. In another patient there 
was marked hyperplasia with islet cells dis- 
tributed between the acini is well as in the 
islets themselves. This patient is asympto- 
matic 18 months following a 90 per cent 
resection of the pancrease. A third patient 
in whom no tumor was found is asympto- 
matic 6 months following 90 per cent re- 
section, but the blood sugar levels gradually 
decreased from a fasting level of approx- 
imately 100 to 55 mg./100 ml. so that this 
patient will be re-examined for possible 
tumor elsewhere. 


Results 


Sixteen of the patients are asymptomatic, 
one of these patients has low fasting blood 
sugar levels, however, as mentioned above. 





Fic. 4. This illustration shows left to right re- 
B AS the poa vein, and a 90% pancreatec- 


tomy (from White and Harrison, Reoperative Sur- 
gery of the Gastrointestinal Tract, Little, Brown 
and Company: Boston (in press) ). 


Five patients have died (Table 6), two 
died of metastatic islet cell tumors; one pa- 
tient with marked cardiac failure did not 
undergo reoperation because of this and 
subsequently died; two patients died from 
postoperative complications, one (81 years 
old) from cardiac arrest and aspiration 1 
day postoperatively, the other developed 
postoperative pancreatitis, a pancreatic 
pseudocyst and renal failure and died ap- 
proximately 1 month postoperatively. 

A high rate of complications occur after 
pancreatic operation. Four patients devel- 
oped pancreatic fistulas, four (including the 
above) developed cysts, three of which be- 


TABLE 4. Operations Performed 


Left pancreatectomy and splenectomy 6 
Local excision 5 
Staged left-to-right pancreatic resection 3 
Biopsy of metastatic tumor 3 
Total pancreatectomy 1 
90% Pancreatectomy 2 
Not operated 1 
TABLE 5. Histology 
Adenoma 15 
Carcinoma 3 
Hyperplasia 3 
Of These: 

Multiple adenomas 1 
Recurrent adenoma 1 


Originally adenoma, later carcinoma 1 
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TABLE 6. Mortality 


Cause of Death No. 





Postoperative pancreatitis with cyst 1 
Cardiac arrest and aspiration 1 
Cardiac failure (not operated) 1 
Metastatic islet cell carcinoma 2 


came infected. Two patients had venous 
thrombosis with pulmonary emboli. Most 
of the patients became diabetic in the post- 
operative period and required insulin for 
a short period of time. Only three have re- 
quired long-term administration of insulin 


(Table 7). 


Comments 


The most meticulous technic of local re- 
section or resection of the tail by itself does 
not seem to completely prevent fistula or 
cyst formation in either cur hands or those 
of others.'5 We and others are now using a 
Roux-Y pancreaticojejunostomy to drain the 
transected pancreas following resection or 
the raw area left behind by a local excision. 
It is not possible, at this point, to conclu- 
sively state that this is the solution to our 
problem since one of the patients who un- 
derwent local excision (Sl years of age) 
died of cardiac arrest 1 day following opera- 
tion and the second patient developed a 
wound infection which complicated the 
total picture. Merkel!* has used this tech- 
nic in several patients with no cysts or 
fistulas. 

While other authors recommend pan- 
creaticoduodenectomy as the initial pro- 


TABLE 7. Morbidity 


No. of 
Complication Patients 

Pancreatic cysts 4 
Pancreatic fistula 4 
Wound infection 4 
Venous thrombosis with pulmonary 

embolism 2 
Diabetes 3 
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cedure,” 1" we believe that this proce- 
dure has a higher rate of morbidity then 
a left-to-right pancreatectomy and that re- 
sults from the latter are as good as can be 
expected from the former.* We believe 
that pancreaticoduodenectomy should be 
reserved for patients with intraduodenal tu- 
mors, some adenomas of the head close to 
the main ducts or in whom there are car- 
cinomas of the islet in the head. The only 
patient in this series who had total pan- 
createctomy was one with multiple tumors 
in whom the entire pancreas and spleen 
were removed together with the duodenum. 

We feel that resection of the primary 
tumor should be carried out in patients with 
malignant insulin tumors because the me- 
tastases may be nonfunctional or resection 
of the primary tumor will reduce the effec- 
tive insulin secreting cell mass, probably 
rendering chemotherapeutic therapy more 
effective.? Still, in two of our patients a 
biopsy of the metastatic lesion was the only 
feasible procedure, while one originally had 
left-to-right resection for an adenoma, later 
further incomplete resection for an islet cell 
carcinoma. 

The operative procedures carried out and 
the histology of the tumors are summarized 
in Tables 4 and 5. 


Summary 


Twenty-one cases of hyperinsulinism are 
reported. Fifteen patients had adenomas, 
one of these had muitiple lesions; three had 
islet cell carcinoma; one had hyperplasia, 
one had questionable hyperplasia; and in 
one no histologic changes were found, 
though he is asymptomatic 15 years after 
a 90 per cent pancreatectomy. 

If the tumor cannot be palpated after 
extensive mobilization of the pancreas, the 
authors prefer a stepwise method of resect- 
ing first the tail of the pancreas to the 
portal vein, then intraduodenal palpation 
for tumor, and finally resection of the left 
half of the head with the uncinate process. 
Local excision can be carried out if pos- 
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sible. Further, we believe that a Roux-Y 
loop of jejunum should be brought up to 
the resected area to prevent formation of 
fistula or cyst. We do not advocate primary 
total pancreaticoduodenectomy. 

Blood sugar and insulin levels must be 
determined to obtain accurate diagnosis, 
since in some instances the insulin levels 
will be elevated while sugar levels are rela- 
tively normal. The use of angiograms were 
of no assistance in locating the tumors in 
ten patients. 
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As of April 1971, the results of lung trans- 
plantation in man have been discouraging.” 
Twenty-five patients have received lung 
allografts. The patient of Derom and col- 
leagues died more than 10 months after 
operation.® In the remaining 24 recipients, 
the procedure failed in less than 30 days 
necessitating removal of the transplanted 
lobe in three patients and causing death in 
the other 21 recipients. 

Because the classic histologic manifesta- 
tions of lung allograft rejection were not 
present in many of the transplanted lungs, 
other factors have been cited to explain 
these poor results. Infection in the trans- 
plant and problems due to the recipient’s 
remaining lung have frequently been held 
responsible for the death of those patients 
who received a single lung transplant.?? 
Most prominent among these problems is 
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the ventilation-perfusion imbalance that has 
been observed when one lung was trans- 
planted into patients whose remaining lung 
was emphysematous." 

Because we had no satisfactory explana- 
tion for the morphologic changes that pro- 
duced the transplant functional failure and 
death in our first lung transplant recipient 
(Case 18), we reviewed the histologic find- 
ings in the other human recipients to eluci- 
date further the causes of failure. This 
paper reports the findings of this review 
and compares them with those in a large 
series of dog lung allografts and autografts. 


Methods 


We contacted members of the 20 teams 
who performed the 25 human lung trans- 
plants and requested all histologic material] 
obtained from the lungs of their allograft 
recipients. We received the microscopic 
slides of the lungs from 20 patients and 
multiple photomicrographs of the histologic 
sections of the lungs of three other patients. 
Material from two cases was not obtained 
for review, and in one of these no autopsy 
had been performed. 


ALVEOLAR MANIFESTATIONS OF REJECTION 


Multiple sections of all available trans- 
plants, with the use of special stains when 
possible, were studied by one pathologist 
(J. W. C. H.), photographed in color and 
black and white, restudied, and described. 
The material was reviewed by a second 
pathologist (W. R. A.). Histologic findings 
were then compared to those found in the 
lungs of dogs subjected to one of the follow- 
ing: 1) allotransplantation of the left lung 
and simultaneous right pulmonary artery 
ligation in 78 animals treated with azathio- 
prine, corticosteroids, and rabbit anti-dog 
lymphocyte serum; 2) allotransplantation of 
the left lung followed by serial left lung 
biopsies at 2-4 day intervals (12 dogs); 3) 
autotransplantation of the left lung and 
simultaneous right pulmonary artery liga- 
tion with or without immunosuppressive 
treatment (14 dogs); or 4) autotransplanta- 
tion of the left lung followed by serial left 
lung biopsies at 2-4 day intervals (6 dogs). 
(Detailed methods and results in all these 
dog studies will be reported elsewhere. ) 


Results 


Pertinent clinical information and the sig- 
nificant lesions present in the grafts of the 
25 human lung transplant recipients are 
described in Table 1, All cases were divided 
into an indeterminate or a determinate cate- 
gory. Seven patients were considered inde- 
terminate because of unavailability of study 
material or because transplant failure or 
death had occurred early due to technical 
factors related to the preservation or im- 
plantation of the lung. Six of these died 
within 2 days of operation (Cases 4, 7, 9, 
10, 11 and 14) and one (Case 22) suc- 
cumbed on the fourth post-transplant day. 
In two of these seven patients (Cases 4 and 
7), no histologic material was available for 
review. Sections of the transplanted lungs 
in the remaining five indeterminate patients 
had principally hyperemia, edema, and 
hemorrhage. 

The other 18° patients were considered 
determinate because the histologic findings 
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were potentially helpful in comprehending 
the pathogenesis of the functional altera- 
tions in the transplant or in evaluating the 
clinical course. These 18 cases were sub- 
divided into four groups each having a 
characteristic histologic pattern. 

Group A (Classic Rejection) consisted of 
six patients in whom transplant was charac- 
terized by the presence of peribronchial, 
peribronchiolar, and/or perivascular infil- 
trates of mononuclear cells. The infiltrates 
consisted of small lymphocytes, large lym- 
phocytes with pyroninophilic cytoplasm, 
plasma cells, and histiocytes (Fig. 1). When 
present around bronchi or bronchioles, the 
extent of infiltration of the wall varied con- 
siderably. When the infiltrates were severe, 
they commonly extended into contiguous 
septa and, in some cases, into alveoli (Fig. 
2). When perivascular infiltrates were pres- 
ent, they were occasionally more common 
around pulmonary veins than arteries. Sub- 
endothelial infiltrates were seen in one in- 
stance. Variable amounts of hyperemia and 
pulmonary edema, with or without intra- 
alveolar fibrin and sloughed pulmonary 
pneumocytes, accompanied the mononu- 
clear cell infiltrates. Cuboidal metaplasia of 
alveolar lining cells was also common in 
all lungs, but in all cases it was a focal le- 
sion. Patients 3, 8 and 15 had only these 
changes. Patients 2 and 5 had these changes 
plus areas of moderately extensive bron- 
chopneumonia. Patient 6 had perivascular 
and peribronchial mononuclear cell infil- 
trates and extensive intraalveolar hemor- 
rhage. 

Group B (alveolar pattern) consisted of 
nine cases whose transplant was character- 
ized by the absence of perivascular, peri- 
bronchial, and peribronchiolar infiltrates of 
mononuclear cells and the presence within 
alveoli of edema fluid, fibrillar strands of 
fibrin, and sloughed pulmonary pneumo- 
cytes (Fig. 3). In areas this intra-alveolar 
fibrinous exudate was partially organized 
(Fig. 4). Where this occurred, fibroblasts 
were numerous and septa were often thick- 
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TABLE 1. Clinical and Pathologic Details in the 25 Human Lung Transplant Recipients 





Histologic Findings 





Peri- 
vascular Desqua- 
or Peri- mated . 
bronchial Fibri- Alveo- Hyper- 
Duration : Round nous lar emia 
of Patient Cell In- Alveo- Pneu- Edem: 
Case No. Organ (s) (or Lobe) Clinical] Cause filtra- lar mo-  Pneu- Fibro- Hemor 
Surgeon Transplanted Survival of Death tion Exudate cytes | monia sis rhage 
1 Left lung 18 days Renal failure +- + 
Hardy 
2 Left lung 8 days Respiratory 4 dá -+ 
Magovern insufficiency 
3 Left lower 18 days (Patient Es + + + 
Shinoi lobe survived) 
4 Right lung 5 hours Respiratory No Autopsy 
Neville insufficiency 
5 Left lung 7 days Respiratory 4- -+ + 
White insufficiency 
Maclean 
6 Left lower 7 days (Patient 4- (Extensive hemorrhage) 
Tsuji lobe survived) 
7 Left lung 1 hour Respiratory Histologic sections unavailable for review 
Bücherl insufficiency 
8 Left lower 8 days (Patient -f + + + 
Hayata lobe survived) 
9 Left lower 3 hours Respiratory + 
Gago lobe insufficiency 
10 Right lung 2 days Respiratory + 
Biicherl insufficiency 
Nasseri 
if Left lung 8 hours Respiratory + + 
Haglin insufficinecy 
12 Left lung 13 days Respiratory + + + 
Logan insufficiency 
13 Left lung 26 days Respiratory + + + 
Beall insufficiency 
and sepsis 


ened by the applied organized exudate and 
fine collagen fibers. In thickened septa, 
capillaries appeared to be bloodless and 
some capillaries contained platelet and/or 
fibrin thrombi. Cuboidal metaplasia of al- 
veolar lining cells was common and occa- 
sional mitotic figures were present. In the 
most severely affected lungs, there was ne- 
crosis of alveolar septa, bronchioles, and 
blood vessels resembling an infarct (Fig. 
5). Thrombi could not be identified in pul- 
monary arteries in these areas. In group B 
cases as in those in group A, occasional 


areas of squamous metaplasia of the mu- 
cosa of bronchi and bronchioles were pres- 
ent. Patients 1, 17, 18, 19, 21, 24 and 25 
had these changes alone, and patients 13 
and 20 had these changes plus areas of 
bronchopneumonia. 

Group C (Confluent Bronchopneumonia ) 
consisted of two patients in whom trans- 
plant was characterized by the presence of 
widespread bronchopneumonia with or 
without abscess formation. One of these 
( Case 23) had this lesion present in all sec- 
tions examined. The other patient, the 10- 
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TABLE 1. (Continued) 














Histologic Findings 




















Peri- 
vascular Desqua- 
or Peri- mated 
bronchial Fibri- Alveo- Hyper- 
Duration Round nous lar emia 
of Patient Cell In- Alveo- Pneu- Edema 
Case No. Organ (s) (or Lobe) Clinical Cause filtra- lar mo- Pneu- Fibro- Hemor- 
Surgeon Transplanted Survival of Death tion Exudate cytes monia sis rhage 
14 Heart and 14 hours Respiratory + 
Cooley lungs insufficiency 
15 Left lung 6 days Respiratory c c c 
Hallman insufficiency 
Cooley 
16 Right lung 10 months Sepsis and Trace Trace + 
Derom respiratory 
insufficiency 
17 Left lung 29 days Respiratory c a + 
Hardy insufficiency 
18 Right lung 14 days Respiratory + > 
Veith $ insufficiency 
19 Left lung 10 days Respiratory ES c 
Ross insufficiency 
20 Left lung 10 days Respiratory + + c ES ES 
Beall insufficiency 
and Sepsis 
21 Left lung 11 days Respiratory c Ea + 
Vanderhoeft insufficiency 
22 Left lung 4 days Respiratory ES c + 
Kahn insufficiency 
and cerebral 
death 
23 Heart and 8 days Respiratory + 
Lillehei lungs insufficiency 
24 Left and 11 days Respiratory ES + 
Haglin right lungs insufficiency 
25 Right lung 15 days Bronchial + + 
Veith dehiscence 
month survivor (Case 16), had severe bron- which resulted in the obliteration of the 


chopneumonia in most areas; but in areas 
that were spared from the acute inflamma- 
tory process, alveoli contained edema or 
fibrinous exudates. A rare focus of peribron- 
chial round cell infiltration was also identi- 
fied in this patient's allograft. 

Group D (Toxic Pneumonitis). Case 12 
was a patient who had been poisoned by 
paraquat ( 1, 1’-dimethyl-4, 4’-depyridylium 
dichloride). Almost all the alveoli in the 
transplant were partially or completely 
filled with an organized fibrinous exudate 


normal lung structure (Fig. 6). Although 
the lesions were somewhat similar to those 
described in the cases in group B, fibrosis 
was more severe and all areas examined 
were more extensively involved. The 
changes resembled those described in the 
patient's excised lung ?* and were similar to 
those that have been described in patients 
dying as a result of paraquat poisoning.’ 
We, therefore, presume that the lesions 
present were due to paraquat although this 
remains unproven. 
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Fic. 1. Classic rejec- 
tion in a human lung 
allograft 7 days after 
transplantation. A. Photo- 
micrograph showing peri- 
vascular mononuclear cell 
infiltrates (H & E X80). 
B. Photomicrograph 
showing infiltrates of 
mononuclear cells in the 
wall of a bronchiole (H 
& E X80). 


Histologic Findings in the Transplanted The transplant in most animals (76/78) in 
Dog Lungs this zroup had hyperemia, edema with or 


The lung allografts from immunosup- 


without fibrin, and/or fibrosis. The vast 


pressed dogs with contralateral pulmonary majority (68/78) had moderate to marked 
artery ligation had a spectrum of lesions. perivascular and peribronchial round cell 
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Fic. 2. Classic rejection in a human lung allograft 7 days after transplantation. Photomicro- 
graph showing septa infiltrated by mononuclear cells with edema, fibrin, sloughed pneumocytes, 
and mononuclear cells in alveoli (H & E X80). 


infiltrates. The histologic findings in these 
animals, whose period of post-transplant 
survival ranged from 3 to 97 days, generally 
resembled those of the patients in group A. 
In 88 per cent (60/68), the perivascular 
round cell infiltrates were associated with 
the presence of fibrinous alveolar exudates 
containing desquamated alveolar lining cells 
and round cells (Fig. 7); and 31 per cent 
(21/68) had areas of bronchopneumonia. 
In six animals, fibrinous alveolar exudates 
with desquamated alveolar pneumocytes 
were present without associated perivascu- 
lar or peribronchial round cell infiltrates 
(Fig. 8). Changes in these six dogs, whose 
post-transplant survival ranged from 8 to 
35 days, were similar to those in the lungs 
of patients in group B. 


In the dogs not receiving immunosup- 
pression, the biopsy samples of the lung 
allografts had lesions similar to those in the 
preceding group except that in no instance 
were the alveolar exudates observed without 
moderate to marked perivascular and peri- 
bronchial round cell infiltrates. In addition, 
pneumonia was rare, and more advanced 
changes with severe hemorrhagic necrosis 
were frequently present in the postmortem 
samples. 

In the lungs of dogs receiving autografts, 
there were no fibrinous alveolar exudates, 
desquamation of alveolar lining cells, or cel- 
lular infiltrates. Except for traces of intra- 
alveolar edema, no abnormalities were ob- 
served in any of the autografted animals. 
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Fic. 3, Alveolar pattern in a human Jung allograft 14 days after transplantation. Photomicrograph 
showing edema, fibrin, and sloughed pneumocrtes in alveoli (H & E X50). 


Discussion 


In Table 2, we have classified all 18 de- 
terminate lung transplant recipients on the 
basis of the characteristic histologic pattern 
present in the allograft and on the basis of 
transplant function. All six patients with 
classic rejection had inadequate transplant 
function and all six had lesions in their 
allografted lungs similar to those that have 
been observed in rejected experimental lung 
allografts. These have been well described 
in untreated and in immunosuppressed ani- 
mals.* 712319 Immunosuppression delays 
and blunts the unmodified rejection process 
to varving degrees. Although an occasional 
lung allograft in immunosuppressed animal 
recipients has remained normal histolog- 
ically for several months or years and al- 
though some develop the same sequence of 


histologic alterations seen in unmodified 
hosts, most allografted lungs under im- 
munosuppression have a lesser degree of 
cellular infiltration, fibrosis, and alveolar 
changes.^* In no instance have alveolar 
changes previously been described in the 
absence of mononuclear cell infiltration in 
experimental lung allografts. 

Although the morphologic changes of re- 
jection were widespread and functionally 
significant in the 4 whole lungs having classic 
rejection, in none were the changes ad- 
vanced in terms of what is observed in ex- 
perimentally allografted lungs. However, 
most of the experimental studies have been 
performed in animals that were kept alive 
to a more advanced stage of rejection by 
the function of their own opposite normal 
lung. The patients did not have this ad- 
vantage. When they developed severe al- 
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Fic. 4. Alveolar pattern in a human lung allograft 13 days after JUR nei und Photo- 
micrograph showing organized fibrin and fibroblasts in alveoli. Septa are thickened by collagen 


(H & E X80). 


veolar changes in their allograft their total 
pulmonary function was compromised, and 
they died of respiratory insufficiency at an 
earlier stage of rejection. 

The allografts in nine recipients were 
tabulated as having alveolar pattern. The 
lesions observed in all nine of these allo- 
grafts were consistent and, in some ways, 
different from those in the other patients. 
All nine had a fibrinous alveolar exudate 
containing sloughed pneumocytes and oc- 
casional round cells without any associated 
perivascular or peribronchial mononuclear 
cell infiltrates. This exudate, with the excep- 
tion of its containing fewer round cells, 
was identical to that which was associated 
with classic rejection both in patients and 
experimental animals. Similar alveolar le- 
sions were never noted in any of our auto- 


grafted dog lungs which were subjected to 
the same ischemic, surgical, and immuno- 
suppressive stresses as were the allografted 
dog lungs. Thus, we presume that the exu- 
date is not simply a result of the trans- 
plantation procedure or the administration 
of immunosuppressive drugs. This suggests 
that the alveolar exudate in the allografts 
results from some response to the presence 
of foreign lung tissue. The pathogenesis of 
this lesion remains unknown, although one 
can postulate that some immunologic pro- 
cess which causes alveolar-capillary dam- 
age is responsible. Whatever mechanism is 
involved, analogous findings consisting of 
interstitial edema in the absence of signifi- 
cant mononuclear cell infiltration have been 
noted in rejecting renal allografts in im- 
munosuppressed recipients.'* For these rea- 
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Fic. 5. Advanced stage of alveolar pattern 26 days after transplantation. Photomicrograph 
of a human lung allograft showing infarct-like appearance. Note almost total obliteration of 


septal pattern (H & E x50). 


sons, we believe that the alveolar pattern 
consisting of the fibrinous alveolar exudate 
and the desquamation of pneumocytes may 
represent a manifestation of lung allograft 
rejection even in the absence of the other 
classic findings of rejection. Accordingly, 
we suggest that the term "alveolar rejec- 
tion be applied to the patients whose 
allografts had this alveolar pattern alone as 
the predominant lesion. 

The alveolar exudate, if it involves a 
large number of transplant alveoli, must be 
associated with considerable functional im- 
pairment. Involved alveoli cannot be ven- 
tilated; and, if lung allograft perfusion per- 
sists while ventilation is impaired as several 
recent experimental studies indicate," !* 
1615 extensive shunts unresponsive to oxy- 
gen therapy would be present. These have 


occurred in several of the lung transplant 
recipients.'*: °° These findings indicate that 
the extensive alveolar involvement that oc- 
curred with classic rejection and alveolar 
rejection was an important cause of the 
transplant functional failure which occurred 
in 16 of the 18 determinate patients. 

Since the classic histologic manifestations 
of allograft rejection have not been present 
in many of the human lung transplants, 
ventilation-perfusion imbalances have been 
emphasized as a major reason for the poor 
outcome with transplantation of a single 
lung in emphysematous patients.!^?? It is 
believed that the pulmonary failure which 
develops in such recipients has been due 
largely to the overperfusion, compression, 
and underventilation of the transplant re- 
sulting from its relatively low vascular re- 
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Fic. 6. Photomicrograph of the human lung allograft from the patient who ingested 

paraquat (Case 12), showing effacement of normal lung pattern by proliferated fibrous tissue 

(H & E X50). 


sistance and the high static compliance and 
expiratory airway resistance of the remain- 
ing emphysematous lung. While it is true 
that these physiologic factors alone may be 
detrimental, the present data support the 
contention that the alveolar manifestations 
of rejection may be etiologically more im- 
portant than was previously recognized in 
the development of ventilation-perfusion 
imbalances and the resultant poor pulmo- 
nary function in these patients. This con- 
tention is further supported by the observa- 
tion that in several patients including one 
of our own (Case 18), the ventilation-per- 
fusion imbalance that occurred seemed to 
produce serious impairment of pulmonary 
function only after the alveoli of the allo- 
graft became filled with exudate as indi- 
cated by its opacification on plain roent- 





genograms. We have found such opacifica- 
tion experimentally to be associated with 
the extensive alveolar exudates associated 
with rejection.'? 

In contrast to those patients whose ex- 
tensive alveolar involvement contributed to 
poor overall pulmonary function were two 
patients (Cases 1 and 25) whose involve- 
ment by the alveolar pattern was minimal. 
In these patients, the number of affected 
alveoli was insufficient to interfere with 
transplant function which remained excel- 
lent while the recipients died from other 
causes. 

The frequent association of bronchopneu- 
monia with the alveolar manifestations of 
rejection in the allografts is not surprising 
and is comparable to that noted in lung 
allografts in dogs receiving antimetabolite 
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Fic. 7. Classic rejection in a canine luag allograft 10 days after transplantation. Photo- 
micrograph showing advanced stage of rejection with perivascular, septal, and alveolar 
infiltrates of mononuclear cells as well as alveolar exudates which contain fibrin and sloughed 
pneumocytes (H & E X80). 


drugs." All the patients received immuno- 
suppressive agents, and the alveolar exu- 
date would provide an excellent nutrient 
medium for the growth of pathogenic 
microorganisms. 

It is certainly possible that the histologic 
changes which we identify as alveolar mani- 
festations of rejection could be produced 
by other mechanisms in individual patients. 
In Case 12, we presume that the alveolar 
exudate was due to paraquat toxicity al- 
though rejection could have played a con- 
tributory role. In the patients that had 
areas of pneumonia adjacent to areas of 
fibrinous alveolar exudate (Cases 13 and 
20), it is possible that the latter change 
Was secondary to the pneumonia. However, 


it is unlikely that toxins or infection could 
explain the presence of the alveolar pattern 
in the seven patients in whom there was 
no clinical or histologic evidence of sepsis 
or toxic agents. 

Similar fibrinous alveolar exudates have 
also been described with allergic pneu- 
monia," with uremic pneumonitis;) and 
with chronic methonium treatment for hy- 
pertension.'* However, in most of the trans- 
plant recipients, there were none of the 
other clinical or pathologic findings usually 
associated with these processes. Since all re- 
cipients who died with pulmonary insuffi- 
ciencv were ventilated with high concentra- 
tions of oxygen and since the squamous 
metaplasia present in bronchi and bron- 
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Fic. 8. Alveolar pattern in a canine lung allograft 31 days after transplantation. Photo- 
micrograph showing edema fluid with fibrin and sloughed pneumocytes in alveoli. Septal 
capillaries are relatively bloodless (H & E X80). 


chioles was probably secondary to oxygen ^ receive oxygen therapy; and several of the 
therapy, it is possible that oxygen toxicity recipient patients received high concentra- 
also contributed to the alveolar pattern. tions of oxygen only after severe allograft 
However, similar changes were observed ^ malfunction and marked opacification on 
in the lung allografts of dogs that did not ^ roentgenograms had developed. 


TABLE 2. Classification of the 18 Determinate Recipients 








Patients Dying with 


Predominant Histologic Pattern Patients with Functional Good Functioning 
in Transplant Failure of Transplant Transplant* 











Classic rejection 


without pneumonia Cases 3, 8, 15 
with pneumonia Cases 2, 5 
with hemorrhage Case 6 
Alveolar pattern (alveolar rejection) 
without pneumonia Cases 17, 18, 19, 21, 24 Cases 1, 25 
with pneumonia Cases 13, 20 
Confluent bronchopneumonia Cases 16, 23 
Toxic pneumonitis (paraquat) Case 12 








* Died after 14 days from associated problem but had some areas of alveolar pattern present in their transplant. 
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Thus, it would appear that allograft re- 
jection, which can produce the described 
pattern of alveolar involvement with its 
consequent impaired function, is a more im- 
portant cause of failure in the human lung 
transplant recipients than was previously 
recognized. This underscores the need for 
more effective immunosuppression for use 
in clinical lung transplantation. 


Summary 


We reviewed histologic material from 23 
of 25 human lung allotransplants and from 
dogs receiving lung autografts and allo- 
grafts. Seven patients died within 4 days of 
operation or had no histologic review. Six 
of the remaining 18 patients had classic re- 
jection with perivascular and peribronchial 
round cell infiltrates and alveolar exudates. 
Two of these six had coexisting pneumonia. 
Of the remaining 12 patients, two had con- 
fluent bronchopneumonia, one had toxic 
pneumonitis (paraquat), and nine had an 
alveolar pattern of fibrinous alveolar exu- 
dates containing desquamated pneumocytes 
without other manifestations of rejection. 
Two of these nine had coexisting pneu- 
monia, and seven had severe functional 
transplant failure. 

Since this alveolar pattern occurred with- 
out infection or other obvious cause in 
seven patients, and since it occurred in dog 
lung allografts but never in autografts, we 
postulate that this lesion can be a manifesta- 
tion of rejection. This alveolar pattern can 
produce functional insufficiency and was an 
important cause of the poor human lung 
transplant results. 
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Ventilatory and Circulatory Adjustments 
after Transplantation of the Lung 


Perer Hurcein, M.D., E. Lance WALKER, M.D. 


From Department of Surgery, Division of Thoracic Surgery, School of Medicine, 
University of California, San Diego, San Diego, California 92103 


In the course of immunologic rejection 
of lung allografts, before complete rejection 
has occurred, survival of the recipient de- 
pends on complex compensatory changes 
occurring in response to diminished func- 
tion of the grafted organ. This physiologic 
response involves particularly the cardio- 
vascular and respiratory systems which 
must accelerate their working capacity to 
compensate for the failing function of the 
grafted lung. Knowledge of the compensa- 
tory cardiorespiratory mechanisms accom- 
panying immunologic rejection of lung allo- 
grafts would be helpful to assess the func- 
tional state of the graft without the neces- 
sity for employment of more traumatic tech- 
nics such as differential bronchospirometry 
and to permit institution of proper suppor- 
tive treatment until increased dosage of im- 
munosuppressive drugs has averted the re- 
jection process. In this study the ventilatory 
and circulatory alterations accompanying 
unmodified immunologic rejection of canine 
lung allografts were studied. 


Materials and Methods 


Studies were conducted on 20 mongrel 
dogs weighing 13 to 24 Kg. Ten of the dogs 
underwent left lung transplantations from 
unrelated donors of a comparable size by 
a method previously described? except 
that the pulmonary artery anastomosis was 
widened by means of a patch taken from 
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the donors main pulmonary artery. The 
left atrial and bronchial anastomoses were 
performed with a continuous suture tech- 
nic. The donor dog was heparinized with 
100 units of heparin per Kg. but the lung 
was not perfused before transplantation. 
Operative blood loss was replaced as neces- 
sary using donor dog’s blood. Antibiotics 
were given preoperatively and for the first 
4 postoperative days. 

Preoperative pulmonary function tests 
were carried out on all recipient dogs. A 
polyethylene cannula was introduced into 
the right atrium via the jugular vein and 
another cannula wes placed into the carotid 
artery of the animal to permit postopera- 
tive sampling of mixed venous and arterial 
blood, respectively, without the need to 
anesthetize the dog. The cannulas were 
kept open between studies by means of a 
heparin lock. The animals were divided 
into three groups which were sacrificed 
after repeat performance of the pulmonary 
function studies on postoperative days 3 
(three dogs), 5 (three dogs), and 7 (four 
dogs). After sacrifice, complete autopsies 
were performed and the lungs injected with 
vinylite plastic as reported in detail else- 
where.* 

The remaining ten dogs underwent left 
lung autotransplantation and served as con- 
trols. The pulmonary artery anastomosis | 
was widened by means of a patch obtained 
from the jugular vein of the animal. Pul- 
monary function tests were carried out pre- 
operatively and cn postoperative days 3 
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(four dogs), 5 (three dogs), and 7 (three 
dogs) after which the dogs were sacrificed 
and their lungs injected with vinylite plastic. 

For the performance of the baseline pul- 
monary function tests the dogs were anes- 
thetized with sodium pentabarbital 25 mg./ 
Kg. intravenously and intubated with a size 
40 cuffed endotracheal tube which was con- 
nected by means of a two-way “J” valve * 
to a Douglas bag. One per cent solution of 
sodium methohexital, a ultra-short acting 
barbiturate preparation was used as the an- 
esthetic agent postoperatively, permitting 
maintenance of light level of anesthesia dur- 
ing performance of the study. The dogs 
were allowed to breathe room air sponta- 
neously for 5 minutes, collecting the ex- 
pired air and noting the respiratory rate. 
At midpoint of the gas collection period, 
samples of arterial and mixed venous blood 
were collected for measurement of pH, pO; 
and pCOs. After completion of the gas col- 
lection, the endotracheal tube was con- 
nected to a piston respirator ** and the dog 
was mechanically ventilated with 100% 
oxygen for 10 to 15 minutes. Repeat arterial 
and mixed venous blood gases, hematocrit 
and hemoglobin were then obtained and 
the procedure terminated. Postoperative 
studies were performed in an identical 
manner except that prior to these studies 
arterial blood gases were drawn from the 
indwelling carotid artery cannula while the 
animal was awake. 

The volume of expired air was measured 
with a wet test gas meter and the tidal 
volume was determined from the minute 
volume divided by the respiratory rate. The 
ratio of wasted ventilation (physiologic 
dead space) to tidal volume, Vp/V«z, was 
calculated as follows (2): 


Paco, — Peco 

ON Pion 
2 

è Warren E. Collins, Inc., Braintree, Massa- 


chusetts. 
2# Harvard Apparatus Company, Millis, Mas- 


sachusetts. 
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where Paco, = arterial pCO. (mm. Hg) and 
Poo, = expired alveolar gas pCO: (mm. Hg). 
Alveolar ventilation V4 was calculated accord- 
ing to the equation. 


Va = Minute ventilation X (1 — Vp/V4). 


The blaod micro system BMS 3 was used to 
measure oxygen and carbon dioxide tensions 
in blood and expired gas using Radiometer pOs 
and pCO» electrodes. The pH was measured in 
the Radiometer acid-base analyzer (model 
PHM 71) with a micro pH electrode. Oxygen 
saturation of arterial and mixed venous blood 
was calculated using the Severinghaus nomo- 
gram and pO; corrected for pH of the blood.!? 
The arterial and venous oxygen content (ml./ 
100 ml. of blood) when breathing room air and 
100% oxyzen was calculated as follows: 


(Hgb X 1.34% saturation) + (pOs X 0.0031) 
where 


Hgb = hemoglobin concentration 
'Gm./100 ml.) 


1.34 = ml. of oxygen bound Gm. of hemoglobin 
and 0.0031 = Bunsen coefficient for oxygen in 
whole blood at 37? C., expressed as vol. % per 
mmpOs. Hemoglobin was determined by the 
Sahli method! and hematocrit by the micro- 
method employing an Adams autocrit cen- 
trifuge. 

Oxygen consumption while breathing room 
air was calculated from the expired gas volume 
reduced to STPD and the expired concentra- 
tion of oxygen and carbon dioxide. The 
cardiac output Ôr was calculated by the Fick 


equation VO 
* 2 
Qr = ClO, — CVO: 


where VO: = oxygen consumed (ml./min.) 
and CaO, and CẸO: = oxygen content of 
arterial and mixed venous blood respectively 
(ml./1.). 

Venous admixture breathing air Qva/Qr 
was calculated according to the following 
equation (12): 

: : Cc'Os — CaOs 

Qva Ur = C50, — CVO: 
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where Cc'O; = oxygen content of pulmonary 
end-capillary blood (ml./100 ml.) and CaO; and 
CVOs = oxygen content of arterial and mixed 
venous blood respectively (ml./100 ml.). End- 
capillary oxygen tension Pc'Os was assumed to 
equal the alveolar pO;(PAO;). In the calcula- 
tion of PAO» the alveolar partial pressure of 
carbon dioxide (PACOs) was assumed to equal 
arterial pressure of carbon dioxide (PaCO;) as 
follows: 


PAO: = 0.21 (Pz => 47) — PaCOs 
where 


Pg — barometric pressure 
47 = alveolar water vapor pressure at 37°C. 


and 
0.21 = percentage of oxygen in the atmosphere. 
During 100% oxygen breathing 

PAO; = PIO; — PACO». 


Separation of the anatomic shunt component 
Qs/Qr from the component of pulmonary 
venous admixture caused by maldistribution 
of alveolar ventilation in relation to pulmonary 
perfusion was estimated after 100% oxygen 
breathing according to the equation® 
Qs/Qr 

= 0.0031 (Pao, = Pao,) 

~ (CaOs — C702) + 0.0031 (PAO: — PaO») 


The relationship of alveolar ventilation to 
pulmonary blood flow V4/Q was estimated 
from the equation? 


, 4 863 (CYCO: — CaCO;) 
VA/Q = PACO»: 


where 863 = factor required to change units 
from STPD to BTPS and from per cent COs 
to mm. Hg partial pressure, 


PACO: = alveolar pCO» 
(assumed to be equal arterial pCO;), 


and CvCOs and CaCO; = carbon dioxide 
content of mixed venous and arterial blood, 
respectively (ml./ml. of blood), calculated from 


corresponding pCO, and pH with the help of 
the Singer-Hastings nomogram.” 

Body surface area of the dogs was calcu- 
lated from the equation 11.2 X W®-§, where 
W = body weight in grams? The significance 
of the results in each group of dogs was 
evaluated statistically by means of the paired 
T test.? each dog serving as its own control. 


Results 


The results from dogs studied on the 
seventh postoperative day are summarized 
in Table 1. Two dogs, one with a left lung 
allograft and one with a left lung autograft, 
were studied successively on postoperative 
days 3, 5 and 7 before being sacrificed on 
the seventh day and their course is shown 
in Figures 1 and 2. 

Ventilatory Changes. Progressive 
changes were observed from the third to 
the seventh postoperative day in dogs with 
left lung allografts as the rejection reaction 
took place. The respiratory rate increased 
and was frequentlv doubled. Although the 
tidal volume decreased on the average one 
third of the preoperative value (p « 0.1), 
the alveolar ventilation increased slightly in 
most dogs except immediately postopera- 
tively. Because of the small number of ani- 
mals studied, this change was not statis- 
tically significant. The Vp/V« ratio showed 
no significant change from baseline pre- 
operative values. Since no correction was 
made for the dead space of the “J” valve 
(929 cc.) and tubing (25 cc.) used in the 
collection of expired gas, *?* the Vp/V« 
ratios observed were significantly higher 
than the accepted normal values. 

The dogs with left lung autografts, in 
contrast, had a smaller increase in the res- 
piratory rate, and the tidal volumes which 
were initially decreased, returaed to normal 
by the seventh postoperative day. Alveolar 
ventilation was slightly increased except 
immediately postoperatively and the Vp/V4 
ratio was unchanged except for a slight fall 
on the seventh postoperative day. None of 
these changes were statistically significant. 
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TABLE 1. Venzilatory and Circulatory Changes afzer Transplantation of the Lung 
Autografts Allografts 
Preoperative Postop.Day7 p< Preoperative Postop.Day7 p< 
Breathing Room Air: 
Arterial pO; (mm. Hg) 65 +: 12 70 + 14 77 + 10 61+ 12 
Arterial pCO: (mm. Hg) 37 + 18 24 + 6 39 + 3 3147 0.1 
pHa 7.31 + 0.10 7.45 +: 0.04 7.35 + 0.05 7.43 +- 0.02 0.1 
Resp. rate (per min.) 29 + 13 212: 9 20 + 3 38 + 4 0.01 
Tidal volume 
(ml./Kg. body weight) 11.3 + 4.0 13.5 + 3.4 12.2 + 2.2 7.8 + 2.1 0.1 
Vp/Vr 0.61 + 0.03 0.47 + 0.08 0.58 =+ 0.02 0.59 = 0.05 
Alveolar ventilation 
(L/min./Kg. body weight) 0.117 + 0.058 0.131 + 0.012 0.102 + 0.013 0.127 + 0.025 
Oxygen consumption 
(ml./min./m?) 117 + 66 119 + 31 103 + 25 84 + 24 
A-V oxygen difference 
(vol. %) 3.70 + 0.77 3.22 + 1.35 4.20 + 0.80 2.13 + 0.65 0.01 
Cardiac output (L/min./m?) 3.10 + 1.69 3.51 Æ 2.53 3.17 + 1.61 5.72 zz 2.19 0.1 
Qva/Or 30.3 + 14.2 22.5 Æ+ 9.2 24.8 + 9.5 49.5 + 15.1 0.01 
Va/Q 0.60 + 0.39 0.64 +- 0.09 0.71 + 0.14 0.43 + 0.24 
A-aDO; (mm. Hg) 26 + 5 66 + 8 D.1 34 4: 9 67 ++ 19 0.01 
Het (92) 4| 4-2 322:2 0.05 41 24-7 33 + 6 0.1 
Breathing 100% oxygen: 
A-aDO; (mm. Hg) 219 + 3 144 + 8 0.01 142 + 66 469 + 146 0.05 
A-V oxygen difference 
. (vol. %) 2.76 + 1.76 5.91 4 1.27 0.05 443 + 1.24 4.13 - 1.86 
Qs/Qr 14.8 =t 2.1 10.1 +: 5.1 11.8 + 4.4 24.0 + 6.8 0.05 
Arterial Blood Gases. Postoperative equilibration has occurred without further 


blood gases in dogs with lung allografts, 
obtained prior to induction of anesthesia 
showed a mild to moderate respiratory 
alkalosis. In spite of this, the arterial pO. 
was invariably depressed. 

Dogs with lung autografts showed similar 
degrees of postoperative respiratory alkalo- 
sis but the arterial pO. was not significantly 
different from the preoperative values. 

Cardiac Output and Hematocrit. In 
dogs with lung allografts, changes in car- 
diac output were variable except on the 
seventh postoperative day when a striking 
increase in cardiac output was noted. This 
occurred without a corresponding increase 
in oxygen consumption which remained es- 
sentially unchanged during the various mea- 
surements. Concomitant with the increase 
in cardiac output the arteriovenous oxygen 
difference decreased (p < 0.01). The hema- 
tocrit fell slightly in most dogs after initial 


change in the later postoperative period. 

Cardiac output, oxygen consumption and 
arteriovenous oxygen difference while 
breathing room air showed no significant 
changes in dogs with lung autografts. The 
hematocrit fell similarly as in the dogs with 
lung allografts. 

Changes in Alveolar Ventilation in Re- 
lation to Pulmonary Perfusion. Venous 
admixture, Qys/Qz, while breathing room 
air increased progressively in dogs with 
lung allografts and was doubled on the 
seventh postoperative day as compared 
with the preoperative measurement (p < 
0.01). The alveolar-arterial gradient on 
room air, À-aDO; also showed a progres- 
sive increase (p « 0.01). The ventilation- 
perfusion ratio V4/Q, fell in all dogs, con- 
sistent with the right-to-left shunting ob- 
served, but the change was not significant. 
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In animals with lung autografts, the de- 
gree of venous admixture on room air was 
unchanged. The alveolar-arterial oxygen 
gradient breathing room air was elevated 
in all dogs (p < 0.1). No consistent changes 
were observed in the ventilation-perfusion 
ratio. 

Response to 100% Oxygen Breathing. 
In dogs with lung allografts the arterio- 
venous oxygen difference after 10 to 15 
minutes of 100% ogygen breathing tended 
to increase as compared with the values 
obtained during breathing room air (Fig. 
3). This was most striking on the seventh 
postoperative day and was statistically sig- 
nificant (p < 0.05). The alveolar-arterial 
oxygen gradient progressively increased and 
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Fxc. l. Respiratory alterations after autotrans- 
plantation and allotransplantation of the left lung. 
Note the increased alveolar ventilation which re- 
sults in mild respiratory alkalosis in both animals. 
In spite of hyperventilation the arterial pO. falls 
progressively in the animal with a lung allograft 
as rejection occurs. 
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Fic. 2. Circulatory alterations after autotransplanta- 
tion and allotransplantation of the left lung. In the 
animal with a lung allograft, note the decreasing 
ventilation-perfusion ratio (Va/Q) with increasing 
right-to-left shunt (Qya/Q7r) on room air, increased 
cardiac output, and increased alveolar-arterial oxygen 
gradient (A-aDO;), and true anatomical shunt (Qg/Q«) 
on 100% oxygen as the rejection reaction proceeds. The 
arteriovenous oxygen difference is low on room air and 
normal on 100% oxygen breathing. These changes are 
absent in the animal with a functioning lung autograft. 


was more than 300 mm. Hg in all except 
one dog on the seventh postoperative day 
(p < 0.05). The anatomical shunt showed 
a similar increaes as the rejection reaction 
took place and averaged 24 per cent of car- 
diac output on the seventh postoperative 
day (p < 0.05). 

Increased arteriovenous oxygen differ- 
ence after 100% oxygen breathing was also 
observed in animals with lung autografts 
(Fig. 3) but the difference was not signifi- 
cant. Interestingly, the alveolar-arterial oxy- 
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Fic. 3. Mean arteriovenous oxygen differences 
while breathing room air and during 100% oxygen 
inhalation. Note the increase in the arteriovenous 
oxygen content difference during 100% oxygen in- 
halation in animals with both hing lopit and 
lung autografts. 


gen gradient and anatomical shunt de- 
creased postoperatively in most of the dogs 
with lung autografts and this was signifi- 
cant on the seventh postoperative day (p < 
0.01). 

Pathological Findings. Autopsies were 
performed on all dogs at time of sacrifice 
on the third, fifth or seventh postoperative 
days. The left lung allografts showed vary- 
ing stages of rejection and were swollen, 
airless and hard. The microscopic findings 
will be reported separately.* The arterial 
venous and bronchial anastomoses were in- 
tact in all animals. The left lung autografts, 
in contrast, were soft and pliable and con- 
tained air. In one dog sacrificed on the 
third postoperative day, the lung autograft 
showed thrombosis at the venous suture 
line which produced infarction of the left 
upper lobe. This dog was excluded from the 
statistical analysis of the data. 


Discussion 


As the function of the transplanted lung 
failed in the course of immunologic rejec- 
tion, both the respiratory and cardiovascu- 
lar systems increased their performance to 
maintain supply of oxygen to the tissues 


rate and alveolar ventilation increased and 
mild respiratory alkalosis was present. The 
arterial pOs fell nevertheless. There was no 
detectable change in the physiologic dead 
space, suggesting absence of ventilation- 
perfusion abnormalities in those parts of 
the lung in which ventilation was pre- 
served." 19 

In spite of an increase in alveolar ventila- 
tion, the alveolar-arterial oxygen difference 
increased. Edema and mononuclear cell in- 
filtration in rejecting lung allografts results 
in scattered areas of decreased ventilation. 
The low V4/Q in such areas permits shunt- 
ing of unoxygenated blood across the lungs 
and produces a high A-aDOz seen in these 
animals. This ventilation-perfusion imbal- 
ance increases progressively in the course 
of rejection since blood flow is not de- 
creased until relatively late in the rejection 
process.’ Increase in true intrapulmonary 
shunt was also observed but was of smaller 
magnitude than the ventilation perfusion 
imbalance due to low V4/Q. 

With the increasing A-aDO,; and right-to- 
left shunting, the cardiac output increased 
and was frequently doubled. Stable oxygen 
consumption at normal levels suggests that 
the increased cardiac output was a response 
to shunt flow and not increased metabolic 
demands of the animals. In spite of this 
compensatory increase of cardiac output 
the arterial pO. remained low in the pres- 
ence of these large shunts which on room 
air approximated often 50 per cent of car- 
diac output. 

The mechanism by which arterial hy- 
poxemia increases cardiac output is not 
clearly understood but may be related to 
increased peripheral circulatory demands 
with a low vascular resistance.® 1° How- 
ever, rapid blood flow through normal vas- 
cular channels which are dilated in response 
to the anoxemia results in narrow arterio- 
venous oxygen differences and makes this 
peripheral circulatory response inefficient 
in tems of oxygen delivery to the tissues. 
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The presence of respiratory alkalosis com- 
plicates the situation by making oxygen 
less available to the cells because of the 
leftward shift of the oxygen dissociation 
curve of hemoglobin.4? Oxygen administra- 
tion has a beneficial effect in returning the 
cardiac output toward normal and improv- 
ing tissue oxygenation. This was seen in 
dogs rejecting lung allografts, all of which 
widened their arteriovenous oxygen differ- 
ence in response to 100% oxygen inhalation. 

The tendency to widen the arteriovenous 
oxygen difference during oxygen inhalation 
was seen also in the animals with lung auto- 
transplants in absence of a significant eleva- 
tion of cardiac output and may be due to 
a different mechanism. Since the animals 
were mechanically ventilated with 100% 
oxygen, some reduction of cardiac output 
might have occurred due to interference 
with venous return to the heart by the posi- 
tive pressure breathing. Another possibility 
is an unsatisfied prior oxygen debt and in- 
creased extraction of oxygen by the tissues 
when its supply was suddenly increased. 

The ability to supply and maintain suff- 
cient cardiac output to satisfy tissue oxygen 
requirements could be a determining factor 
in the recovery or death of recipients of 
lung allografts undergoing rejection. Pro- 
longed increase in cardiac output associated 
with increased intrapulmonary shunting is 
capable of precipitating heart failure under 
other circumstances. In addition, hypoxia 
may produce increased pulmonary vascular 
resistance in the normal as well as in the 
transplanted lung,” and stresses further the 
right ventricle. Under these circumstances, 
digitalis and ionotropic agents might be 
useful to provide needed support for the 
myocardium. 

It should be emphasized that the func- 
tion of the rejecting lung allografts was not 
evaluated in this study. Rather, overall com- 
pensatory cardiorespiratory response occur- 
ring in the presence of unmodified rejection 
of lung allografts was determined. The 
homeostatic alterations were inadequate 


to maintain normal arterial oxygen satura- 
tion, suggesting that the compensatory 
mechanisms were close to their limits. Res- 
piratory and circulatory support may be 
beneficial in the course of immunologic re- 
jection of lung allografts to provide suffi- 
cient oxygen supply to the tissues. 


Summary 


During immunologic rejection of lung 
allografts, the ventilatory and circulatory 
alterations in the recipient consist of com- 
pensatory mechanisms of the recipient's res- 
piratory and cardiovascular systems which 
increase their working capacity to supply 
oxygen to the tissues and cells of the body. 
Alveolar ventilation is increased with re- 
sulting respiratory alkalosis and cardiac out- 
put is increased with resulting narrowing 
of the arteriovenous oxygen content differ- 
ence and peripheral arteriovenous shunting. 
The observed changes occur in response to 
decreased systemic arterial oxygen satura- 
tion due to ventilation-perfusion imbalance 
and true anatomical right-to-left shunting in 
the transplanted lung. Inhalation of 10096 
oxygen tends to restore normal homeostasis 
by increasing oxygen supply to the tissues. 
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THe majority of end-stage liver disease 
is of a non-malignant nature. The clinical 
significance of heterotopic liver transplan- 
tation thus lies in its use as a method of 
temporary hepatic support in potentially 
reversible liver failure, or as the first step 
of an eventual staged and easier method of 
liver transplantation. 

The need for such a technic is empha- 
sized by the discouragingly high mortality, 
using all currently available methods, in 
patients with acute fulminant hepatic fail- 
ure?® and by a recent World Health Or- 
ganization report showing a death rate of 
35.7 and 14.1/100,000 population in France 
and U. S. A, respectively, from cirrhosis 
alone.?? Furthermore, it would be unrealis- 
tic, using present methods of immunosup- 
pression and histocompatibility, to expect 
greater than 4096 one-year survival in ca- 
daver liver transplantation, and since the 
mortality in the early weeks and months 
following orthotopic liver transplantation is 
unacceptably high due to technical and re- 
jection problems,” * ** a method which pre- 
serves autogenous hepatic tissue and func- 
tion is of distinct advantage. 

Following the first reports of a technic 
for heterotopic liver transplantation over a 
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decade ago,* 1° innumerable methods have 
appeared in the literature. Until recently, 
all have suffered from the serious problem 
of progressive atrophy of the transplant, 
when the recipients liver is left undis- 
turbed, as first recognized by Starzl et 
al.” An experimental study subsequently 
showed that this atrophy could be pre- 
vented by diversion of all the portal venous 
flow through the graft’ or curtailed by 
performance of a portacaval shunt.” 15 18 
Both of these technics, however, have a po- 
tentially dangerous effect on function and 
maintenance of integrity of the host liver, 
already severely damaged, and would com- 
promise any potential regeneration and re- 
covery. As well, since the human portal 
vein is short and not easily accessible, di- 
rect derivation of the portal blood flow is 
almost impossible, while the surgical treat- 
ment of portal hypertension suggests that 
anastomoses in this area remain patent 
only if there is a good flow and no vascular 
prosthesis are used. Portacaval shunting in 
itself, in severely ill patients, carries a high 
mor‘ality, and combined with liver trans- 
plantation, would, negate the advantages 
of en auxiliary liver as the first step in 
an eventual staged method. 

On the basis of the above considerations, 
further studies were undertaken to provide 
and to evaluate a more satisfactory model 
for heterotopic auxiliary liver transplanta- 
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EQ nEsECTED Loses 


{mod after Price, B sf al) 


Fic. 1. Canine liver showing sites of ligation 
of major vessels, and lobes removed in standardized 
70% hepatectomy as delineated in this work. Note 
that the papillary process of the caudate lobe is 
not resected and thus care is taken not to impair 
its blood supply particularly from the hepatic 
artery: caudate i c); right lateral (RL); right cen- 
tral (RC); gallbladder (GB); quadrate (Q); left 
central (LC); left lateral (LL); and Pa illary 
process of caudate lobe (PP of C). (Modi "i after 
Price, J. B., Jr.: Arch. Surg., 95:59, 1967.) 


tion which would fulfill the clinical needs 
as outlined. The model used and the tech- 
nic to be described is based on the con- 
cept that "adequate" total liver blood flow 
is the important factor in the prevention of 
homograft atrophy”? and the knowledge 
that better function of the homograft re- 
sults when there is increasing damage and 
insult to the host liver alone, irrespective 
of portal supply.* 1% 38 


Materials and Methods 


Healthy, female, adult mongrel dogs 
weighing 18-22 Kg. were subjected to a 
one month period of quarantine with de- 
worming and antidistemper and hepatitis 
vaccinations. After fasting for 24 hours, 
these dogs were subjected to a laparotomy 
through a midline xiphoid to symphysis in- 
cision, Anesthesia was induced with intra- 
venously administered pentobarbital and 
was maintained with methoxyflurane.* The 
celiac and superior mesenteric ganglia were 
infiltrated with 1 ml. of 5% hexycaine (Cy- 
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claine)* and a 7096 hepatectomy was then 
performed with anatomical dissection and 
removal of the left lateral, left central, 
quadrate, and right central lobes including 
the gallbladder (Fig. 1). The normal ar- 
terial and portal venous supply to the re- 
maining 3096 was left undistrubed, but the 
bile cuct was doubly ligated and transected 
both at its site of origin from the remaining 
right lobes, and at its point of entry into 
the duodenum. The infrarenal inferior vena 
cava was then dissected and cleaned with 
ligation of all branches from the level of 
the renals to the bifurcation. The left com- 
mon iliac artery was similarly bared from 
the aorta as far distally as possible, as was 
the left renal vein from the cava to the 
kidney hilum, with ligation of the left ova- 
rian vein and the occasional adrenal branch 
which drains into the renal vein. The ani- 
mal was then closed in two layers with 
continuous multifilament wire, and was al- 
lowed to recover. The resected lobes were 
allowed to drain of their blood by gravity, 
before carefully weighing and biopsying. 
The weight of the residual liver was then 
calculatec. Intravenous therapy consisted 
of 1,000 ml. 596 dextrose and saline con- 
taining one million units of penicillin G 
and 20 mEq of bicarbonate. 

Forty-eight to 72 hours after the initial 
partial hepatectomy and duct ligation, the 
animals were reanesthetized as previously, 
and the original incision reopened. Five 
dogs underwent sham operation (Group 
A-—contrcl) while ten dogs received het- 
erotopic auxiliary liver transplants (Group 
B—A.L.T. ). 

Donor animals for the transplantation 
weighed 9-11 Kg. and were similarly 
healthy mongrel dogs. Donor hepatectomy 
was performed in routine fashion as pre- 
viously described: with the animal under 
nembutal anesthesia and placed on a posi- 
tive pressure respirator using a 4096 mix- 
ture of oxygen in air. It usually took 30 
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minutes to perform. The celiac ganglion 
and periarterial nerve plexus were infil- 
trated with 5% hexylaine ( Cyclaine) at the 
onset of the dissection and minimal han- 
dling of the liver occurred during skele- 
tinization of the vessels. Perfusion of the 
donor liver was begun through the superior 
mesenteric vein with 1,000 ml. of buffered 
iced Ringers lactate solution (pH — 7.4) 
containing one million units of penicillin 
and 2,000 units of heparin, before severing 
any of the vessels. During that time the 
dog was exsanguinated, the hepatectomy 
completed, and the liver then carefully 
weighed. 

The transplant was placed in the right 
flank of the recipient in the inverted posi- 
tion, so that the dome faced the pelvis of 
the recipient (Fig. 2) as originally de- 
scribed by Slapak et al.'^ after transecting 
the previously isolated and prepared recip- 
ient vessels. The inferior vena cava of the 
recipient was divided 1 cm. below the 
renal veins and the proximal end anasto- 
mosed to the infrahepatic vena cava of the 
donor. The iliac artery was then anasto- 
mosed end-to-end to the celiac axis of the 
donor. Perfusion continued through the 
portal tract while the liver was being re- 
vascularized, thus avoiding any “warm” is- 
chemic time. The first 200 ml. of blood to 
perfuse the liver through the completed 
hepatic artery anastomosis, was allowed to 
wash out of the lower vena cava before 
releasing the upper caval clamp and trans- 
fusion of one unit of fresh blood from the 
same donor animal was begun at this time. 
Decompression of the hind limbs was ac- 
complished by anastomosing the donor 
suprahepatic vena cava to distal portion of 
the vena cava of the recipient. The portal 
tract was then revascularized by anasto- 
mosing the recipient left renal vein end- 
to-end to the portal vein of the donor 
(Fig 2). The left renal artery was tempo- 
rarily clamped during this period which 
averaged 15 minutes, to provide a bloodless 
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Fic. 2. Schematic diagram of experimental 


model showing technic of heterotopic liver trans- 
plantation used. 


field for the anastomosis and to avoid plac- 
ing any clamps on the fragile renal vein. 
The kidney itself was not mobilized. Biliary 
drainage was achieved by cholecystojeju- 
nostomy. 

Both groups A and B received identical 
treatment and medications postoperatively. 
Immunosuppression consisted of azathio- 
prine, 100 mg. daily for 1 week. This was 
decreased to 50 mg. per day orally there- 
after. Solucortef (Upjohn) 100 mg. intra- 
venously followed by 100 mg. intramuscu- 
larly every 8 hours was given for the first 
24-36 hrs. Dexamethasone 4-16 mg. (0.2- 
1 mg./Kg./day) was then given intramus- 
cularly daily thereafter starting with 16 mg. 
and decreasing by 4 mg. each week with 
maintenance at 4 mg. Lincocin (Upjohn ) 
600 mg. intravenously was also given daily. 
Animals were fed orally with a meat diet 
beginning on the second or third post- 
operative day. 
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Fic. 3. Mean total bilirubin values, (mg./100 
ml.), and standard deviations after initial opera- 
tion. Group B values do not include the two dogs 
with thrombosis of the renal vein— portal vein 
anastomosis. (p values are based on Students tł 
test. ) 


The following parameters were studied 
daily for the first week and at least twice 
weekly thereafter: hematocrit, white blood 
count, total bilirubin, alkaline phosphatase 
( Alk. P.), serum glutamic oxaloacetic trans- 
aminase (SGOT), blood urea nitrogen 
(BUN) and total protein. Urinary protein 
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Fic. 4. Mean alkaline phosphatase values 
(King-Armstrong units) and standard deviations 
after initial operation. 


Ann. Surg. * Mar. 1972 
Vol. 175 - No. 3 


was checked periodically. Frequent arterio- 
grams and venograms were donc. 

For three successive days each week, 
many of the dogs underwent simultaneous 
radioisotope scanning, uptake, and clear- 
ance studies of both livers. On the first day, 
a tracer dose of 25 „Ci of colloidal Au-198 
radiogold was injected intravenously and 
its uptake by the liver(s) monitored con- 
tinuously for the subsequent 20 minutes 
utilizing dual sodium iodide crystal probes 
(Picker) with linear rate-meter, analysers 
and recorders. The animal was then in- 
jected with 2 mCi of 99 M-Te labelled 
technetium sulphur colloid and the entire 
abdomen was scanned under a photo- 
gamma scintillation camera (Pho-gamma 
IIIL—Nuclear Chicago). The following day, 
both the uptake and scan studies were re- 
peated after a single injection of 350 „Ci 
of I labelled rose bengal. The gamma 
scanning was, however, repeated every 10 
minutes with this isotope for a minimum 
of 1 hour and again 24 hours later to quan- 
titate the clearance of the isotope from the 
livers into the bowel. These procedures 
were repeated weekly until the time of 
sacrifice. Innovar-Vet * was used to sedate 
the animals for these long procedures. 

All animals were sacrificed by operation 
at 6 weeks and all vessels and anastomoses 
were examined for patency. Both livers and 
kidneys were carefully examined, com- 
pared, biopsied and weighed fresh after 
allowing the blood to drain out. 

Specimens for pathologic study were ob- 
tained at the time of initial operation and 
again at the time of operative sacrifice in 
all instances. Histological sections were 
stained with hematoxylin and eosin. 


Results 


a) Survival and Clinical Course. Four 
of the five control dogs (Group A) sur- 
vived the full 6 weeks after initial 70% 
hepatectomy and common bile duct liga- 





* Pitman-Moore. 
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tion, but with progressive lethargy, ano- 
rexia and wasting. The fifth dog died 1 
week after operation, with no obvious 
cause found at autopsy. 

Of the ten dogs which received auxiliary 
liver transplant (Group B), one died after 
3 weeks having had an intussuception re- 
sected one week previously, while a second 
dog died of sepsis, also 3 weeks post-trans- 
plantation. Two dogs survived until sacri- 
fice but had developed early thrombosis of 
the renal vein—portal vein anastomosis. 
All except the latter two dogs were well 
for the first 4 weeks, and usually more 
active than their paired control dog. Wast- 
ing, however, was common, despite good 
oral intake, and was most marked in the 
latter few weeks. 

b) Biochemistry. To permit an easy 
analysis of the liver function tests—total 
bilirubin, SGOT, and alkaline phosphatase 
—a mean value was calculated for every 
7-day period for each dog, except in the 
first week where 3-day means were calcu- 
lated. These values were then compared in 
the two groups for the 6-week period. The 
transplant generally showed excellent func- 
tion as best illustrated by a comparison of 
the bilirubin levels. As can be seen in 
Figure 3, the mean total bilirubin levels 
dropped significantly immediately after 
transplantation (p < 0.001) in group B and 
remained below a mean value of 2 mg./ 
100 ml for 4 weeks. Marked hyperbili- 
rubinemia developed in the control dogs, 
which tended to plateau (5-9 mg./100 ml) 
after 1 week. There was no significant dif- 
ference in alkaline phosphatase (Fig. 4) 
or SGOT values (Fig. 5) between the two 
groups, however SGOT values tended to 
be slightly higher in the transplant group 
from the third week on, probably related 
to rejection episodes. Alkaline phosphatase 
values rose to maximum levels, often 100 
times normal, within 2 weeks of common 
duct ligation of the residual host liver and 
tended to remain at this level thereafter. 
The presence of the transplant did not ef- 
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Fic. 5. Mean serum glutamic oxalacetic trans- 
aminase values (Sigma—Frankel units) and stan- 
dard deviations after initial operation. 





fect any fall in this enzyme and this proved 
to be a reliable indicator of continued duct 
obstruction in the host liver in the presence 
of a functioning transplant which cleared 
the jaundice. 

Figure 6 illustrates the serial serum bili- 
rubin values in the two dogs which devel- 
oped thrombosis of the renal vein-portal 
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Fic. 6. Serial serum bilirubins in the two trans- 
plant dogs which thrombosed the renal vein-portal 
vein anastomosis (2) contrasted to a typical trans- 
plant which did not (3) and a control dog from 
group A (1). 
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Host Liver: 








Transplant : 








Wt. Orig. Remaining Wt. at Orig. Wt. at 
Resected Wt. Wt. Sacrif. Wt. % Wt. sacrif. Wt. % 
70% 100% 30% 6wks. Change Change 100% 6 wks. Change Change 
255 364 109 280 171 157 290 185 —105 — 36 
Group 355 507 152 373 221 145 320 290 — 30 —9.4 
B 372 531 159 456 297 187 380 227 — 103 — 33 
297 424 127 396 269 212 430 401 —29 — 6.1 
405 579 174 544 370 213 210 221 11 52 
Mean — 337 144 183* 326 — 16* 
SD — +60 +26 +31 +84 +16 
350 500 150 580 430 287 
Group 275 393 118 425 307 260 
A 410 586 176 686 510 289 
290 414 124 600 476 384 
Mean— 331 142 305* 
+54 


S.D. — +62 27 








All of the above are fresh weights. The weights are not available for one dog in group B, while the two dogs who 
thrombosed their renal-portal anastomosis are considered separately (See text). 


vein anastomosis as contrasted to a repre- 
sentative transplant dog in Group B which 
did not, and a control dog from Group A. 
As the additional blood flow supplied to 
the portal tract by the renal vein is dimin- 
ished with thrombosis, the ability of the 
transplant to function effectively in clear- 
ing bilirubin is lost, and serum values rap- 
idly approach that of the control dogs. 

BUN and creatinine values were always 
within normal range in both groups and 
proteinuria was not a feature in the trans- 
planted dogs. 

c) Liver Weights. The estimate of gain 
in host liver weight during the post-hepa- 
tectomy period is based upon the measured 
weights of liver removed at initial opera- 
tion and at time of operative sacrifice 6 
weeks later, and the assumption that a 70% 
hepatectomy had been performed. In pre- 
viously described dissections of normal liv- 
ers, the portion of liver removed with this 
technic amounted to 71% + 0.5% of the 
total weight of the liver. All weights re- 
corded are fresh weights and not autopsy 
weights, often a source of considerable 
error and misinterpretation, being depend- 
ent upon the mode of death of the animal. 


A consistent increase in weight of the 
residual host liver always occurred in both 
groups, but was significantly more pro- 
nounced in the control group A—305 65 + 
54, than in the transplant group B with a 
well functioning transplant—183% + 31 (p 
< 0.005) (Table 1). The transplants with 
renal vein patent showed only a small de- 
crease in weight at the end of 6 weeks with 
a mean loss of —16% = 16. By contrast, the 
two dogs with the thrombosed renal vein- 
portal vein anastomosis, showed very 
marked atrophy of the transplanted liver 
with a weight loss of 35 and 72% respec- 
tively (Fig 12a). 

d) Isotope and Scan Studies. The con- 
siderable data gathered and the problems 
encountered in the interpretation of the si- 
multaneous uptake, clearance and scanning 
of both livers with the several isotopes 
used, will form the subject of a separate 
communication but is reported briefly at 
this time. 

The isotope technics allow one to obtain 
a good dynamic picture of the relative 
changes in size, blood flow and function of 
the two livers. The immediate good func- 
tion of this model is well illustrated in Fig- 
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(a) 


[F No. 210 - APR. 27 1970 - 6 PM 
6'* DAY POST 70% HEPATECTOMY + CDL 


Fic. 7. The residual 
host liver is well outlined 
with rose bengal one hour 
after injection. (a top, 
left). Twenty-four hours 
later there is still no clear- 
ance from the liver due 
to the ligated bile ducts 
(b top, right). Less than 
24 hours after insertion 
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(b) 
No. 210 - APR. 28 1970 - 6 PM l 
7™ DAY POST 70% HEPATECTOMY + COL 
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of an auxiliary transplant, 
the isotope is now seen 
in the bowel, having been 
cleared by the new liver 
(c bottom, left). A tech- 
netium scan done at the 
same time clearly outlines 
the two livers (d bottom, 
right). 


I" ROSE BENGAL SCAN 
TIME = 6! HRS. POST INJECTION 


(c) 


ure 7 utilizing the above technics. One 
hour after an initial dose of rose bengal 
131] the isotope is seen outlining the re- 
sidual liver of a dog 6 days after initial 
70% hepatectomy and bile duct ligation, 
now jaundiced (Fig. 7a). Twenty-four 
hours later (Fig. 7b), the isotope is still 
present in the liver with no excretion into 
the intestine, due to the ligated bile ducts. 
The animal was rescanned 36 hours later, 
18 hours after an auxiliary transplant had 
been inserted, without any further adminis- 
tration of rose bengal. The isotope is now 
seen cleared from both livers and present 
in the gallbladder and bowel (Fig. 7c), 
having been completely taken up and ex- 
creted by the new transplant. This corre- 
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No. 210 - APR. 30 1970 - 8 AM 
8' DAYS POST 70% HEPATECTOMY + CDL 
20 HRS. POST AUXILIARY TRANSPLANT. 
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99 M - Tc S Colloid Scan. 
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(d) 


lated well with a rapid fall in serum bili- 
rubin level. A technetium scan performed 
at that time (Fig. 7d) clearly outlines the 
position of the various organs and confirms 
the location of the rose bengal in the gall- 
bladder and bowel adjacent to the trans- 
plant. 

The scans confirmed the changes in 
weight, size and function of the livers. Rep- 
resentative rose bengal scan series from 
each group are seen in Figures 8 and 9. 
In control dogs (Group A), the residual 
liver is seen well one hour post-injection, 
while 24 hours later the dye has not been 
excreted, confirming obstruction of the bile 
duct. This pattern persisted throughout the 
6-week period, the liver increasing in size 





Fic. 8. Serial rose bengal “I scans one hour, 

(above), and 24 hours, (below), after injection of 

e isotope in a representative control dog from 
group A, over the 6-week period. 


during that time (Fig. 8). In contrast, in 
the transplanted dogs (Group B) at 1 
week, there is excellent uptake by both 
livers (Fig. 9) and 24 hours later, the dye 
is all in the bowel, having been excreted 
by the transplant with the patent biliary 
system. At 3 weeks the same pattern occurs 
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but the initial pickup in the transplant is 
greater than in the host liver. By 5 weeks, 
however, the initial uptake is greater in 
the host liver and at 24 hours, excretion 
is still incomplete, and the transplant ap- 
pears smaller. 

The changing size is better seen in the 
technetium scan series of the same dog 
(Fig. 10a). The definite increase in the 
size of the host liver is easily apparent with 
a slow decrease in size and function of the 
transplant and increased portal shunting to 
the spleen and lungs. A similar technetium 
scan series in a control dog from group A 
(Fig. 10b) demonstrates the larger residual 
liver which progressively increases with 
time. 

The rose bengal uptake curves proved 
most difficult of all to interpret for the 
reasons previously outlined, but generally 
correlated well with the bilirubin values 
and supported the pictures seen on scan. 
Figure 1l represents a composite of several 
rose bengal uptake curves of the same ani- 
mals seen in Figures 8 and 9, which have 
been retraced and superimposed for easy 
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Fic. 9. Serial rose 
bengal I scans one hour 
(above) and 24 hours 
(below) after injection 
of the isotope 1 week 
(a), 3 weeks (b) and 
5 weeks (c) after trans- 
plantation in a repre- 
sentative dog from group 
B. (See text for descrip- 
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Fic. 10. Serial techne- 
tium sulfur colloid scans 
in a representative trans- 
plant dog (a, top) and a 
control dog from group A 
(b, bottom) at the same 
period. The relative 
changes in size of the 
livers are well seen with 
this technic and are best 
appreciated in the bot- 
tom left corner of each 
scan where the number of 
counts has been further 
filtered. H = host liver; 
T = transplant liver; S = 
spleen. 


comparison. At 2 weeks (Fig. lla), the 
transplant is doing most of the "work," 
while its residual host liver below, takes up 
little after the initial rise which represents 
the liver vascular capacity. The top curve 
is a control dog from group A at the same 
stage. At 5 weeks (Fig. llb), the trans- 
plant uptake curve has flattened and is al- 
most parallel to the other two host livers 
which have common duct ligation. Thus 
while it is still a "good" liver, it appears 
with this technic to have a duct obstruc- 
tion pattern, and pathologically, this liver 
showed very good cell preservation but re- 
jection with bile stasis. 

e) Pathology 

(i) Group A: At the time of sacrifice, all 
control dogs showed marked evidence of 


(a) 


biliary obstruction with bile staining of 
most internal organs and membranes. In- 
trahepatic biliary pressure was high with 
dilated bile radicles on liver sectioning, 
usually containing dark green or white mu- 
coid bile. All vessels were patent except in 
one dog which had complete portal vein 


thrombosis with several liters of ascitic 
fluid present. Portal hypertension was evi- 
dent in all animals. A large active duodenal 
ulcer was present in the dog with portal 
vein thrombosis with "coffee-ground" ma- 
terial present in the stomach. All livers 
were grossly hypertrophied with rounded 
edges, mildly “hobnail” with mottled green 
areas, and were of darker color than nor- 
mal. The tissue was firm but not fibrous 
on sectioning. 


+ . ~ 

Fıc. 11. Composite Py eat o open 326 28M 
rose bengal hepatograms » = = > s 
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plant dog at 2 (a, right) 
and 5 (b, left) weeks 
after initial operation. 
Note that at 5 weeks, the 
transplant uptake curve 
has flattened and is al- 
most parallel to the other 
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two host livers which 
have common duct ob- 
struction. 


(b) 
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Liver architecture was well preserved 
microscopically, the outstanding feature 
being varying degrees of cholestasis, pre- 
dominantly centralobular, but also intra- 
canallicular and hepatocellular. In more se- 
vere forms, there were bile infarcts, duct 
proliferation and “onion skinning” around 
the larger biliary radicles. Two livers still 
showed evidence of active regeneration at 
6 weeks with mitosis and crowded cell 
cords. A common but unexplained feature 
in many of the livers was small patchy 
focal areas of cell necrosis with both mono- 
nuclear and polymorph infiltration. The 
kidneys showed mild degrees of bile stain- 
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Fic. 12 a. (top) Photo- 
graph of the livers of one 
of the dogs with a throm- 
bosed renal vein anasto- 
mosis. There is marked 
atrophy of the transplant 
on the right which was 
originally over 200 Gm., 
and tremendous hyper- 
trophy of the residual 
3095 host liver on the 
4 left. b. (bottom) photo- 
graph of the livers of a 
functioning transplant 
dog at the time of sacri- 
fice. The lessor hyper- 
trophy of the host liver 
and the relatively good 
sized transplant can be 
seen. 


ing in the tubules but were otherwise nor- 
mal with no significant differences between 
the weights of the two kidneys. 

(ii) Group B: The gross findings in the 
residual host livers in the transplant group 
were similar to those described for group 
A. There was, however, significantly less 
hypertrophy, a smoother surface and a more 
normal color. All vessels were patent and 
complete biliary obstruction was confirmed 
in all with no evidence of new biliary col- 
lateral channels. 

The transplants varied somewhat in size 
and appearance within the group. The livers 
were darker than the residual host livers, 
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Fic. 13a. The transplants #226 generally showed good hepatocyte preservation after 6 weeks, 
with only slight atrophy and mild bile stasis (H&E 150x). 


and were usually covered with a thick 
fibrinous pseudocapsule under which lym- 
phatic collections were frequently present, 
particularly between the lobes. The livers 
were generally softer and spongier than 
normal, but tended to be slightly gritty on 
cut section. The renal vein-portal vein anas- 
tomosis was totally thrombosed in two dogs, 
narrowed without thrombus in a third, and 
widely patent and functioning in the re- 
maining seven. In the former two, the trans- 
plants were both shrunken and atrophied. 
One had reduced symmetrically to the size 
of a rat liver (Fig. 12a). The remaining 
livers were generally of fair size (Fig. 129b) 
although several were undoubtedly smaller 
than when inserted and correlated with the 
decreases in weight (Table 1). 


The hepatic artery anastomosis was pat- 
ent in all transplants and the upper caval 
anastomosis open in all but one, around 
which collaterals had developed. The lower 
caval anastomosis between the suprahepatic 
vena cava of the transplant and the lower 
inferior vena cava of the recipient (the 
transplant being placed in the inverted posi- 
tion), was frequently the site of thrombus 
formation. In two animals, it was totally 
occluded at the suture line, below the en- 
trance of the hepatic veins, with extension 
of clot down into the legs, but not upward 
into the liver. Both of these animals devel- 
oped extensive retroperitoneal and abdom- 
inal wall venous collaterals. The livers were 
not engorged. A small quantity of ascites 
was present terminally in two dogs, while a 
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sizeable amount was present in three. In 
one animal it was grossly purulent, possibly 
related to a retained gauze sponge. Single 
small abscesses were found in two trans- 
plant and one host liver. Unlike the control 
dogs, superficial gastric erosions and ulcers 
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Fic. 13b. Varying 
degrees of typical re- 
jection #410. (H&E 
500.) 


were very common, being present in 40% 
of the transplant dogs, despite identical 
diet and immunosuppressive therapy in both 
groups. They were frequently multiple. 
The weight and size of the left kidneys 
were comparable with the right except in 


AUXILIARY LIVER TRANSPLANTATION 369 





Fic. 14. Photomicrograph of a section of liver from one of the dogs (#209) which throm- 
bosed its renal vein anastomosis. There is massive necrosis and replacement with scar tissue, 
with minimal residual hepatic tissue. (H&E 150X.) 


the two dogs with the thrombosis, in which 
they were grossly increased in size with ex- 
tensive networks of capsular collaterals. 
Small left capsular venous collaterals were 
occasionally seen only by venography, in 
the late stages, but reverse flow was never 
seen either by venography or at the time 
of sacrifice. 

Microscopically, the host livers showed 
less bile stasis than in Group A, and less 
cell crowding. Focal collections of leuco- 
cytes in irregular distributions were seen as 
in control dogs but were considerably more 
prominent and polymorph leucocytes were 
frequently seen in the sinusoids. The major- 
ity of transplants were remarkably well pre- 
served (Fig. 13 a) and cell necrosis and 


fibrosis was uncommon except in the two 
livers with renal vein thrombosis. These 
livers showed massive necrosis and scar tis- 
sue, collapsed reticulum framework, con- 
siderable acute and chronic inflammatory 
reaction, and only minimal residual hepatic 
tissue (Fig. 14). Mild atropic changes were 
present in most livers as evidenced by de- 
creased lobular size and smaller cells but 
this was very minimal in some livers, Clas- 
sical rejection with portal inflammatory in- 
filtration was seen in varying degrees (Fig. 
13 b) but was strikingly absent in some 
livers. Signs of vascular rejection were never 
seen. Inflammatory cells were occasionally 
seen around central veins and scattered 
patchy areas of focal necrosis with poly- 
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Fic. 15. Photomicrograph of a typical left kidney from a transplant dog in group B. (#226). 
It is perfectly normal. (H&E 100x.) 


morphs were frequently seen as in the host 
livers. Mild central bile stasis was also seen. 
One animal showed signs of septicemia 
and septic shock with bacterial colonies in 
both livers and kidneys and tubuloreflux 
seen in the latter. 

The left kidneys were indistinguishable 
histologically from the right at all times 
(Fig. 15) including the two dogs who had 
the renal vein thrombosis. 


Discussion 


Van Der Hyde and Schalm ** have postu- 
lated the concept of functional competition 
between two livers and have shown that 
increasing damage and insult to the host 
liver alone, irrespective of portal supply, 


results in better function and less atrophy 
of the homograft." Beaudoin et al. have 
also shown that when biliary obstruction of 
the host liver precedes transplantation, bet- 
ter homograft function is obtained.’ The 
possibility thus exists, that the demonstrated 
protective action of a portacaval shunt on 
the transplanted liver,*: 5 may be due to its 
known damaging effect on the hosts own 
liver with consequent stimulation of graft 
function, and not due to a specific portal 
trophic factor which becomes available to 
the graft as a result of the shunt. Further- 
more, failure of the earlier reported models 
in which inferior vena cava inflow was 
provided to the portal tract—the original 
Welch model—is possibly due to the open- 
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ing of performed collateral venous channels 
(Fig. 16) which bypass the relatively higher 
resistance intrahepatic channels, resulting 
in a low flow through this systemic venous 
—portal anastomosis, and an inadequate 
total inflow of blood with resultant atrophy, 
as in our two dogs who thrombosed their 
“portal” anastomoses. The low rate of pat- 
ency of this systemic venous anastomosis 
cited by experienced authors '* is further 
suggestive of a low flow state, and recent 
studies measuring serial blood flows and 
pressures in the systemic portal and arterial 
inflow systems, have shown that systemic 
venous blood flow to the liver in the Welch 
preparations, is very rapidly diminished." 

A 30% functioning residual liver with to- 
tal biliary obstruction was chosen to repre- 
sent a reasonable model of a clinically dam- 
aged host liver while the left renal vein was 
selected as a suitable means of providing 
adequate inflow to the portal tract of the 
transplant. 

The renal vein is particularly suited for 
use as portal inflow. (i) It is essentially 
an end vein with few preformed collaterals 
which are easily ligated. (ii) It has a high 
oxygen content. This is well illustrated in 
Table 2 which shows the mean oxygen con- 
tent in a group of seven ambulatory dogs 
with chronic indwelling catheters in the in- 
dicated vessels. A marked difference exists 
between the lower vena cava and the renal 
vein, especially after exercise. The renal 
vein oxygen content approximates that of 
the portal vein. (iii) Renal venous blood 
has been shown to be capable of maintain- 
ing both normal liver function and liver re- 
generation. We have previously utilized the 
left renal vein to support regeneration of 
the canine liver following hemihepatectomy 
with portacaval shunt (Fig. 17). These 
livers regenerated normally in 4 weeks with 
renal blood replacing portal blood, with no 
evidence of renal damage.” Ono et al? 
have demonstrated its ability to support 
normal liver function when a portarenal 
transposition is performed. (iv) With this 





Fic. 16. Preformed collateral venous channels 
which bypass the relatively higher resistance intra- 
hepatic channels are well seen here (arrows) on 
this venogram on the third day of a classical Welch 
auxiliary liver transplant. 


method of transplantation, the kidney itself 
is available for easy study of the "portal 
hemodynamics of the transplant with reno- 
grams, scans, and biopsy. (v) Finally, the 
possibility exists of readily and simply mea- 
suring “portal” flows using para-aminohip- 
puric acid clearances. Both kidneys can be 


TABLE 2. Mean Oxygen Content (7 Dogs) 











(Vol. %) 
Portal Renal Distal 
Vein Vein IVC 
At Rest 17.60 18.36 13.65 
Moderate 


Exercise 17.88 20.16 11.88 





Chronic indwelling catheters were placed in the 
indicated vessels. Samples were taken from the awake, 
unanesthetized animal and analyzed in a Van Slyke 
Apparatus. 
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E X 7 Portal vein 


IVC 


Fic. 17. A hemihepatectomy and portarenal 
transposition has been performed. Left renal vein 
blood replaces portal inflow. These livers regenerate 
normally in 4 weeks. c = caudate, RL = right lat- 
eral, RC = right central. 


assumed to have equal blood flows, if biop- 
sies and weights of the two kidneys at sacri- 
fice show no significant differences, which 
has been the case in our experiments. This 
is the greatest defect in almost all auxiliary 
transplant studies. One needs to be able to 
readily and repeatedly measure flow over 
a period of time without compromising the 
survival, and this technic offers this oppor- 
tunity. 

The model is technically feasible and the 
transplant can be easily removed. Figure 
18 illustrates our current model which 
works equally as well and in which the 
vena cava is not interrupted. We think this 
may have clinical applicability. It is simple 
to insert, and should the transplant be a 
poor one or rejected, or the host liver re- 
cover, it may be removed by tying the 
donor-recipient caval anastomosis, and re- 
implanting the renal vein. This model in 
fact, appears to function better than the 
original, avoiding the problem of frequent 
thrombosis of the lower caval anastomosis 
which may have been the result of turbu- 


Ann. Surg. > Mar. 1972 
Vol. 175 + No. 3 


lence created by the hepatic venous outflow 
draining downward and against the ceph- 
alad normal IVC flow, when the liver was 
inserted in the inverted position, and the 
anastomosis done end-to-end. It is, however, 
essential to properly anchor the liver later- 
ally when inserted in this fashion. 

Preliminary results are encouraging with 
this technic with excellent function for at 
least 4 weeks. Nonetheless, it still appears 
that these livers do atrophy, at least in some 
cases, and this is documented in early scans. 
This is not surprising, since in this model, 
the residual 30% host liver is healthy tissue 
not yet damaged by the simultaneous duct 
ligation and with an enormous portal blood 
flow. As well, 48 hours elapsed between 
host liver resection and insertion of the 
transplant. During this time, sufficient stim- 
ulus to DNA duplication may have occurred 
in the host liver, and with a large blood 
supply, it has a physiologic advantage over 
the transplant. While this is a desirable 
thing in the clinical situation where one 
would hope the host liver would recover, 
it tends to cloud the issues involved regard- 
ing whether or not the transplant can “sur- 
vive" without portal blood. Attempts to do 
all stages of the procedure at the same 
operation were unsuccessful. Further, it may 
well be that these transplant livers still have 
a decreased flow with time, for while the 
renal vein truely does have few performed 
collaterals, avoiding the problems asso- 
ciated with use of the vena cava, for 
hepatic inflow, it appears that renal capsu- 
lar collaterals are developed in the face of 
increased renal vein pressure, as might re- 
sult with increasing rejection of the trans- 
plant. One can even have total renal vein 
thrombosis with normal renal histology and 
function, as a result of these capsular ves- 
sels, if the obstruction is slowly progressive 
in nature, 
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Retrograde flow out the renal vein was 
not seen. It is possible that if we left the 
transplant in sufficiently long, and with 
enough rejection, this might develop. We 
are, however, not suggesting this method 
of vascularization on a long-term basis, but 
only as a means of temporary hepatic sup- 
port, or as the first stage of a multistage 
procedure in which portal blood might 
later be brought to the transplant. Several 
years ago, McDermott et al5 tried using 
the renal vein to augment liver blood flow 
after a portacaval shunt in two cirrhotic 
patients. Both later developed retrograde 
flow out this vein, but the kidneys at au- 
topsy were histologically normal. Thus, the 
potential for capsular venous collaterals 
might well be a favorable point in the use 
of this model. 

The two dogs which thrombosed the 
renal vein-portal vein anastomosis are of 
considerable interest and importance. Both 
showed marked atrophy and lack of func- 
tion despite the host liver damage, partial 
hepatectomy and excellent hepatic arterial 
inflow to the graft. This underlines the im- 
portance of the additional renal vein blood 
and of adequate total inflow of blood. 


Summary and Conclusions 


The hypothesis was made that auxiliary 
livers could function without portal blood 
or a portacaval shunt, provided adequate 
total flow is given to the transplant, and 
sufficient host liver damage exists. Such a 
model has been described utilizing renal 
vein blood as “portal” inflow to the trans- 
plant. In. preliminary studies, this model 
shows better survival and function than 
any previously reported with auxiliary liv- 
ers, short of deviation of total portal flow 
to the transplant. The renal vein inflow 
model would appear satisfactory, both tech- 
nically and physiologically, for use as a 
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Fic. 18. Schematic diagram of alternate model 
suggested for clinical use. 


temporary means of hepatic support, with 
the expectation that host liver function will 
not be impaired as a result of portal diver- 
sion, and potential recovery and regenera- 
tion possible, or as a simple but not irre- 
versible first step in a staged method of 
transplantation. 
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Malignant Vascular Tumors of Liver 
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and Allied Diseases, New York City 


THIRTY-NINE hemangioendotheliomas of 
the liver have been reported in the world 
literature in adult patients." * * * 1° 2° This 
report concerns five additional cases (four 
adults and one infant) seen at Memorial 
Hospital during the last 25 years. They 
constituted 3 per cent of patients treated 
for malignant liver tumors during this 
period. 

Hepatic sarcomas of vascular origin are 
rare. The site of origin of these tumors has 
not been settled as indicated by the many 
different terms used to describe this tumor, 
such as hemangioblastoma, Kupffer-cell sar- 
coma or angio-reticular-endothelial sarcoma. 
Kupffer-cells, veins or endothelium of other 
vascular structures within the liver being 
held responsible for their pathogenesis. 

Between January 1945 through Decem- 
ber 1969, 160 patients with malignant liver 
tumors were treated at Memorial Hospital, 
New York. Five of these patients had 
hepatic hemangioendotheliomas and the 
subsequent report based on this experience 
is listed in Table 1. 


Case Reports 


Case 1. W. M., a 41-year-old man, in August, 
1948 was admitted to another hospital for evalua- 
tion of epigastric pain, increasing weakness, fatigue 
and anorexia. Following initial tests, an explora- 
tory laparotomy revealed a tumor mass in the left 
lobe of the liver. Biopsy showed primary car- 
cinoma of the liver. No resection was attempted. 
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He was given a course of Pteropterin without evi- 
dent benefit. In December, 1948, the patient was 
admitted to Memorial Hospital. He was jaundiced 
and complained of severe abdominal pain. The 
positive findings were confined to the abdomen. A 
large, hard, irregular, non-tender mass was present 
which extended to the pelvic brim and filled the 
left upper quadrant. There was no evidence of 
ascites. There was pitting edema of the lower ex- 
tremities. Hemoglobin was 6.4 Gm./100 ml. hemato- 
crit 22%, serum bilirubin 4 mg./100 ml. and chest 
x-ray revealed elevated diaphrams. Other labora- 
tory investigations were within normal limits. 

An exploratory laparotomy was performed in 
January 1949. The left lobe of the liver was re- 
placed by a pliable brownish-yellow, extremely 
vascular tumor mass. The right lobe was seeded 
with scattered tumor nodules of similar appear- 
ance. The tumor extended to the left adrenal and 
to the upper pole of the left kidney. The bulky 
left liver lobe was resected because erosion and 
rupture of the vascular mass was iminent. The re- 
sected left lobe of the liver weighed 1,020 Gm. 
and was scattered with multiple brownish-yellow 
masses measuring from 9 X 6 X 5 cm. to 15X 6 X 5 
cm. Microscopically this tumor was characterized 
by pleomorphic spindle and round cells with some 
angiomatous dilatation of blood vessels and numer- 
ous syncytial types of giant cell formation (Fig. 1). 
On the 22nd postoperative day the patient was dis- 
charged still jaundiced which cleared after a 
month. The patient was able to resume his office 
work. Seven months after operation, rapid de- 
terioration occurred with deepening jaundice, pro- 
gressing hepatic coma, and on September 20th, 
1949, the patient died at home. Autopsy was not 
performed. 

Case 2. S. S., a 40-year-old housewife, was 
admitted to Memorial Hospital in July, 1957. Two 
months prior to admission, she experienced dull 
ache in the upper abdomen and periumbilical re- 
gion. Initially, the pain was intermittent and was 
not associated with any gastrointestinal symptoms. 
Three weeks later, the epigastric pain became con- 
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TABLE 1. Malignant Tumors of the Liver Treated at 
— ——————— ——— ——"— AM ME 





Name Race Sex Age Symptoms Physical Findings 
W. M. W M 41 Epigastric pain, anorexia, Hard, irregular right upper 
malaise, weight loss quad. mass jaundice, pit- 
ting edema 
ES EN W F 40 Interrmittent e»igastric Mass occupying the upper 
pain, upper abdom. abdomen 
mass 
1: R: W M 39 Right upper quadrant Large, irregular mass oc- 
pain, epigastric mass, cupying the rt. half of the 
progressive Jaundice abdomen and  epigas- 
trium 
| A 9 W M 62 Anorexia, malaise, dull Hepatomegaly,  ascites, 
epigastric pain, weight jaundice 
loss abdominal dis- 
tention 
B.J. N F 3 Abdominal distention, rt. Rt. upper quadrant mass, 
upper quadrant mass, ascites, massive abdomi- 
weight loss nal distention, pitting 
edema 





stant and, on self-examination, the patient dis- 
covered a large abdominal mass. Shortly thereafter, 
the patient was admitted to another hospital, and 
in June, 1957, underwent exploratory laparotomy 
which revealed a large, vascular tumor of the left 
hepatic lobe. Biopsy was abandoned because of 
profuse bleeding. 

Examination on admission revealed a slender 
woman who had a fresh right paramedian abdom- 
inal incision with sutures in place. A firm, smooth, 
non-tender 15 X 18 cm. mass was palpable, which 
occupied the epigastrium and both upper quad- 
rants. There was no evidence of ascites. Laboratory 
investigations were normal. 

In July, 1957, laparotomy was performed 
through the previous incision. A large vascular 
yellow-brownish tumor mass replaced the left lobe 
of the liver. This tumor was confined to the left 
lobe and projected from its undersurface 15 cm. 
Two separate tumor masses, measuring 4 X 3 cm. 
were present at the free anterior edge of the right 
lobe. A left hepatic lobectomy and wedge excision 
of the two masses from the right lobe were carried 
out. The tumor comprised numerous multiloculated 
cysts ranging in size from 8 mm. to 2 cm. in 
diameter. The wall of some of these cysts had 
smooth lining (Fig. 2). Others, however, were 
ragged. Microscopically the lesion was an angio- 
sarcoma. The postoperative course was uncom- 


plicated and the patient was discharged after 12 
days. She was followed as an out-patient until late 
1958, and was completely asymptomatic. In De- 
cember, 1958 a rapid downhill course developed 
with increasing dyspnea and progressively enlarg- 
ing abdomen. On January 15th, 1959, 16 months 
after operation she died. 

At autopsy, the angiosarcoma was widely dis- 
seminated within the liver and had metastasized 
to both kidneys, pancreas, spleen, left pleura and 
abdominal lymph nodes. No other pertinent gross 
findings were noted. Microscopically, sections of 
the tumor again revealed angiosarcoma. 

Case 3. T. R., a 39-year-old man, in Decem- 
ber, 1957, developed intermittent right upper 
quadrant abdominal pain with radiation to the 
right shoulder. The pain progressively became 
worse and narcotics were required to control it. 
A month later, a non-tender mass was noted in the 
right upper abdomen and epigastrium. The patient 
was hospitalized overseas and anti-amebic therapy 
was given which included Terramycin, Milibis and 
Chloroquin. The patient failed to respond to 
treatment and laparotomy was indicated. In March, 
1958, the abdomen was explored and an ill-defined 
mass was found within the enlarged right lobe of 
the liver. A biopsy was interpreted as wall of an 
amebic cyst. On the third postoperative day, the 
wound dehisced and secondary closure was carried 


MALIGNANT VASCULAR TUMORS OF LIVER 377 


Memorial Hospital Between 1945-1969 


oe 


Survival 
Predominant Last 
Tumor Size Location Treatment Treatment Autopsy Findings 


Ss 8585050 


Several large Lt. lobe Left hepatic lobectomy 7 months No autopsy 

masses up to 
15 x 6 X Sem: 

15 X 18 X 16 cm. Lt. lobe Left hepatic lobectomy 16 months Metastases in the rt. lobe of 
& wedge excision of the liver, kidneys, pan- 
right lobe creas, spleen, left pleura 

and paraaortic nodes 

Diffuse Both lobes Laparotomy only 3 months Diffuse involvement of both 

lobes of the liver, staphy- 
lococcal bronchopneu- 
monia, cholemic nephrosis 

Diffuse Both lobes — 3 months Diffuse liver involvement 

portal vein thrombosis 
metastases to spleen, pan- 
creas, lung and mediasti- 
num 

900 grams Lt. lobe with Extended left hepatic 27 months Diffuse involvement of rt. 


extention to 
anterosuperior 
portion of 
right lobe 


lobectomy, post- 
operative radiation 
therapy, reexploration 


lobe of the liver, metas- 
tases to both pleura 


BEENDEN A111 ll n 


out. Subsequently, the patient's general condition 
deteriorated and on March 3lst, 1958, he was 
transferred to Memorial Hospital. 

Examination revealed a cachectic, dehydrated, 
and deeply jaundiced man. A gaping infected right 
subcostal incision was present. A large, hard nod- 
ular tender mass filled the right upper and lower 
quadrant and epigastrium. There was evidence of 
ascites, and pitting edema over the lower abdom- 
inal wall, scrotum and both lower extremities. The 
positive laboratory findings included a white blood 
count of 15,800 with shift to the left, blood urea 
nitrogen was 32 mg./100 ml. total bilirubin 5.3 
mg./100 ml. and prothrombin time of 23.0 over 
12 control The chest x-ray revealed an elevated 
right diaphragm and atelectasis of the right lower 
lobe. 

Shortly after admission, the patient developed 
oliguria with progressive jaundice. His condition 
rapidly deteriorated and he entered a deep coma 
with complete renal shutdown and, despite thera- 
peutic efforts, died on April 11, 1959. 

At autopsy the markedly enlarged liver weighed 
6,800 Gm. The surface of the liver showed numer- 
ous tumor nodules of dark reddish color, measuring 
from 0.3 to 3 cm. in diameter. On cut section, the 
liver had numerous hemorrhagic tumor nodules 
ranging in size from few mm. to a few cm. (Fig. 
3). Microscopically the tumor was composed of 


interanastomosing vascular spaces of varying size 
lined by spindle-shaped cells with hyperchromatic 
nuclei (Fig. 4). The adjacent liver parenchyma 
revealed hemangiomatous spaces (Fig. 5). Other 
pertinent findings included staphylococcal broncho- 
pneumonia, cholemic nephrosis and infarction of 
the right adrenal gland. 

Case 4. V. L., a 62-year-old man was admitted 
to another hospital in November, 1969 for evalua- 
tion of increasing anorexia, malaise, constant dull 
epigastric pain, light jaundice and 20 pounds of 
weight loss. His tests included negative upper gas- 
trointestinal series and needle biopsy of the liver 
which was interpreted as extensive hepatitis. Sub- 
sequently, the patient's general condition deterio- 
rated with a rapidly enlarging abdomen, and on 
February 2, 1970 he was referred to Memorial 
Hospital. 

Examination revealed a chronically ill-appear- 
ing, mildly jaundiced man. Except for a few 
crepitant basilar rales bilaterally, the positive find- 
ings were confined to the abdomen. A stony, hard, 
nodular liver was felt extending 6 cm. below the 
costal arch in the mid-clavicular line. The ab- 
domen was massively distended and there was 
evidence of ascites. The spleen was not palpable. 
The positive laboratory findings included a white 
blood count of 34,200 with a shift to the left. The 
blood urea nitrogen was 65 mg./100 ml. total 
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bilirubin 4.2 mg./100 ml. and the urine was posi- 
tive for bile. 

A paracentesis was carried out which yielded 
150 cc. of grossly bloody, turbid fluid. Shortly after 
admission, the patient became oliguric and BUN 
rose to 111 mg./100 ml. On the third day after 
admission, the patient developed respiratory arrest 
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Fic. L (Case 
1) Angiosarcoma 
with pleomorphic 
spindle cells, angi- 
omatous spaces and 
syncytial giant cells 


(H&E X250). 


accompanied by ventricular fibrillation. Following 
resusitation, a transvenous pacemaker was inserted, 
because of persistent third degree heart block. 
Despite therapeutic efforts, he died on February 
6, 1970. 

At autopsy, the liver weighed 2,700 Gm. and 
showed extensive hemorrhage on its external sur- 
face. On the inferior aspect there were three large 
yellow tumor masses which were softer than the 
hepatic parenchyma. The cut section revealed nu- 
merous small round nodules from 0.3 to 0.6 cm. 
in diameter separated by bands of fibrosis. Sev- 
eral irregularly distributed areas of hemorrhage 
infarcts were also present. The portal vein was 
completely occluded by a recent thrombus. About 
1,500 cc. of bloody ascitic fluid was found in the 
abdominal cavity. Multiple metastatic tumor nod- 
ules were present in the spleen, pancreas, lung and 
mediastinal lymph nodes. 


| —— —— 


Fic. 2. (Case 2) left hepatic lobectomy with 
wedge resection of two masses from the right lobe 
of the liver. Note the numerous cysts. 
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Fic. 3. (Case 3) Cut surface of liver at autopsy 
with numerous hemorrhagic nodules and cystic 
degeneration. 
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Microscopically the tumor proved to be an 
angiosarcoma. 

Case 5. B. J., a 3-year-old girl, was admitted 
to another hospital in January, 1953 for investiga- 
tion of an abdominal mass and anemia. Shortly 
thereafter, she underwent exploratory laparotomy. 
A large, bulky tumor replacing the left lobe of 
the liver was found which extended to the antero- 
superior portion of the right lobe. The tumor was 
resected except for an area around the hepatic 
artery. The specimen weighed 900 Gm. and the 
pathologic report was hepatoblastoma. Fifteen 
months later, progressive enlargement of the ab- 
domen was noted. Re-exploration was carried out 
in June, 1954 to resect the residual tumor, but dif- 
fuse involvement of the right lobe was encoun- 
tered. Postoperatively, the child received 2,000 
rads tumor dose irradiation to the right abdomen 
with a 1,000 KV machine. Moderate shrinkage of 
the tumor was reported following the therapy. In 
December of the same year, episodes of severe 
epistaxis, anemia and progressively enlarging liver 


Fic. 4. (Case 
3) Malignant hem- 
angioendothelioma 
featuring interanas- 
tomosing vascular 
spaces lined up 
isis hyperchro- 
matic cells ( H&E 
x250}. 


Q3 
~J 
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necessitated readmission. The child received an 
additional 1,000 rads tumor dose irradiation, again 
with a transient decrease in the liver size. Because 
of increasing abdominal pain, malaise, anorexia 
and anemia, the child was hospitalized for the 
third time in March, 1955. The abdominal cavity 
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Fic. 6. (Case 5) Multiple hemorrhagic tumor 
nodules replacing the right lobe of the liver. Left 
lobe infiltrated by nonhemorrhagic tumor. 
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Fic. 5. (Case 
3) Adjacent liver 
parenchyma show- 
ing hemangioma- 
tous vascular spaces 
with chronic in- 
flammation ( H&E 
x100). 


=, * 4 < 
ASA 


"vf. 9 


was almost completely filled with a non-tender 
nodular mass. Hemoglobin was 5 mg./100 ml. 
because of the progressive downhill course, the 
patient was referred to the Memorial Hospital for 
consideration of further therapy. 

Examination on admission revealed a cachectic, 
orthopneic, alert girl. The abdomen was massively 
distended with a congested venous pattern. A hard 
mass occupied the entire right and upper left 
abdomen. There was evidence of ascites. The an- 
terior abdominal wall, and both lower extremities. 
were markedly edematous. The chest x-ray showed 
elevation of both leaves of the diaphragm and 
collapse of the right lower lobe. The day after 
admission, paracentesis was performed and 1,000 
cc. of straw-colored cloudy fluid was removed, 
which rapidly reaccumulated. Repeated abdominal 
taps, with removal of 2,000 cc. fluid, were carried 
out to improve respiratory function. The subse- 
quent course in the hospital was rapidly downhill 
and, on May 2, 1955, the patient died. 

At autopsy, the liver weighed 3,000 Gm. and 
was firm. On cut section the liver parenchyma 
contained numerous irregular nodules. The left 
lobe of the liver appeared to be absent and a 
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Fic. 7. (Case 5) Ma- 
lignant hemangioendothe- 
lioma featuring well-de- 
fined vascular spaces lined 
by hyperplastic endothe- 
lial cells (H&E X250). 


large portion of the right lobe was replaced by 
firm grayish yellow tumor (Fig. 6). The stomach, 
colon and duodenum were adherent to this portion 
of the liver. The hemorrhagic tumor nodules mea- 
sured 0.5 to 1 cm. Multiple metastatic tumor nod- 
ules were present on the pleural surfaces bilaterally. 

Microscopically, the neoplasm proved to be 
angiosarcoma composed of well defined vascular 
spaces filled by blood and lined by hyperplastic 
endothelial-like cells. In other areas the tumor ap- 
peared to be more solid and sarcomatoid (Fig. 7). 


Discussion 


Hemangioendothelioma of the liver is a 
rapidly progressing fatal disease especially 
in adults. Its unique clinical features include 
rapid liver enlargement with hemorrhagic 
ascites, fast deterioration and cachexia. In 
children the disease may be different. The 
clinical characteristics of the tumor may re- 
semble the common hemangioma of skin 
and could undergo spontaneous regression 





and even complete cure, as it was empha- 
sized by Edmondson,’ Crocher ë and Miller 
and associates.!5 

Of the 37 reported cases of hemangio- 
endothelioma of the liver in infants,? six 
long-term survivals have been recorded,” *: 
?:15 1? four followed surgical resection, one 
survivor had subsequent radiation therapy 
and one had spontaneous regression. All 
these children were younger than one year 
of age. Further clinical peculiarity of the 
malignant vascular liver tumors in infants, 
the occasional development of high output 
cardiac failure, secondary to the massive 
arterial-venous shunt within the tumor sub- 
stance. Because of these behavior differ- 
ences between the hepatic hemangioendo- 
theliomas in children and adults, Vide- 
baek °° proposed to classify them on clinical 
grounds as infantile and adult type. As a 
rule the cause of death in children is inani- 
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tion and pulmonary failure due to compres- 
sion of the gastrointestinal and respiratory 
tracts by the rapidly enlarging tumor. The 
baby girl reported here survived 27 months 
and succumbed to respiratory insufficiency. 

The clinical picture in adults invariably 
presents with a rapidly enlarging abdominal 
mass accompanied by general malaise, ano- 
rexia and weight loss. Ascites, usually hem- 
orrhagic is frequently seen. Three of the 
five patients in this series developed mas- 
sive ascites early in the clinical course. 
Jaundice is common. The most likely ex- 
planation of the icterus is mechanical ob- 
struction at the intrahepatic bile duct level. 
This was demonstrated in two of our pa- 
tients on autopsy. However, occasionally 
the extensive destruction of the liver paren- 
chyma could be responsible for the elevated 
bilirubin levels. The rapid hepatic enlarge- 
ment is responsible for the epigastric and 
right upper quadrant pain. Pitting edema 
of the abdominal wall and lower extremities 
with increased venous pattern over the dis- 
tended abdomen was characteristically pres- 
ent in four of our five patients. Hastings- 
James ^ described a typical vacular hum 
heard on auscultation over the hepatic re- 
gion. Geschicter and Keasby " observed 
skin hemangiomas associated with hepatic 
hemangioendothelioma. Neither of these 
signs were present in our series. Hypercal- 
cemia, which was described in two of the 
reported cases * was not observed. 

Since Fischer? described this entity in 
1913, the question of the origin of these 
tumors has not been settled. There is a con- 
troversy as to the relationship, if any, be- 
tween cirrhosis and hemangioendothelioma. 
Although there are several reports + +8 which 
consider the possibility that angiosarcoma 
arose in previously cirrhotic liver, in our 
five patients none had pre-existing cirrhosis. 

Hepatic hemangioendothelioma has been 
reported in man following injection of 
Thorotrast. The colloidal solution of thor- 
ium dioxide, which was used earlier as a 
contrast material in diagnostic radiology, 
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excreted only in small amounts and most of 
it deposited in the reticuloendothelial sys- 
tem. This radioactive material acts as a 
chronic source of hepatic irritation and after 
a latent period of 15 years or more may 
produce hepatic hemangioendotheliomas. 
Since the first report of MacMahon and 
associates in 1947," approximately 50 cases 
were recorded in the literature. Looney " 
analyzed 20 such patients all of which 
elicited a mean latent period of 18 years 
from the administration of Thorotrast to 
the tumor induction. The patients in this 
study had no exposure to Thorotrast. 

In our five patients the gross appearance 
of the liver showed multiple hemorrhagic 
nodules of various sizes. Spongy, cavenous 
areas with numerous cysts were present. 
Thrombi with large areas of infarction and 
necrosis were commonly seen. In one of the 
patients (Case 4) this was evident in addi- 
tion to portal vein thrombosis. 

Microscopically all five cases were char- 
acterized by a diffuse proliferation of inter- 
anastomosing blood vessels lined by prom- 
inent endothelial-like cells. Giant cells were 
observed in one patient. In all of our pa- 
tients the vascular component of these le- 
sions was prominent. 

Spontaneous rupture of a large malignant 
vascular tumor is associated with a very 
poor prognosis. Dassel® and Godel !? re- 
ported uncontrollable bleeding with subse- 
quent massive rupture of the tumor into the 
peritoneal cavity. Aspiration or biopsy of 
these vascular tumors is hazardous and 
might initiate exsanguinating hemorrhage, 
therefore they are contraindicated. 

In adults the disease, if it is untreated, 
is invariably fatal and characterized by a 
rapid progressive downhill course leading 
to death generally within 6 months. 

Early diagnosis is the key for the suc- 
cessful management. The four adult pa- 
tients herein reported underwent treatment 
in far advanced stages of the disease, and 
therefore, only palliation could be offered 
to them. Two of these patients underwent 
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hepatic lobectomy because the bulk of the 
disease was localized to one of the lobes. 
Those who underwent resection survived 
7 and 16 months, respectively, versus the 
two in whom no resection was carried out 
and survived only 3 months. The only child 
in this series subsequent to hepatic lobec- 
tomy received radiation therapy with tem- 
porary regression of the tumor mass, result- 
ing in a 27-month survival. 

If the diagnosis is made early, and the 
disease is localized to one of the hepatic 
lobes, resective operation might prove to be 
curative. When the tumor is diffuse but 
confined to the liver, total hepatectomy 
with orthotopic liver transplantation could 
save the patient. It is our conviction that 
aggressive surgical attack in the early stages 
of this otherwise hopeless disease, will im- 
prove the therapeutic results. 


Summary 


Of the 160 patients with malignant he- 
patic tumors treated at Memorial Hospital 
during a 25-year period, five had malignant 
vascular tumors. The cases of four adults 
and a child with hepatic hemangioendo- 
theliomas is reported. The disease, if un- 
treated, rapidly progresses to a fatal illness 
with an average survival period of 7 months 
for adults. Early diagnosis and resective sur- 
gical treatment if the disease is confined 
to a hepatic lobe might be curative. In dif- 
fuse liver involvement, a liver transplant 
can be considered. Palliative lobectomy in 
two patients doubled the survival time. A 
3-year-old girl survived 27 months after 
hepatic lobectomy and radiation therapy. 
The rational for aggressive approach in 
children is emphasized. 
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Peritoneal Lavage Treatment in Experimental Peritonitis 
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DirFusE peritonitis secondary to gangre- 
nous bowel segments results in exposure of 
a large absorptive surface to bacteria, their 
endotoxins and toxic products formed by 
the interaction of bacteria and blood. Filler 
and Sleeman ? have demonstrated an initial 
decreased absorption rate from the peri- 
toneal cavity secondary to peritonitis caused 
by a mixture of Escherichia coli and hemo- 
globin. The lethality of the inoculum was 
attributed to the decreased clearance of 
bacteria from the peritoneal cavity, permit- 
ting their continued growth and the pro- 
duction of soluble absorbable toxins. Since 
the abdomen is a closed cavity, irrigation 
with large amounts of fluid to remove these 
bacteria and toxic products should be effec- 
tive in the treatment of late peritonitis. 
There remains a lack of convincing evi- 
dence, however, that the application of this 
principal will affect the outcome of peri- 
tonitis unless applied very early in the dis- 
ease process or in combination with anti- 
biotic treatment. This study was designed 
to evaluate the role of intermittent peri- 
toneal lavage in the treatment of late peri- 
toneal sepsis secondary to a gangrenous 
loop of ileum. 


Material and Methods 


After a 16-hour fast, adult 1nale mongrel 
dogs weighing 12 to 20 Kg. were anes- 
thetized with intravenous pentobarbital and 
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operated upon under sterile conditions. A 
10 cm. section of ileum located 10 to 15 em. 
from the cecum was isolated, and the two 
ends closed with a silk ligature. The arterial 
supply to the loop was doubly ligated with 
a silk ligature. Gastrointestinal continuity 
was reestablished by a continuous single 
layer silk anastomosis (Fig. 1). The right 
paramedian incision was closed with two 
continuous layers of silk sutures. The omen- 
tum was not removed. This method of creat- 
ing peritanitis seemed reasonably analogous 
to the clinical situation, with the gradual 
development of peritonitis from a focal 
point in the peritoneal cavity. 

Percutaneous Catheter Placement. Con- 
trol animals were given 500 ml. of intra- 
venous saline solution during the operation 
and again at 24 and 48 hours. Food and 
water were then given ad lib if the dog was 
still alive. 

Test animals were given the same intra- 
venous fluid therapy. At 24 hours, the dog 
was lighily anesthetized and a dialysis 
catheter was inserted through a percuta- 
neous steel trochar. The peritoneal cavity 
was then infused with 500 ml. of lactated 
Ringer’s solution. This was left in place for 
10 minutes and was then drained off through 
the same catheter. This procedure was re- 
peated to give a total volume of 2 to 4 litexs 
of wash solution. The end point of the 
dialysis was a change of the returning solu- 
tion from a red-brown, foul-smelling fluid 
to a pink or straw colored and odorless 
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solution. If the animal survived, this pro- 
cedure was repeated 48 hours after the 
operation. No antibiotics or other drugs 
were added to the dialysate, and no anti- 
biotics were given to the animals by any 
other route. Complete return of the lavage 
fluid within 100 ml. was obtained in all 
experiments. 

Operative Catheter Placement. A sec- 
ond test group had the same avascular ileal 
loop created. These dogs were re-operated 
upon at 24 hours and the remains of the 
loop were removed. No effort was made to 
remove fluid by suction or to break down 
loculations in the peritoneal cavity. Dialysis 
catheters were inserted into the left upper 
quadrant and both lower quadrants. The 
abdomen was then closed and lavage was 
immediately performed, using 2 to 4 liters 
of Jactated Ringer’s Solution. These animals 
were given only this single period of lavage. 
Control animals for this group were treated 
in the same way except no catheters were 
left in place at the second operation and no 
lavage was performed. 

Aerobic bacterial colony counts were per- 
formed on the peritoneal fluid before and 
after dialysis in order to test the effective- 
ness of lavage in reducing peritoneal bac- 
terial flora. 


Results 


Table 1 summarizes the results in both 
groups of dogs. 

Percutaneous Lavage. Ten dogs were 
controls and all died between 24 and 84 
hours after the initial operation. At autopsy, 
diffuse peritonitis with foul-smelling, bloody 
fluid was present in every instance. Anas- 
tomotic leak was present in one dog so that 
the severe peritonitis was due solely to the 
isolated loop in 9096 of the dogs. 

Seven out of 20 dogs treated by percuta- 
neous lavage survived. When sacrificed, 14 
to 36 days later, there was no evidence of 
peritonitis except in one dog which had a 
10 milliliter collection of pus contained in 
the small bowel mesentery. No remains of 





Fic. I. Illustration of experimental preparation. 


the avascular loop could be found in any of 
the dogs. Thirteen dogs died despite peri- 
toneal lavage. At autopsy, 500 ml. or more 
of foul-smelling, bloody fluid was found in 
1l, and the other two had localized collec- 
tions of pus in the right lower quadrant. Àn 
anastomotic leak was present in six dogs. 
However, in four of these, death occurred 
6 to 12 hours after lavage. The quantity 
and diffuse distribution of the fluid, together 
with its bloody character, strongly suggested 


TABLE 1 
Percutaneous Anasto- 

Flacement No. Survivors motic Leak 
Controls 10 0 1 
Treated 20 7 6 
Operative 

Flacement 

‘Controls 5 0 1 
Treated 6 2 1 


Results of peritoneal lavage treatment in two groups 
of dogs. Survival in the treated group is significantly 
different from the control group. (p < 0.009; Fisher 
exact test.) 
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TABLE 2 

Dog # Initial Final Outcome 
717 > 105 0 Survived 
720 > 105 0 Survived 
734 > 105 100 Survived 
529 > 105 0 Survived 
660 105 200 Died 
679 1.5 x 10* 300 Died 
689 105 1,800 Died 
705 > 105 0 Died 


Aerobic bacterial colony counts before and after 
dialysis. 


that the fluid had been present at the time 
of the lavage. Certainly, in the seven dogs 
without anastomotic leak, technical failure 
of the lavage was clearly indicated by the 
quantity of fluid present at autopsy despite 
an apparently successful lavage performed 
6 to 12 hours earlier. 

Operative Catheter Placement. Five 
control dogs died with diffuse peritonitis, 
again demonstrating the lethality of the 
. control preparation. In the dialyzed group, 
two animals survived and had negative 
autopsies when sacrificed. Two animals 
died with large collections of peritoneal 
fluid despite what appeared to be a suc- 
cessful lavage. One animal died 4 days after 
operation with peritonitis due to an anasto- 
motic leak. The final dog died from aspira- 
tion pneumonia shortly after lavage. The 
peritoneal cavity appeared clean at autopsy. 
Survivorship in this small series was similar 
to percutaneous lavage and, once again, the 
dialysis was technically unsatisfactory in 
one third of the cases. 

Aerobic bacterial counts showed a dimi- 
nution to essentially zero in four dogs which 
survived (Table 2). However, in four others 
with decline to very low levels, the animals 
died within 12 hours of the lavage and large 
collections of bloody foul-smelling fluid 
were present. The decline of bacterial 
counts in the effusate once again indicates 
technical failure of the lavage fluid to com- 
municate with large quantities of infected 
peritoneal fluid. 
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Discussion 


Peritoneal lavage has been shown to be 
effective in various experimental models 
when applied shortly after the induction of 
peritonitis. Artz et al! demonstrated in dogs 
that antibiotics plus irrigation of the ab- 
dominal cavity within 15 minutes after in- 
traperitoneal injection of a fecal suspension 
statistically increased the survival rate com- 
pared to control animals treated with anti- 
biotics alone. This increased survival rate 
was no longer present if a 2-hour delay was 
allowed before irrigation. Sleeman et al. 
demonstrated increased survival in rats 
when irrigation was carried out within 8 
hours following the induction of peritonitis 
but, at 12 hours, lavage was completely 
ineffective. Similarly, in other experiments, 
lavage alone as a treatment of late peri- 
tonitis was ineffective in dogs ? and guinea 
pigs.* 

This series of experiments has demon- 
strated that peritoneal lavage can increase 
survival rates even when no other form of 
treatment is employed. At first glance, sur- 
vival rates of 35% may not seem excep- 
tional, but this experiment was deliberately 
designed to be a severe challenge for peri- 
toneal lavage. No antibiotics were used sys- 
temically or in the dialysate and peritonitis 
was allowed to develop for an 18- to 24- 
hour period before treatment was begun. 
Ceratinly, in the clinical application of this 
technic, antibiotics should be employed, 
since they have been clearly demonstrated 
to improve survival in bacterial peritonitis. 

Problems with technical management of 
the irrigation were evident in these studies. 
The high incidence of anastomotic leaks in 
the percutaneous lavage series raises the 
possibility of perforation by catheter place- 
ment and/or manipulation to provide good 
drainage. Although lavage served to remove 
both blood and bacteria from the peritoneal 
cavity, as judged by dialysate color and bac- 
terial counts, 13 dogs died shortly after 
what appeared to be a successful lavage. 
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Large quantities of loculated fluid were 
found at autopsy, indicating failure of the 
dialysis solution to reach all areas of the 
peritoneal cavity. This re-emphasizes the 
need to manually break down all loculations 
and abscesses so that the irrigating fluid 
may reach the infected material. No such 
attempt was made in this series and prob- 
ably accounts for the high failure rate to 
completely remove infected fluid. McKenna 
et al* have demonstrated good dispersion 
- of lavage fluid in human beings with opera- 
tive placement of multiple catheters after 
thorough irrigation of the peritoneal cavity 
during laparotomy. These technical prob- 
lems also suggest that large animals with 
rigid rib cages represent a superior experi- 
mental model for the treatment of diffuse 
peritonitis; they do not present the tech- 
nical advantage of manual dispersion of 
fluid by external compression that is so 
readily possible with small animal models. 
What remains unanswered is the value of 
prolonged dialysis as compared to opera- 
tive lavage with or without a short period 
of postoperative dialysis. In the very small 
series utilizing operative catheter place- 
ment, a single postoperative lavage period 
was as effective as lavage administered at 
both 24 and 48 hours. 


Summary 


A total of 41 dogs were prepared with 
an isolated avascular ileal loop to produce 
peritonitis. Fifteen dogs received only intra- 


venous fluid treatment, resulting in a 100% 
mortality. Twenty-six dogs were treated 
with peritoneal dialysis and nine of these 
(35% ) survived and returned to full health. 
Lavage served to remove both hemoglobin 
and bacteria, as judged by the dialysate 
color and bacterial counts. Each dog which 
died, except one, had significant peritonitis 
at autopsy. This wes due to technical fail- 
ure of the dialysis to remove large amounts 
of loculated fluid. 
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The Glove Starch Peritonitis Syndrome 
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GLovE starch peritonitis is an increasingly 
common surgical iatrogenic disease that is 
responsible for serious postoperative mor- 
bidity and complications. It is preventable 
disease, but its occurrence is not generally 
appreciated by the surgical profession. This 
report will add to the increasing experience 
with starch peritonitis and will draw con- 
clusions relative to etiology, recognition of 
the clinical presentation and measures di- 
rected at treatment and prevention. 

In the 1940's because of the major prob- 
lems associated with tale peritonitis and ad- 
hesion formation, investigation was carried 
out to find a substitute for tale (magnesium 
silicate). A variety of agents including mag- 
nesia, magnesium stearate, potassium bi- 
tartrate and several modified forms of corn 
starch were tried. Lee and Lehman? in 
1947 and McQuiddy and Tollman ® in 1948 
presented the clinical and experimental 
work that established modified corn starch 
as the substitute of choice. Lee and Lehman 
categorically stated that “complete absorp- 
tion of starch by the peritoneum without 
inflammatory reaction and without forma- 
tion of adhesions” occurs. McQuiddy and 
Tollman? similarly declared “our work 
shows that a chemically modified starch 
powder (Biosorb) when placed in the tis- 
sues of animals is non-irritating and is 
readily absorbed from the peritoneal cav- 
ity.” By the 1950's this agent was almost 
universally used by the glove manufactur- 
ing industry. 

Although sporadic reports of granuloma- 
tous peritonitis due to starch have appeared 
in the surgical literature over the past 20 
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years beginning with the first case report in 
1956 by McAdams ? there has been an al- 
most universal assumption among surgeons 
that starch is a completely non-reactive sub- 
stance. Bates? in an excellent review of the 
problem in 1965 was able to collect only 15 
cases including one of her own from the 
English literature. In 1970 Dutra ? collected 
15 new cases, Harsh ë reported three more, 
and that same year Taft? reported ten 
additiona. ones. 

Conflicting animal data have been pre- 
sented, but as early as 1952 Graham and 
Jenkins * reported a study of three starch 
derivatives and a variety of other talc sub- 
stitutes on five animal species. Although 
they demonstrated the superiority of modi- 
fied corn starch and the other agents over 
tale, foreizn body reactions occurred with 
all materials tested. They concluded that 
“modified starches appear to be the most 
practicable substitute for talc available at 
the present, but that further effort to pro- 
duce a substance which is entirely com- 
patible with human tissue is needed." In 
1952 Lee * produced peritoneal reaction in 
dogs with modified corn starch, contradict- 
ing his earlier report. 

In spite of these adverse experimental 
findings there has been no change in this 
aspect of the glove manufacturing process 
in the intervening years. Primary cause for 
this inactivity, we believe, is the unwar- 
ranted coraplacency regarding starch due 
to the highly favorable reports in the sur- 
gical litera:ure in the 1940's. In this context, 
it is worth noting that many years elapsed 
before the pernicious effects of tale were 
recognized and this damaging agent was 


Symptom 
Free 
Interval 


Initial Data 


45 y.o. M. 
Vagotomy & 
Pyloroplasty. 
Disch. 7 d.p.o. 


32 y.o. F. 
Hysterectomy. 
Disch. 6 d.p.o. 


41 y.o. F. 
Hiatal hernia 
repair. Disch. 
7 d.p.o. 


43 y.o. F. 
Cholecystoectomy 
& Tubal lig. 
Disch. 8 d.p.o. 


54 y.o. F. 
Cholecystectomy, 
Disch, 5 d.p.o. 


61 y.o. M. 
Gastrectomy. 
Disch. 10 d.p.o. 


65 y.o. M. 
Cholecystectomy. 
Disch. 7 d.p.o. 


prohibited from operating room use. We 
believe a similar situation currently exists 


with cornstarch. 
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10 d. 


9 d. 


22 d. 


16 d. 


25 d. 


23 d. 


TABLE 1. Confirmed Cases of Starch Peritonitis 


New Clinical 
Picture 


Abdominal pain; 
fever; upp. abd. 
mass. Pre-op dx: 
“Intra-abdomi- 
nal Abscess.” 


Abdominal] pain; 
fever; ? pelvic 
mass, Pre-op dx: 
“Pelvic abscess.” 


Cramps; abdominal 
pain; fever. Pre- 
op dx: "Acute 
sigmoid di- 
verticulitis" 


Cramping abdomi- 
nal pain; fever. 
Pre-op. dx: 

“Small bowel ob- 
struction with 
peritonitis.” 


Abdominal pain; 
fever. Pre-op. dx: 
“Acute appendi- 
citis.” 


Nausea; vomiting; 
minimal pain. 
Pre-op. dx: 
“Stomal ob- 
struction.” 


Symptom free. 
Re-operated for 
aortic aneurysm 
found at initial 
operation 3 mos. 
before. 


Scope of Report 


This report will include the following: 
(1) a presentation of a group of proven 


Laboratory Operative 
Data Findings 
WBC 9,100, Omental mass. 
2% Eos. Countless peri- 
(0 pre-op.) toneal implants. 
WBC 11,700, Omental mass. 
5% Eos. Countless peri- 
(1% pre-op.) toneal implants. 
WEC 8,800, Omental mass. 
2% Eos. Countless peri- 
(2% pre-op.) toneal implants. 
WBC 11,400, Countless peri- 
4925 Eos. (0 toneal implants. 
pre-op.) 
WBC 10,100, Omental mess. 
9% Eos. Countless peri- 
(0 pre-op.) toneal implants. 
WBC 8,800, Omental mass 
5% Eo;. producing stomal 
(295 pre-op.) obstruction. 
WEC 9,700, Countless peri- 
5% Eos. toneal implants. 
(1% pre-op.) 
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Postop. Course 


Crit. ill; severe ileus. 
Disch. 18 d.p.o. 
Continuing prob- 
lems. Biopsy of in- 
cisional hernia 20 
mos. later showed 
caseous necrosis 
with starch. 


Crit. ill; severe ileus. 
Disch. 15 d.p.o. 
Continuing symp- 
toms 6 mos. 


Uncomplicated 
course. Cortico- 
steroid Rx. Disch. 

7 d.p.o. Con- 
tinuing symptoms 
6 mos. 


Crit. ill; severe ileus; 
Cortico-steroids 
Rx. disch. 16 d.p.o. 

Continuing symp- 
toms 7 mos. 


Crit. ill with high 
fever; ileus. Disch. 
8 d.p.o. Continu- 
ing symptoms 6 
mos. plus wound 
complications. 


Ileus & prolonged 
stomal obstruc- 
tion. Cortico- 
steroid Rx. Disch. 
69 d.p.o. 


Uncomplicated ex- 
cept for prolonged 
unexplained fever 
and  eosinophilia. 
Disch. 12 d.p.o. 


and clinically suspected cases of starch peri- 
tonitis; (2) an effort to systematize this 


postoperative complication as a syndrome 
that can be recognized clinically without 
resort to needless and harmful secondary 


operations; (3) the hypothesis that this en- 
tity may be a hypersensitivity reaction and 
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TABLE 2. Clinically Suspected Cases 





Symptom 
Free New Clinical 
Initial Data Interva! Picture 
27 y.o. M. 14 d. Abdominal pain, 
Vagotomy & tenderness & 
gastroenterostomy fever. ? mass. 
Neg. x-rays of 
abdomen & 
GI series. 
32 y.o. F. 11 d. Abdominal pain, 


Laparotomy for fever. X-rays 
“Acute abdomen. consistent 

18 d. post-partum. with paralytic 
Free peritoneal ileus. 

fluid. Appendect- 


omy performed. 


33 


49 y.o. M. 17 d. Abdominal pain, 
Vagotomy & tenderness & 
hernia repair. fever. X-ray 
Disch. 5 d.p.o. consistent with 

paralytic ileus. 

51 y.o. M. 21d: Abdominal pain, 
Cholecystectomy tenderness & 
Disch. 6 d.p.o. distention. 

A-rays con- 
sistent with 
paralytic ileus. 


35 y.o. F. 19 d. Abdominal pain, 
Cholecystectomy tenderness & 
Disch. 7 d.p.o. anorexia. | 

50 y.o. F. 12 d. Abdominal pain, 
Cholecystectomy tenderness, 
Disch. 7 d.p.o. fever. 


is ameliorated by corticc-steroids; (4) a 
strong recommendation to operating per- 
sonnel to remove all starch from their gloves 
prior to operation; and (5) an appeal to 
the glove industry to develop a substitute 
for starch or to produce starch-free gloves. 


Material (Tables 1 and 2) 


Number of Cases. During a 2-year pe- 
riod from 1968 to 1970 seven proven cases 
and six clinically suspected cases of starch 
peritonitis were seen at the authors’ hos- 
pital, a 400-bed private non-teaching hos- 


Laboratory Data Treatment & Course 

Treated symptomatically. Nc 
steroids. Subsidence of 
acute symptoms after € 
days. Symptoms fully sub. 
sided after 4 weeks. 


WBC 10,0C0, 
2%. Eos. (1% 
pre-op.) SGOT, 
amylase, bili- 
rubin negative. 


WBC 7,500, Treated with IV fluids anc 
8% Eos. steroids. Disch. on 13th day 
(295 pre-op.) feeling well. For 5 month: 

had recurring abdomina 
pain requiring repeat 
courses of steroids. 

WBC 3,900, Treated symptomatically 
3% Eos. with subsidence of symp 
(0 pre-op.) toms after 6 weeks. Nz 

steroids. 

WEC 9,600. Treated with steroids. Prompt 


4% Eos. (1% 
pre-op.) Amylase, 
bilirubin nor- 


resolution of clinical pic- 
ture. Return of signs and 
symptoms following with- 


mal; SGOT drawal of steroids requiring 

slightly elevated. 2nd course of steroids agair 
with prompt response. 
Disch. 3 days. 

WEC 9,700, Treated with steroids with 
1% Eos. good clinical response. 
(0 pre-op.) Symptoms subsided after 5 

weeks. 

WBC 7,500, Treated symptomatically 
3% Eos. with gradual subsidence ol 
(0 pre-op.) signs and symptoms over a 


2 week period. 


pital. Eight board certified surgeons were 
involved in the care of these patients. 

Type of Glove Starch. The powder is 
a micropulverized corn starch that is buf- 
fered with 296 magnesium oxide and has a 
pH of 6.8. The granulation form is about 
360 particles per square inch. During the 
major part of the time covered by this study 
20% rice starch was added to the powder 
by the manufacturer to improve its disper- 
sion qualities. 

Age and Sex. The patients’ ages ranged 
from 27 to 61 years. There were six men 
and seven women. 
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Initial Operation. The initial operation 
was cholecystectomy in six patients, vagot- 
omy and pyloroplasty in two, hiatus hernia 
repair in two and gastrectomy, hysterec- 
tomy, and exploratory laparotomy in one 
patient each. 

Hospital Course. All patients experi- 
enced initially uncomplicated postoperative 
courses, being discharged in every instance 
by the tenth postoperative day afebrile, 
with clean wounds and feeling in all re- 
spects perfectly well for this stage of their 
convalescence. 

Symptom-free Interval and Onset of 
Starch Reaction. From 11 to 25 days fol- 
lowing operation, with an average time of 
22 days, the patients noted the onset of ab- 
dominal symptoms. Their complaints ranged 
from mild to severe abdominal pain, often 
cramping in nature. The pain was usually 
generalized, often with accentuation in a 
specific quadrant related to the area of the 
prior operation. All had temperature eleva- 
tions with the range from 37.3? C. to 
39.4? C. orally. 

Physical Findings. All patients showed 
unequivocal signs of peritoneal irritation 
which was frequently poorly localized but 
most often in the right upper and right 
lower quadrants. Peristalsis was present in 
all patients, though frequently diminished. 
Four patients were noted to have a ques- 
tionable abdominal mass. In two of these 
four patients the mass was confirmed by 
palpation following induction of anesthesia 
at operation. The previous surgical wound 
was reported as unremarkable in most in- 
stances though a few were noted to be 
moderately indurated and one showed dis- 
tinct inflammation. Cultures taken from the 
wound in this latter instance were sterile. 
Although a confirmatory biopsy was not 
taken it was presumed this was reaction to 
corn starch in the wound itself. 

X-Ray Studies. Abdominal films were 
taken in nine cases and six showed moder- 
ately dilated loops of air-filled small bowel 
and gas within the colon, changes inter- 


preted as consistent with adynamic ileus. 
In two patients who had undergone vagot- 
omy and pyloroplasty barium meal x-rays 
showed prompt stomal drainage, no barium 
leakage and no displacement by an extrinsic 
mass. One patient with a gastrectomy 
showed stomal obstruction but no barium 
leakage. Chest x-rays were unremarkable in 
all instances. 

White Blood Cell Count. The WBC was 
available in all cases. Eleven patients had 
counts within the normal range of 5,000 to 
10,000/mm.* Two patients had moderate 
elevations to 11,700/mm.? and 11,400/mm.° 
The differential counts showed no increase 
in polymorphonuclear cells, but seven pa- 
tients showed eosinophil counts of 4 to 9% 
and the remaining six had counts of 346 
or less. 

Re-Operated Cases. Six of the seven pa- 
tients with proven starch peritonitis were 
re-operated upon because the surgeons felt 
thev could not rule out major postopera- 
tive septic complication. Their preoperative 
diagnoses were: intraabdominal abscess in 
two cases, partial small bowel obstruction 
in one case, acute appendicitis in one case, 
and postgastrectomy stomal obstruction in 
one case. The final proven case was an 
asymptomatic patient in whom starch peri- 
tonitis was found at the time of an aortic 
aneurysm resection 7 months following 
cholecystectomy. 

Operative Findings. All patients showed 
large quantities of free serosanguineous in- 
traperitoneal fluid. The peritoneal surface 
was studded with tiny, hard, pearlywhite 
nodules strongly suggestive of carcinomato- 
sis or miliar tuberculosis. Four patients 
showed striking alterations of the greater 
omentum, which was the mass felt in two 
of the surgically treated patients. It mea- 
sured up to 5 cm. in thickness, was in- 
durated, rigid and showed many areas of 
fat necrosis. The subphrenic, subhepatic 
and pelvic areas were free of suppuration 
in all instances. The sites of previous opera- 
tion were unremarkable in all instances ex- 
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Fic. 1. (Case 1) 
Omental nodule shows a 
giant cell reaction with 
scarring. (H & E X140) 


cept in the patient who had had a gastrec- Biopsies of the peritoneum and greater 
tomy. In this instance the omental mass omentum showed a classic granulomatous 
had become adherent to the site of the ^ foreign body reaction containing starch 


anastomosis, producing stomal obstruction. ^ granules. 





Fic. 2. (Case 1) For- 
eign body giant cell re- 
action with multiple PAS 
positive intracellular 
starch bodies. (PAS X 
512). 
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Fic. 3. (Case 1) Same 
as Fig. 1 under polarized 
light. Note brilliant starch 
particles which can be 
identified by Maltese cross 
appearance. (H & E, po- 
larized light X100) 


Bacteriology. Gram stained smears of 
the peritoneal fluid showed many inflam- 
matory cells but no organisms. Cultures 
were sterile in all cases. 

Pathologic Microscopic Findings. No 
reaction to foreign body was seen in the 
material taken at the first operation in any 
patient. This reaction was seen in the tissue 
taken from each of seven patients at second 
operation (Figs. 1, 2, and 3). Intracellular 
starch was identified in each case by H. 
and E. staining, Maltese cross appearance 
under polarized light, red staining with 
acid fast stain, and pink staining with the 
PAS stain which was not digestible. An 
eosinophilic cell reaction was seen in four 
cases and in the one patient that tissue was 
available from a third operation 20 months 
later (Figs. 4 and 5) the eosinophils were 
no longer present. 

Clinical Course of Non-operative Cases. 
Six patients in this group were strongly 
suspected of having peritoneal starch reac- 
tions. These cases followed the initial re- 
port of the first biopsy-proven cases to the 
surgical staff which was thus altered to this 





complication. The similarity of these in- 
stances to the proven cases influenced the 
surgeons to avoid re-exploration. Two pa- 
tients did not require hospitalization and 
four were hospitalized for an average of 
7 days. Five patients fully recovered under 
supportive care within 2 to 6 weeks. One 
patient had continuing abdominal pain for 
o months. 

Clinical Course of Surgically Treated 
Patients. These seven patients remained in 
the hospital an average of 21 days following 
the second operation and five were crit- 
ically ill during most of this period. Their 
courses were characterized by marked para- 
lytic ileus, extensive fluid and electrolyte 
shifts, septic temperature curves, and in 
two instances by an unexplained acute fall 
in hematocrit requiring transfusion of whole 
blood. Vigorous treatment was required in 
this group of patients. 

Of the two patients who had relatively 
benign postoperative recoveries, one had 
been given corticosteroids very early which 
may have been an important factor. The 
other patient had been asymptomatic at the 
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time starch peritonitis was discovered dur- 
ing operation for an aortic aneurysm 7 
months after cholecystectomy. However, fol- 
lowing aortic resection he developed per- 
sistent and otherwise unexplained fever as- 
sociated with normal white blood cell count 
and eosinophilia of 5%. It is possible these 
symptoms were related to an exacerbation 
of the starch peritoneal reaction. 

The late postoperative course in these 
patients is of considerable interest. They 
experienced continuing morbidity and ab- 
dominal pain which persisted on the aver- 
age of 5 months following the second opera- 
tion. Additionally, they often had persistent 
wound problems characterized by tender- 
ness, marked induration, and sinus tracts 
down to the peritoneum which drained 
liquified fat and thin pus. 

Use of Steroids. Three patients who did 
not undergo operation and three who did 
were treated with corticosteroids. The sur- 
geons responsible for each instance had the 
strong clinical impression that the signs, 
symptoms and courses of these patients 
were favorably affected by their use. Two 
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: S Fic. 4. (Case 1) This 
à specimen is from the tis- 
sue removed at 3rd op- 
eration 20 months after 
excision of omentum 
which is illustrated as 
Figs. 1-3. There is a large 
caseous area with clear 
spaces indicating fat ne- 
crosis. There is a scanty 
inflammatory reaction at 
T the edge of the necrotic 
"a : focus. (H & E X45) 
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of the non-surgically treated patients re- 
quired repeat courses of corticosteroids 
when symptom exacerbation followed with- 
drawal of this drug. 


summary of Peritoneal Starch Syndrome 


The signs, symptoms and pathologic find- 
ings of these cases are sufficiently character- 
istic to warrant their designation as a syn- 
dromo. Three weeks after an uncomplicated 
abdominal operation the patient develops 
abdominal pain, fever and occasionally nau- 
sea and vomiting. There are unequivocal 
signs of peritonitis and often the presence 
of a mass. The surgical wound appears 
normal or only moderately indurated. Ab- 
dominal plain films show changes com- 
patible with adynamic ileus. The white 
blood cell count is not elevated, and fre- 
quently there is an increase in the 
eosinophils. 

Understandably, this complication is be- 
lieved to be a major postoperative occur- 
rence. Following a brief period of observa- 
tion in which the patient does not improve 
and frequently worsens, the abdomen was 
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Fic 5. (Case 1) Cen- 
tral necrotic area of Fig. 
4 under polarized light. 
Starch particles are 
clearly seen by Maltese 
cross appearance. (H & 
E, polarized light X575) 


explored. No intra-abdominal sepsis was 
found and the site of the previous operation 
is unremarkable. However, there is con- 
siderable free intra-peritoneal fluid which 
shows inflammatory cells on gram stained 
smears but no organisms and is sterile 
to culture. A myriad of pearly-white, tiny 
nodules are present on the peritoneum 
and the greater omentum may show a strik- 
ing alteration with massive thickening, in- 
duration and many foci of fat necrosis. 
Biopsies of this tissue show a classical 
foreign body reaction surrounding starch 
granules. 

The patient generally has a very stormy 
postoperative course, often with severe 
ileus, a septic temperature curve, fluid and 
electrolyte depletion of a profound degree 
and occasionally a pronounced and unex- 
plained drop in hematocrit. Following sev- 
eral days of aggressive treatment including 
corticosteroids he gradually improves and 
is able to leave the hospital 3 weeks later. 
However, the wound may cause prolonged 
morbidity with induration and sinus tracts, 
with possible continued abdominal pain for 





several months. Ultimately the patient fully 
recovers. 

It is worth emphasizing the distinct ab- 
sence of toxicity in these patients which 
has been a very helpful observation in the 
diagnosis of the starch peritoneal reaction. 
These patients simply do not appear as ill 
as one would anticipate were an intra- 
abdominal septic complication responsible 
for the striking abdominal signs and symp- 
toms. This point, along with a normal or 
only minimally elevated leukocyte count 
and a longer time interval between initial 
operation and the onset of symptoms than 
would be usual with postoperative sepsis 
may allow for this entity to be seriously 
considered before resorting to needless 
and harmful surgical treatment. The clin- 
ical course in those patients who have 
undergone re-operation is severely aggra- 
vated by the procedure, which among other 
harmful effects re-inoculates the peritoneum 
with further starch particles, not unlike ad- 
ministering penicillin to a patient with an 
existing penicillin allergic reaction. The sur- 
gically treated patients had continuing mor- 
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bidity, on the average of 5 months, in con- 
trast to a 2 to 6-week period for those not 
surgically treated. Consequently, the impor- 
tance of making the diagnosis of the starch 
peritoneal reaction on clinical grounds alone 
is of great importance. Although we cannot 
prove that our clinically suspected patients 
had starch peritonitis, their signs, symp- 
toms, course and favorable response to cor- 
ticosteroids closely paralleled the proven 
cases. 


Discussion 


It seemed curious to us that large clusters 
of cases of starch peritonitis have been en- 
countered in a short-time interval in institu- 
tions which have been using corn starch 
for many years. Our 13 cases and the 28 
other cases referred to earlier all occurred 
between 1968 and 1970. Prior to 1968 we 
are unaware of any additional cases from 
our own hospital. The 15 cases reported in 
the English literature up to 1965 were for 
the most part sporadic reports of one or 
a few cases. 

This suggested to us that some alteration 
in the glove manufacturing process may 
have occurred. In this context, Taft et al.?° 
in 1970 reported that their glove manufac- 
turer had substituted rice starch for corn 
starch just prior to their clinical experience 
with starch peritonitis. They suggested this 
change may have been crucial in the abrupt 
appearance of the patients with this com- 
plication. We learned that in late 1967 our 
manufacturer had added 20% rice starch 
to their corn starch preparation. Our cluster 
of cases emerged in early 1968. Although a 
direct cause and affect relationship is not 
possible on the basis of these data, there 
seems to be sufficient circumstantial evi- 
dence to cast suspicion on rice starch as at 
least a contributing factor in the striking 
experience with starch peritonitis seen in 
these 2 years. 

Does the starch peritoneal reaction repre- 
sent a hypersensitive response? We believe 
it does. First, as in other forms of hyper- 


Ann. Surg. - Mar. 1972 
Vol. 175 - No. 3 


sensitivity disease, only a small percentage 
of the patient population challenged by the 
antigen develops the reaction. Thus, corn- 
starch is probably not a direct toxic agent. 
Although earlier investigations ° have been 
unable to demonstrate hypersensitivity to 
starch by cutaneous patch, scratch and in- 
tradermal testing of large groups of both 
allergenic and non-allergenic patients, cuta- 
neous testing of patients with the starch 
peritoneal reaction has only rarely been 
done. Only two reported cases could be 
found in the literature in which an intra- 
dermal test with corn starch had been per- 
formed on a patient with starch peritonitis. 
One of these patients showed a strongly 
positive reaction with exacerbation of the 
abdominal symptoms and reactivation of a 
quiescent intradermal site done previously. 

A hypersensitivity response has been pro- 
duced experimentally by the intravenous in- 
jection of starch.? This consisted, among 
other responses, of an increase in circulat- 
ing eosinophils and eosinophil cell infiltra- 
tion within regional lymph nodes, spleen, 
liver, myocardium and pulmonary vascular 
tissue. In a group of prednisolone treated 
animals given starch, similar peripheral 
blood cell responses were seen, but cellular 
infiltration of pulmonary vascular tissue was 
absent or greatly diminished. Our frequent 
finding of eosinophilia seems significant in 
this regard. Additionally, we have noted a 
heavy eosinophilic cellular response in our 
biopsied tissues. Finally, there is the em- 
piric evidence of a distinct favorable clin- 
ical response to corticosteroid administra- 
tion in patients with the starch peritoneal 
reaction noted by us and others. Therefore, 
we believe there is significant evidence to 
suggest the starch peritoneal reaction is a 
hypersensitivity response. 

A comment should be made concerning 
less obvious manifestations of starch peri- 
tonitis. It is not unlikely that the minimal 
unexplained morbidity and pain following 
abdominal surgery so frequently seen dur- 
ing postoperative office visits of patients 
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may often be instances of mild starch reac- 
tion and not due to “gas” or “adhesions” 
which the surgeon has often suggested to 
these patients, having no more reasonable 
explanation to offer. 

In conclusion, it seems that a compelling 
case exists for condemning starch in the 
preparation of gloves. No good substitute 
currently exists but it is stressed that further 
efforts should be made to correct this seri- 
ous cause of iatrogenic disease. Presently, 
a major glove manufacturer is field testing 
a surgical glove prepared without dusting 
powder of any kind on its outer surface. 
The surgical profession will watch the de- 
velopment of this process with keen inter- 
est. Until such gloves become available, it 
is suggested that all glove packages warn 
that starch may be injurious to tissue and 
should be thoroughly removed prior to any 
operation. 

In our own hospital, we have instituted 
measures to prevent starch impregnation 
of the peritoneum. Prior to the making of 
the incision, all members of the operating 
team must carefully wash their gloves in 
a separate basin, followed by carefully rub- 
bing the gloves dry to remove any residual 
particles. Furthermore, any gloves changed 
during the course of the operation must 
similarly be treated. This basin is kept sep- 
arate from the other basins which the scrub 
nurse uses for wetting lap tapes and cleans- 
ing instruments. Our own experience has 
shown that these measures have success- 
fully lowered the incidence of this problem, 
although three instances have occurred 
since their introduction in 1968. 


Summary 


1. Seven proven cases of starch-induced 
granulomatous peritonitis are reported in 
addition to six clinically suspected ones. The 
signs and symptoms in these 13 patients 


were very similar, constituting the clinical 
syndrome of starch peritonitis. This syn- 
drome is characterized by abdominal pain, 
fever, the physical findings of peritonitis, a 
normal white blood cell count and often 
eosinophilia which develops 3 weeks after 
an uncomplicated abdominal operation. 

2. Recognition of this postoperative syn- 
drome, so similar to major postoperative 
abdominal sepsis, on clinical grounds alone 
is of great importance since re-exploration 
may severely aggravate the syndrome by 
re-inoculating the peritoneum while in a 
hypersensitive state. 

3. It is suggested that the starch peri- 
toneal reaction is a hvpersensitivity response 
and is favorably affected by corticosteroid 
treatment. 

4. A strong plea is made for meticulous 
removal of all starch from the gloves of the 
operating team prior to any operation. 
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The Starch-Peritoneal Reaction: 


An Experimental Study 


Wurm H. HARTMANN,* M.D., Joser A. IcNaTIUS, M.D. 


From the Departments of Surgery and Pathology, El Camino Hospital, 
Mountain View, California 94040 


Perironiris due to glove starch has 
created concern among surgeons. The glove 
starch peritoneal reaction has been defined 
as a syndrome characterized by abdominal 
pain, fever, the physical findings of peri- 
tonitis, a normal white blood cell count and 
often eosinophilia developing about 3 weeks 
after an uncomplicated abdominal opera- 
tion. The clinical details have been fully 
defined elsewhere. 

In an effort to study the early evolution 
of the starch peritoneal reaction lesion and 
to determine whether simultaneously ad- 
ministered cortisone affected its evolution, 
an experimental study was undertaken. We 
were convinced from studies of isolated in- 
jection that lesions could be produced by 
intraperitoneal injection, that study of very 
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Fic. 1. Peritoneal side of abdominal wall show- 
ing nodules of starch (arrows). Note size and 
change in size. (Reproduced from color 1.5.) 
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early lesions was necessary and that histo- 
logic study of a standardized area was 
needed, A group treated with cortisone was 
employed because of the proven therapeutic 
value. 


Method 


Forty-two albino mice weighing 25-30 
Gm. each were divided into two groups. 
Each received 1 cc. intraperitoneally of 
a starch slurry containing approximately 
30,000/cc. The slurry was prepared by 
washing a pre-packaged pair of gloves with 
sterile saline. The gloves were the same as 
those used in our operating rooms. One 
group of animals was, in addition, given 
5 mg. hydrocortisone subcutaneously in the 
back at the same time. Three mice from 
each group were sacrificed at 1, 2, 4, 7, 14, 
2] and 28 days after injections. 

After complete autopsies the findings 
from each of the three mice were com- 
bined. Gross lesions were visible in the ab- 
dominal cavity as mm-sized yellow to white 
nodules which became firmer and slightly 
larger throughout the study (Fig. 1). 

In an effort to standardize the study of 
its histologic changes, the pancreas and its 
attached fatty tissue was removed from 
each animal and sectioned as a composite 
from the three animals of a group. 


Findings 


Nodular masses of acute inflammatory 
cells surrounding numerous starch granules 
were seen on the Ist day in the control 
animals. These were present on the peri- 
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Fic. 2. Abdominal wall 
(day 2 animal) with dis- 
crete nodules of inflam- 
matory cells. Needle tract 
is visible in center. Skin 
is at right. (H. & E. x60) 


toneal surface of the abdominal wall and 
the pancreas (Figs. 2, 3, 4). The extent of 
the inflammatory response was far greater 
than the gross nodule. By day 2 the center 
of the nodule appeared necrotic (? hydroly- 
sis of starch). This was also seen in the 


Fic. 3. Inflamma- 
tory nodules of Fig. 
2. Note multinucleated 
cells and clear areas 
which are starch. (H. 
& E. X575) 








animals from day 4. In the day 7 animals 
the inflammatory exudate was predom- 
inately mononuclear and scar formation was 
beginning. Scar formation was greater in 
the animals from day 14 but there was no 
change in the amount of starch (Figs. 5, 6, 
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1). There was little change in the animals 
at day 21 and day 28. The lesions did not 
disappear. 

The animals treated with cortisone showed 
no difference from the control animals. The 
amount of inflammation, the number of le- 
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Fic. 4. Inflamma- 
tory nodule of Fig. 2. 
photographed with po- 
larized light. Note 
characteristic Maltese 
cross arrangement of 
starch granules. (H. & 
E. X160) 


sions and the evolution were the same in 
this experimental group. 


Discussion 


Our study shows the evolution of the 


starch peritoneal reaction lesion to be that 


Fic. 5. Abdominal 
wall (day 14 animal) 
with discrete nodules 
of inflammatory cells 
and starch in lower 
left and scarring be- 
tween nodule and mus- 
cle. Skin is at right. 
(H. & E. X60) 
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Fic. 6. Inflamma- 
tory nodule of Fig. 5. 
Note mononuclear in- 
flammatory cells and 
clear areas with cen- 
tral dots which are 
starch granules. (H. & 
E. x500) 


of a classic foreign body reaction which is 
unaltered by the simultaneous administra- 
tion of hydrocortisone. Microscopic study 
shows that the lesion is more extensive than 
is visible grossly and that intra-abdominal 
starch persists for an undetermined length 


Fic. 7. Inflamma- 
tory nodules of Fig. 
5 photographed with 
polarized light. Note 
starch in area of scar- 


ring. (H. & E. X160) 





of time. Starch was present throughout the 
duration of this short-term study and as 
long as 20 months in one patient.’ 

There are a number of studies of the 
peritoneal reaction to starch available *° 
and most differ from this one in a number 
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TABLE 1. Experimental Study of Glove Starch in the Peritoneal Cavity 











Method of Study 





Gross Only Gross & Micro 








Reference Animal Procedure Time Interval Lesions/Animals Lesions/Animals 
Os 
Ref.! Dog Dusting 3 weeks 10 Adhesion count 
28* 
Ref.? Rat Dusting 2-12 days 46 Granuloma adhesion count 
0—34* 
Ref.? Dog Dusting 1-25 days 94 Granuloma adhesion count 
pxa 
Ref.' Rabbit Dusting 1-56 days 27 Granuloma adhesion count 
Ref.? Rabbit Injected 2d-6 months 16 32 Granuloma & adhesion 
10 10 count & microscopy of 
test site 
Present study Mouse Injected 1d-28 days 14 21 Granuloma & adhesion 
28 21 count & microscopy of 


* Microscopy of gross lesions only. 


test site 





*— Microscopy of gross lesions but not total number given. 
y—Employed a standard area for histologic examination. 


of ways (Table 1). The method, be it dust- 
ing or injecting, give the same end result: 
a peritonitis. The species of experimental 
animal also seems to make no difference. 
Grossly visible lesions were used as the 
end point in four of the five studies. Myl- 
larniemi’s study using rabbits employed 
both gross observations and the use of 
microscopic study from the same site in all 
animals. The results of his study are iden- 
tical to our own. Microscopic analysis shows 
that starch causes a peritonitis and persists 
for longer than expected by gross observa- 
tion. 
Conclusions 


We have presented an experimental study 
utilizing mice to demonstrate the evolution 
of the starch peritoneal lesion. The lesion is 
a foreign body reaction which is unaltered 
by hydrocortisone, as used in this study. 
Starch is not totally absorbed from the ab- 
dominal cavity. It is to be emphasized that 
studies should begin soon after the intro- 


duction of the material and that microscopic 
study is imperative. 
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Peripheral Lymphocyte Counts and Results of Therapeutic 
Castration for Advanced Mammary Cancer 


JEAN Epwarps Ho tt, B.A., Yeu-Tsu N. Ler, M.D. 


From the Cancer Research Center, Department of Surgery-Ellis Fischel State Cancer Hospital 
and University of Missouri School of Medicine, Columbia, Missouri 


THe important role of lymphocytes in 
cancer immunity has been stressed recently. 
According to Burnet ? lymphocytes are the 
major carriers of cell-mediated immune 
mechanisms, and the lymphocyte level is 
an index of cellular immune competence. 
Moore and Gerner *° have reported the pos- 
sible therapeutic effect of infusing large 
amounts of cultured lymphocytes into pa- 
tients with untreatable cancer. Riesco ?? re- 
ported a positive significant correlation be- 
tween 5-year curability of cancer and the 
total number of peripheral lymphocytes 
among 589 patients with cancers of the 
cervix uteri, breast and other sites. Meyer 
et al? reported that in patients with mam- 
mary cancer, the lymphocyte level tends to 
increase in those patients in whom metas- 
tases regress while on hormonal therapy. 
On the other hand, there is a consistent 
drop in the lymphocyte count in those in 
whom the disease progresses. This prelimi- 
nary finding by Meyer et al.? implies that 
a fall in lymphocyte level may mean an im- 
perfect cellular-immune defense and could 
be an important indicator of prognosis in 
the natural history of human cancer. Pen- 
dergrast ef alt? reported that peripheral 
lymphocyte counts of patients who re- 
sponded to immunization with tumor ho- 
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mogenate increased while those of patients 
who failed to respond decreased. 

À retrospective study of 102 patients who 
had therapeutic castration (1940-1967) for 
advanced mammary cancer was conducted 
at the Ellis Fischel State Cancer Hospital. 
More than 100 clinicopathologic factors 
were coded from patients’ records and the 
important factors which affected the results 
of castration are reported elsewhere.5-* Our 
previous reports did not include studies of 
leukocyte counts. After Meyer's report ? ap- 
peared, the correlation between peripheral 
lymphocyte counts and the result of ther- 
apeutic castration was restudied, since al- 
most all patients had routine complete 
blood counts on admission and the major- 
ity of patients also had white blood cell 
counts and differentials before and after 
surgical or radiation castration. In our small 
series there is suggestive evidence that 
changes of peripheral lymphocyte levels 
after castration do show certain relationship 
with the objective response rates. 


Clinical Material and Results 


This is a retrospective and all inclusive 
study of 102 patients treated at the Ellis 
Fischel State Cancer Hospital (EFSCH) 
from 1940 to 1967. All castration was done 
for primary inoperable, recurrent or dis- 
seminated mammary cancer. The methods 
of castration and their objective response 
rates are listed in Table 1. Objective re- 
sponse in this study was defined as measur- 
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TABLE 1. Method of Casirction in 102 Patients 
6 Months 
Response 
Pt. No. (%) 
Oophorectomy alone* 61 
Oophorectomy -+ uni- 22 
adrenalectomy 5 
Oophorectomy -+ androgen 17 19 
Oophorectomy + bi- 
adrenalectomy 4 50 
Radiation Castration* 15 21 
Total 102 20 


* Three patients died within 1 month after oophor- 
ectomy and one patient had coincident radiation to 
ovaries and pituitary gland. 


able decrease in detectable lesions by clin- 
ical or radiological means without the ap- 
pearance of new lesions or growth of any 
existing focus. Survival data presented are 
age-adjusted and calculated by the life- 
table method. Although there is a 100% fol- 
low-up rate on patients treated at EFSCH, 
the examinations and records are done by 
different resident physicians. Patients were 
counted as objective responders only when 
sufficient data for evaluation were available. 


Castration 
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Fic. 1. Peripheral lymphocyte counts in seven 
patients who had objective response (less than 6 
months) after castration. 
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Thus the overall objective response rate of 
33% w:th 20% lasting 6 months or longer 
is certainly on the conservative side. 

In order to study the effect of castration 
alone, the five patients who had coincident 
bilateral adrenalectomy and pituitary radia- 
tion, and the three patients who died within 
l month of operation (surgical mortality 
495) have been excluded. Eighty-three of 
the remaining 94 patients had complete 


blood counts within 1 month before castra- 


tion, and 59 patients had white blood cell 
counts after castration procedures. The pe- 
ripheral lymphocyte count was calculated 
from the percentage of lymphocytes in the 
total leukocyte count. 

Since this is a retrospective study and 
since most of the lymphocyte counts were 
taken in a haphazard fashion, certain as- 
sumptions were made during the analysis 
of the data: 


(1) À sharp drop of lymphocytes were 
found among the several patients 
who had blood cell counts within 2 
weeks after operation. Since the 
lymphocytopenic effects of surgical 
stress, anesthetic or analgesic agents 
could not be excluded, lymphocyte 
counts taken within 2 weeks of sur- 
gical castration have been omitted 
in order to have comparable data. 

(2) Three patients had Thio-tepa (0.2 
mg./Kg. im. weekly for 1 year) 
coincident with castration as part of 
the radical mastectomy research pro- 
tocol. Their red and white blood cell 
counts were within normal limits, al- 
though all three had lymphocyte 
counts less than 1,500 per cmm. be- 
fore castration. None of the other pa- 
tients had cytotoxic chemotherapy or 
corticosteroid coincident with castra- 
tion. All lymphocyte counts taken 
after their administration were ex- 
cluded from this study. 

(3) Several patients had androgen or 
estrogen prior to castration, and the 
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TABLE 2. Pre-castration Lymphocyte Counts and Patients’ Status 
Percentage of Each Lymphocyte Count Sub-group 
Objective 
Lympho- Patients Responder Increase 
cyte Previous Visceral Age Post- ———— Count after 

Count Pts. No. Rt. Metastasis <35Y Menopausal All 6M Castration 

<1,500 37 32% 30% 3% 24% 41% 19% 7195* 
15-2,500 27 26% 37% 4% 33% 37% 22% 3995* 

> 2,500 19 26% 26% 16% 32% 21% 16% 25 %* 
Total 83 29% 31% . 696 29% 35% 19% 51% 

+ p = 0,003. 


majority of patients received sex hor- 
mones (mainly androgen) after cas- 
tration for variable lengths of time. 
Since it is reported that the number 
of circulating lymphocytes is not ap- 
preciably affected by gonadal hor- 
mones,* it was assumed they did not 
affect lymphocyte counts directly. 


Pre-Castration Lymphocyte Counts 


The peripheral lymphocyte counts taken 
within 1 month prior to castration are re- 
corded in Table 2. There is a high propor- 
-tion (37/83 = 45%) of lymphocytopenia 
(defined as fewer than 1,500 lymphocytes 
per cmm. of peripheral blood in the adult) 
found in this series. Meyer et al.*® have 
shown that radiotherapy, regardless of the 
site of therapy, resulted in depression of 
peripheral lymphocytes. The distribution of 
previous radiotherapy appears to be similar 
in these subgroups. The extent of the dis- 
ease and menopausal status also appear 
to have no relationship with lymphocyte 
counts. Patients with higher . lymphocytes 
seem to be in the younger age groups, but 
statistically it is not significant. Pre-castra- 
tion lymphocyte counts per se do not cor- 
relate well with rates of objective response. 


Changes of Lymphocyte Counts after 
Castration 


It was found, similar to Meyer et al.®:® 
that lymphocyte counts usually rose if ini- 
tially low, either rose or fell in intermediate 
levels, and fell slightly if initially high 
(p = 0.003). 


Graphic presentation of serial lymphocyte 
counts showed that the patterns of change 
most useful for correlation with objective 
response are found within 6 to 8 months 
after castration (Figs. 14). Lymphocyte 
levels of patients who had objective re- 
sponse recorded tended to stabilize after 
castration while most lymphocyte counts 
decreased among those who did not have 
objective response recorded. Approximately 
90% of those with positive slopes of change 
(increased lymphocyte level) during the 
first 6 months after castration had objective 
response recorded contrasted with only 20% 
of those with negative slopes recorded 
(X? = 13.3, p = 0.0004). ( Of those patients 
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Fic. 2. ne geri lymphocyte counts in ten pa- 
tients who had objective response (6 months or 
longer) after castration. 
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Fic. 3. Peripheral lymphocyte counts in 16 pa- 
tients (without sex hormone therapy) who had no 
objective response after castration. 


with positive slopes, 40% had objective re- 
sponses which lasted 6 months or longer vs. 
15% of those with negative slopes.) This 
difference became much smaller if the over- 
all trends were studied for 12 or 24 months. 

The relationship, if any, existing between 
precastration lymphocyte counts and their 
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Fic. 4. Peripheral lymphocyte counts in 12 pa- 
tients (with sex hormone therapy) who had no 
objective response after castration. 
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subsequent changes and patient survival is 
also complex. Experiences at Ellis Fischel 
State Cancer Hospital '** show that patients 
who were selected to have subsequent ma- 
jor endocrine ablative procedures survived 
much better than others; however, patients 
who showed any objective response, even 
shorter than 6 months duration, had a 
better survival rate than those without any 


- response (Fig. 5). In the small series of 


patient reported here, when those patients 
with subsequent adrenalectomy were sin- 
gled out, the subgroups with either posi- 
tive or negative slopes of lymphocyte count 
changes became very small, and their sur- 
vival curves did not show any difference 
( Fig. 6). 


Discussion 


As pointed out by Daniels et al,? lym- 
phocytes not only differ in size morpho- 
logically but also exhibit distinct, significant 
biochemical, physiological and immunolog- 
ical heterogeneity. The small lymphocyte 
is considered by some investigators to be a . 
pluripotential stem cell and by others a 
maturation product of large cells. The 
mechanism of antigen induction and anti- 
body production in both primary and sec- 
ondarv responses is poorly understood, but 
it is pointed out that the conditioned. small 
lymphocyte is morphologically indistin- 
guishable from the unconditioned lympho- 
cyte. Furthermore, it is proposed that un- 
conditioned lymphocytes spend only a short 
time in the blood, while conditioned cells 
continue to circulate until stimulated. 

The concept that cell-mediated immunity 
provides & natural anticancer surveillance 
systerr: appears too simplified since the dis- 
covery of the blocking antibodies that pro- 
tect the tumor cells against host lympho- 
cytes. Hellstrém and Hellstróm * have shown 
that lvmphocytes from patients with pro- 
gressive neoplastic disease afforded approx- 
imately as much colony inhibition against 
cancer cells as did lymphocytes from pa- 
tients whose tumors had been removed and 
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Fic, 5, Survival after castration versus subsequent major endocrine 
ablation and objective response. 


who were considered to be clinically dis- 
ease-free. However, serum from patients 
with a progressively growing tumor almost 
invariably was shown to contain blocking 
antibodies which abrogate the inhibitory 
effect of the host immune lymphocytes on 
the tumor cells. 


According to Osgood," only about 3.Gm. 
of lymphocytes are present in the circulat- 


ing blood, whereas there are about 70 Gm. 
in the marrow, 100 Gm. in the lymphatic 
tissues, and about 1,300 Gm. scattered 
throughout the body. As far as lymphocytes 
are concerned, all lymphoid tissues of the 
body, with the important exception of the 
thymus, form a single compartment with 
essentially random movement throughout 
the whole system. It is obvious that the 
, peripheral lymphocyte count is only a small 
segment of this dynamic and integrated cel- 
. lular pool It is interesting to find that 
changes in the peripheral lymphocyte count 
may be useful as predictor of response to 
endocrine manipulation for treatment of ad- 
vanced mammary cancer. Even though the 
findings of this study corroborate the pre- 
liminary report$ of Meyer et al. and Pen- 
dergrast et al? it is important to empha- 


size that the series reported is small and 
manv of the results presented show sugges- 
tive but statistically nonsignificant differ- 
ences. 


Summary 


The important role of lymphocytes in 
cancer immunity has been studied and 
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Fic. 6. Survival curves after castration versus 
peripheral lymphocyte changes and subsequent 
adrenalectomy. 
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stressed recently. A retrospective and all- 
inclusive study of 102 patients who under- 
went therapeutic castration for advanced 
mammary cancer has been conducted at 
the Ellis Fischel State Cancer Hospital. 
Eighty-three patients, precastration, had 
complete blood counts and 59 patients also 
had white blood cell counts after castration. 
The results show: (1) pre-castration lym- 
phocyte counts per se do not correlate well 
with rates of objective response to castra- 
tion; (2) the patterns of change in serial 
lymphocyte counts most useful for correla- 
tion with objective response are found 
within 6 months after castration; and (3) 
in this small series, the absolute pre-castra- 
tion lymphocyte levels and subsequent 
changes show no correlation with patient 
survival after castration. 
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Anti-Angiogenesis: 
New Concept for Therapy o£ Solid Tumors 


Jupan FoLkMAN," M.D. 


From the Department of Surgery, Children’s Hospital Medical Center 
and Harvard Medical School, Boston, Massachusetts 


Som tumor growth in animals and in 
man is accompanied by neovascularization. 
New capillary growth is elicited by a dif- 
fusible factor generated by malignant tu- 
mor cells. In the absence of neovasculariza- 
tion most tumors might become dormant at 
a tiny diameter, perhaps 2-3 mm.? 1° 

Although evidence for these statements is 
still indirect and fragmentary, it seems ap- 
propriate to speculate that the inhibition 
of angiogenesis, i.e., anti-angiogenesis, may 
provide a form of cancer therapy worthy 
of serious exploration. The evidence for 
such a contention, based on recent findings 
in our own laboratory and others, will be 
examined in this report. 


Evidence that Tumors Induce New 
Blood Vessels 


Algire + attributed to tumor cells the abil- 
ity to elicit continuously the growth of new 
capillary endothelium in vivo. Feigin ? ob- 
served vigorous neovascularization in the 
neighborhood of malignant brain tumors, 
that seemed to be excited or induced by 
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the tumor itself. Many other authors, ob- 
serving tumor growth in the hamster cheek 
pouch or in the rabbit ear chamber, have 
described the intense neovascularization 
around a growing tumor.!* 15 4 

Chalkley * and Warren ? were the first 
to hypothesize humoral] induction of tumor 
blood vessels. 


Evidence for the Humoral Induction 
of Tumor Angiogenesis 


Greenblatt and Shubik!* demonstrated 
that vasoproliferative activity was consist- 
ently seen in hamster cheek pouch stroma 
adjacent to tumor implants despite separa- 
tion af the tumor and its stroma by a milli- 
pore älter which prevented the passage of 
cells. Ehrmann’ saw the same effect with 
choriocarcinoma in the hamster cheek 
pouch. We have demonstrated a similar ef- 
fect using millipore chambers implanted on 
the fascial expanse of the dorsal air-sac of 
the rat. Empty millipore chambers or those 
containing non-neoplastic cells or fluids, 
produced no reaction. 

More recently we have shown® that a 
diffusible factor which is mitogenic for 
capillary endothelium, can be isolated from 
animal and human tumor cells. This factor, 
called tumor-angiogenesis-factor (TAF) is 
isolated after disrupting tumor cells by ni- 
trogen cavitation. Its important components 
are ribonucleic acid (25%) and protein. 
The activity of TAF is destroyed by ribo- 
nuclease and subtilisin but not by trypsin. 
TAF has a molecular weight of approx- 
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imately 100,000. When TAF is injected con- 
tinuously into the dorsal air-sac of a rat, 
dense areas of new capillaries proliferate in 
48 hours. The regenerating endothelial cells 
within these capillaries incorporate tritiated 
thymidine and contain many mitotic figures. 
Upon cessation of the infusion of TAF, the 
endothelial mitotic activity subsides and the 
number of regenerating capillaries dimin- 
ishes. TAF has not been found in normal 
tissues with the single exception of human 
placenta. 


Evidence that Solid Tumors are De- 
pendent upon Neovascularization 
for Sustained Growth 


a) Absence of Neovascularization in 
Perfused Organs. Tumors implanted into 
isolated perfused organs will grow as solid 
spheres within the organ. For example, 
mouse melanoma will grow in perfused 
rabbit thyroid gland.“ Time-lapse studies 
show that expansion of the colony ceases 
when it reaches a diameter of approximately 
2-3 mm. These colonies never become vas- 
cularized in the isolated organ. The tumor 
cells, however, are viable and maintain 
their ability to elicit new blood supply if 
they are reimplanted into the original ani- 
mal. The isolated organ appears unable to 
generate new blood vessels due either to 
inadequacy of the organ or a technical arti- 
fact of the perfusion.? In more than 100 
combinations of perfused organs and im- 
planted tumor, the absence of neovascu- 
larization has been the most common fea- 
ture and has always been associated with 
cessation of tumor growth. 

No matter how successfully an organ is 
perfused in isolation and no matter how 
long, no one has even been able to demon- 
strate new vessel formation, even if a 
wound was made. 

b) Anterior Chamber of the Eye. 
Greene 5 observed that tiny tumors im- 
planted for more than 1 year in the anterior 
chamber of the eye of a guinea pig could 
not enlarge beyond 2-3 mm. It is apparent 
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in retrospect that these tumors could not 
have become vascularized. However, when 
these tumors were removed from the eye 
after a vear of dormant existence and im- 
planted in the muscle of a rabbit, rapid neo- 
vascularization was accompanied by rapid 
growth. 

c) Population Kinetics in the Vascu- 
larized Tumor. Tannock% has studied 
the population kinetics of vascular endo- 
thelial cells and parenchymal tumor cells 
within solid neoplasms, with a double label- 
ing technic. His studies show that the prob- 
ability of a tumor cell entering mitosis de- 
creases with increasing distance of the cell 
from its nearest capillary. Thus, even after 
vascularization has been established, the 
efficiency of diffusion of nutrients and 
wastes diminishes with increasing distance 
from each capillary. Using the mouse mam- 
mary tumor, Tannock showed that the turn- 
over time of the endothelial cell population 
(50 hours) lagged behind the turnover time 
of tke tumor cells (22 hours). Thus as the 
tumor grew, the tardy proliferation of capil- 
lary endothelial cells led to an increase in 
the intercapillary distance. Proliferation of 
tumor cells furthest from a capillary dimin- 
ished, so that a decreased xate in growth of 
the entire tumor resulted. Tannock sug- 
gested that the rate of proliferation of 
endothelial cells may limit indirectly the 
rate of tumor growth. 

d) Population Dependence In vivo. 
When tumor cells are transplanted from 
one animal to another, either as packed 
cells or as a tiny graft, there is a minimal 
cell number for any given experimental 
tumcr system, critical to further growth of 
the tumor. Donahoe,’ working in our lab- 
oratary, has shown that this threshold mass 
can be markedly reduced by implanting 
the cells into a bed which has been pre- 
viously vascularized. When 100 Walker-256 
carcino-sarcoma cells are inoculated into 
the subfzscial expanse of the dorsal air sac 
in a rat, no tumors are present at 6 days, 
even upon microscopic sectioning. How- 
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ever, when the fascial expanse had pre- 
viously been exposed to a millipore chamber 
containing Walker cells, an area of neo- 
vascularization developed beneath the filter. 
When the millipore chamber was removed 
and 100 tumor cells were inoculated into 
this vascular bed, large, grossly visible tu- 
mors were present at 6 days. Thus the 
growth of fewer tumor cells in an inoculum 
is facilitated by pre-vascularization. In the 
controls, a millipore chamber containing no 
cells or non-malignant cells did not produce 
neovascularization and consequently facili- 
tation of tumor growth was not achieved. 
One hundred Walker tumor cells implanted 
into this area did not produce any tumors 
at 6 days. Even if the vascular bed was pro- 
duced by a millipore chamber containing 
B-16 melanoma cells, grossly visible tumors 
appeared 6 days after Walker tumor cells 
were inoculated into this area. The B-16 
melanoma grows only in mice and does not 
take in rats. This experiment overcomes 
the objection that tumor cells passing 
through a leak in the millipore chamber 
might contribute to the 100 cells implanted 
subsequently. These experiments imply that 


when the implanted tumor population is : 


very small, a few viable cells may take a 
very long time to generate a population 
necessary to elicit new blood supply. How- 
ever, if new capillaries are already present, 
then a small population of tumor cells can 
become vascularized in an accelerated 
fashion. 


Analogues to Unvascularized Tumors in 
Which Clonal Growth May Be 
Restricted by Phenomena of 
Simple Diffusion 


a) Spheroidal Tumor Colonies in Cul- 
ture. Folkman and Hochberg?' have re- 
cently shown that tumor cells growing in 
three dimensional spheroids in soft agar 
grow rapidly up to a diameter of 1.75 
mm. + 0.2. No further expansion occurs 
beyond this diameter even in the face of 
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unlimited exchange of fresh media. An 
outer layer of cells remains viable. These 
cells continue to undergo mitosis indefi- 
nitely. Cells in the center of the sphere 
slowly degenerate. 

A spheroid thus reaches a steady state 
when birth rate and death rate are equal 
and no further expansion takes place. At 
this critical diameter the surface area of the 
sphere becomes insufficient to allow escape 
of catabolites generated; they accumulate 
and become a major factor in preventing 
further expansion of the spheroid. At the 
same time the limited diffusion of oxygen 
keeps the thickness of the outer shell con- 
stant at approximately 200 microns. It is 
because of these limitations of diffusion 
that a spheroidal colony of cells self-regu- 
lates its growth. 

Without capillaries to expand the diffu- 
Sion capacity such a nodule remains dor- 
mant although a major portion of its cells 
are still viable. 

b) Embryogenesis. That growing cells, 
crowded together are affected by diffusion 
phenomena, may also extend to embryo- 
genesis. This has been pointed out by 
Crick ë who stated “A simple order of mag- 
nitude calculation suggests that diffusion 
may be the underlying mechanism in estab- 
lishing morphogenetic gradients in embry- 
onic development.” 


Discussion and Clinical Implications 


It seems clear that within most solid 
malignancies, the interplay between tumor 
cells and endothelial cells constitutes a 
highly integrated ecosystem. 

It is probable that most tumors whether 
they originate from a cell transformed by 
virus or carcinogen, or whether they begin 
as a metastatic implant, must exist early as 
a small population of cells dependent upon 
nutrients which diffuse from the extravas- 
cular space (Fig. 1). Such a pinpoint 
colony eventually expands to a size where 
simple diffusion of nutrients (and wastes) 
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PERFUSION 


[Courtesy Journal Experimental Medicine] 


Fic. 1. Illustration of concept that most solid 
tumors may exist early as tiny cell populations liv- 
ing by simple diffusion in the extravascular space. 
Further growth requires vasculerization and the 
tumor mass then maintains itself by perfusion. 
Tumor-angiogenesis-factor (TAF), may be the 
mediator of neovascularization. 


is insufficient. New capillaries are elicited 
and the tumor then enters a phase in which 
, nutrients arrive and wastes are removed by 
perfusion. 

Because endothelial cell turnover usually 
lags behind tumor cell turnover, most solid 
tumors may always be on the verge of ne- 
crosis. Interference with their capillary com- 
ponent is likely to disturb this equilibrium 
and shift it toward more necrosis. If tumor- 
angiogenesis-factor is indeed the mediator 
for neovascularization then blockade of 
TAF might prevent vascularization, i.e., 
anti-angiogenesis. 

By anti-angiogenesis we do not mean 
vasoconstriction or infarction of vessels al- 
ready connected to the tumor. The term 
anti-angiogenesis should serve to indicate 
the prevention of generation of new vessels 
by an early tiny tumor implant usually 2-3 
mm. in diameter. 

Although this diameter is approximate, it 
is significant because most tumor implants 
in animals and several which we have seen 
in man are not yet vascularized at this size 
or are just beginning to be vascularized 
(Fig. 2). Further, we think that there is 
enough evidence to suggest that if neo- 
vascularization is prevented many solid 
tumors might remain fixed at this tiny 
diameter. 
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If we could hold a tumor in the non- 
vascularized, dormant state indefinitely, a 
number of questions are posed about which’ 
we can speculate. 

Would such a dormant tumor metasta- 
size? Recent evidence !* suggests that me- 
tastases will diminish when the primary tu- 
mor is relatively devascularized. Metastasis 
from a primary solid tumor may well depend 
upon the presence of vascularization. 

Would nonvascularized, dormant tumors 
be more susceptible to chemotherapy? Al- 
though tiny tumors generally are more vul- 
nerable to chemotherapy, we do not know 
whether the dormant state resulting from 
anti-angiogenesis would be maintained by 
a high rate of cell loss or a decline in 
mitotic rate. Therefore, one cannot predict 
what kind of drug might be effective with 
such tumors, It is conceivable that chemo- 
therapeutic killing of unvascularized tumor - 
implants may actually be the mechanism by 
which Actinomycin, for example, is capable 
of preventing the recurrence of Wilms’ tu- 
mor in the unexcised opposite kidney. 

Are the cells in a nonvascularized, tiny 
tumor implant less hypoxic than those cells 
living in the avascular core of a large solid 
vascularized tumor? There may be a great 
difference between these two situations. It 
is possible that the cells in the former situa- 
tion are well oxygenated; necrosis is not 
seen in these tiny implants. However, cells 
in the necrotic center of a large tumor may 
be severely hypoxic because they are sur- 
rounded by dense layers of cells competing 
for available oxygen.? If there is such a dif- 
ference, then the susceptibility of the avas- 
cular core of a large tumor to chemotherapy 
or radiotherapy may be far less than the 
vulnerability of an unvascularized small tu- 
mor implant in which simple diffusion of 
nutrients and wastes is still sufficient for 
every cell in the clone. 

What would be the susceptibility of an 
unvascularized, dormant tumor implant to 
immunologic attack? Again, we can only 
speculate. It is possible that an unvascu- 
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Fic. 2a. Human astrocytoma growing subcutaneously in Wistar rat, (fifth serial transplant). 
Tumor removed from rat after 22 days, at which time it was 2.0 mm. in diameter. There are 
no capillaries. Same tumor removed later will reach 1 to 2 cm. diameter and will be completely 
mean, rmm Smallest unit in ocular grid is 0.025 mm. (H&E, 40). Rats inoculated with this 
tumor were sent to us by Dr. Paul Kornblith, Neurosurgical Laboratories, Mass. General 


Hospital. 


larized clone of tumor would be vulnerable 
to attack by immune lymphocytes because 
these cells can migrate from nearby vessels. 
It is also possible that circulating antibody 
would be unable to reach an unvascularized 
tumor in as high a concentration as it 
would accumulate in a vascularized tumor 
because of the diffusion gradient which 
might exist over such great distances. It is 
conceivable that unvascularized tumor col- 
onies cannot be enhanced; that they are 
“out of reach" of humoral antibody and 
thus are exposed to the full force of mo- 
bile, immune lymphocytes. Therefore, anti- 
angiogenesis may synergize immunotherapy. 

Assuming that anti-angiogenesis could be 
accomplished, would cessation of growth 
occur in all solid tumors? We have reviewed 
the histology of a wide range of human 
tumors from the point of view of endo- 


thelial regeneration within the tumor.? We 
have quantitated the extent of endothelial 
cell regeneration and capillary density. If 
one thinks of this not simply as vascularity 
but as endothelial cell dependency of the 
parenchymal tumor cells then there is a 
striking stratification of different tumors. 
Brain tumors appear to be most dependent 
upon endothelial cell proliferation, car- 
cinomas slightly less, sarcomas less, and at 
the extreme, chondrosarcomas the least. 
Certain chondrosarcomas reach enormous 
dimensions yet capillaries are sparse and 
endothelial cells in these capillaries are not 
active. The chondroblasts seem to survive 
at great distances from capillaries without 
any necrosis. If this hierarchy of endothelial 
cell dependency is true, then it is possible 
that anti-angiogenesis might be a powerful 
therapeutic adjunct for brain tumors and 
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Fic. 2b. Embryonic sarcoma in 2-week-old baby. This nodule was a tiny skin metastasis 
measuring 2.5 X 3.0 mm. Vessels are not seen throughout the entire nodule except at the outer 
edge where a few capillaries are just beginning to penetrate the tumor (arrow ). Smallest unit 
in ocular grid is 0.025 mm. ( H&E, 40X ) 


carcinoma but not for sarcoma, and might 
be ineffective for chondrosarcoma. It is in- 
teresting in this regard that after a tumor 
field has been heavily irradiated, as for 
Wilms' tumor, the tumor most likely to oc- 
cur years later in this irradiated field is the 
chondrosarcoma, as if it had almost no re- 
quirement for an endothelial cell popula- 
tion. In regard to nutrients and wastes, it 
behaves as the “cactus” of solid tumors. 
The concept of anti-angiogenesis raises 
two questions which are more fundamental. 
How is information transferred between 
the malignant tumor cell and the benign 
endothelial cell? Capillary endothelial cells, 
which normally exist in a non-renewal state, 
are stimulated by neighboring malignant 
cells into high mitogenic activity. However, 
a permanent genetic lesion is not produced 
in the endothelial cell; the regenerative ac- 
tivity of the endothelial cell is only transient. 


Why should a tumor colony stop expand- 
ing when it cannot become vascularized? 
What metabolites are responsible? Do they 
operate by suppressing mitosis or by in- 
creasing the rate of cell loss? 

Some of the arguments we have presented 
have certain weaknesses: the evidence is 
not yet available which would guarantee 
their validity. For example, we have shown 
that TAF extracted from human and ani- 
mal tumors produces new blood vessels in 
rats and rabbits. There is a possibility (al- 
though an unlikely one) that TAF may not 
be what tumors use to stimulate new ves- 
sels. An alternative hypothesis is that a 
growing tumor acts as a “sink” for the con- 
sumption of some repressor which might 
exist in endothelial cells to prevent them 
from entering mitosis under normal condi- 
tions. Anti-angiogenesis would still be pos- 
sible but through a different pathway. 
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Despite these difficulties, it is my belief 
that anti-angiogenesis is not only possible 
but plausible. The attempt to achieve it 
may provide a new understanding of the 
early phase of solid tumor development. 


Summary 


Evidence is presented to suggest that 
neovascularization is mediated through a 
humoral factor called TAF. 

The concept of anti-angiogenesis is pro- 
posed to indicate that blockade of TAF 
might prevent many solid tumors from 
growing beyond a diameter of 2-3 mm. 

Extension of this concept raises new ques- 
tions for future study. 


a) Is it possible to make antibody against 
tumor-angiogenesis factor? 

b) If vascularization of a new tumor im- 
plant could be blocked, would this 
prevent metastasis from this tumor? 

c) Would an unvascularized tumor be 
more susceptible to chemotherapy? 

d) Would an unvascularized tumor be 
more vulnerable to cell mediated im- 
munological attack than a vascu- 
larized, rapidly growing tumor? 

e) Is there a hierarchy of endothelial cell 
dependency in which brain tumors 
are the most dependent and chondro- 
sarcomas the least? 

f) How is this transfer of information 
from malignant cells to endothelial 
cells accomplished? 

g) If blockade of angiogenesis leaves a 
tiny dormant tumor, is the dormant 
state due to the accumulation of in- 
hibitory metabolites? 


If antiangiogenesis can be achieved it 
may become a powerful adjunct to present 
methods of therapy. If it cannot, or even if 
the concept is wrong, the careful explora- 
tion of its consequences may enable us to 
see something fundamental about the na- 
ture of growing cells in packed population 
in vivo. 


l. 
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Erratum 


In Inahara, T.: Acute Superior Mesenteric Venous 
Thrombosis: Treatment by Thrombectomy, Ann. Surg., 
174:960, 1971, line 5 under Treatment should read: 
intervention should not be delayed. ete. 


Coagulation Changes of Septic Shock in the Sub-Human Primate 
and Their Relationship to Hemodynamic Changes 
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COAGULOPATHIES suggestive of dissemi- 
nated intravascular coagulation are fre- 
quently observed in clinical septic shock.* 
6 814 Although there is no clear explanation 
of its cause, the disseminated intravascular 
coagulation (DIC) has usually been attrib- 
uted to hypercoagulability of blood second- 
ary to blood stasis and acidosis occurring 
in shock. Experimental studies have shown 
that alterations of hemostasis can be pro- 
duced by injection of bacterial endotoxin 
into dogs !* and rabbits.2 However, several 
authors have pointed out that primates re- 
spond differently to endotoxin shock than 
other mammalian orders.* 1318 27 Also, 
Guenter et al. have noted differences in the 
response of primates to live bacteria in 
contrast to bacterial endotoxin,® although 
Thomas et al. did not find this to be the 
case.?e 

To make our results as applicable as pos- 
sible to the clinical situation, we have 
studied the shock produced by administra- 
tion of live bacteria in a primate species. 
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Because the blood coagulation system of 
baboons has been shown to resemble that 
of man, and because the large size of 
that animal permits easy blood sampling, 
that species has been used in these studies. 
À preliminary report of a portion of these 
results has previously appeared in abstract 
form." 


Methods 


Healthy adult male baboons weighing 16 
to 26 Kg. were used after 30 days of quaran- 
tine in which the animals were observed to 
be free of tuberculosis and other disease. 
At the beginning of this period, they had 
been given routine injections of benzathine 
penicillin (300,000 units), intramuscular iron 
(Imferon, 3 cc.), and an antihelminthic. 
Following tranquilization with an intra- 
muscular injection of 1 mg./Kg. of Sernylan 
(phencyclidine hydrochloride), PE 205 
polyethylene catheters were passed into the 
right atrium and aortic arch by way of 
cut-downs in the femoral vessels in the 
groin. The animals were then placed in the 
prone position with padded axillary sup- 
ports and the catheters were connected to 
Sanborn 237B transducers and a Sanborn 
350 pressure recording system. The right 
atrial catheter was used also for all of the 
blood sampling except for the arterial blood 
gas studies. The catheters were flushed with 
unheparinized saline as needed. Cardiac 
output was estimated by the dye-dilution 
technic with the use of a Beckman Cardio- 
densitometer and Gilford withdrawal pump. 


; 

| Heart Rote 
UST mo 

! (beats nin.) 





ae eae. po! a 2 70 8 4s. on 
3 ig UKE E t ___Tine (hours) H woo S * t 


r— Am o en A ee 


Fic. 1. Hemodynamic response to E. coli septi- 
cemia (€). Bars indicate mean + Standard Error 
of mean. Shaded areas and open circles (©) indi- 
cate values for control animals ( Mean + S.E.). Sig- 
nificant in mean arterial pressure and cardiac 
output accompany a rising heart rate. 


Indocyanin green dye was injected into the 
right atrial catheter and withdrawal was 
made through the aortic catheter. The den- 
sitometer was calibrated against known dilu- 
tions of dye in the animal’s blood. 

The bacteria used were a Dunwald strain 
of E. coli, of Phage type B15:0125.* The 
colonies were maintained by weekly trans- 
fer to fresh agar slants and the doses of 
bacteria administered were verified by col- 
ony count of the final suspension. Each ani- 
mal received an average of 10!? organisms/ 
Kg. (range 2 x 10? to 2 x 101?) given in a 
volume of 10 ml. of suspension/Kg. body 
weight. 

Arterial blood pH, Pos, and Pcos were 
measured with an IL gas analyzer. Hemato- 
crits were measured by the capillary tube 
technic. 


? Furnished by the kind assistance of Dr. 
Lerner Hinshaw of the University of Oklahoma 
Medical School. 
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Coagulation Studies. The Quick one- 
stage method was used for the determina- 
tion of the prothrombin time.” The ac- 
tivated partial thromboplastin time was per- 
formed with Celite-activated phospholipid 
(Warner Chilcott) using the method of 
Nye et al.?? Platelets were counted utilizing 
the phase method of Brecker and Cronkite.!? 
Fibrinogen was measured utilizing the tur- 
bidometric method of Parsentjev.?? Assess- 
ment of fibrin-split products by the pre- 
cipitant technic of Marder and Shulman,'? 
and the eulobulin lysis time of Kowalski,” 
were used to detect fibrinolytic activity. 
The Thromboplastin Activation Time (TAT) 
of Astrup was used to test for hypercoagul- 
ability of blood 

After 2 hours of stabilization baseline 
measurements were made and the animals 
were treated as follows: 


Control Group. Following a 2-hour stabiliza- 
tion period, six baboons received 10 ml. of 
normal saline/Kg. to serve as controls. 
Coagulation studies were performed at 30 
minutes and at 1, 2 and 4 hours following 
the end of the saline infusion. The purpose 
of the Control Group was assess any effects 
of prolonged sedation or restrain on the 
animals. 


Septic Group. Fourteen baboons received 
the dose of 10*° organisms/Kg. infused over 
a 3 to 5-minute period. Prothrombin time, 
partial thromboplastin time and fibrin-split 
products were determined every 15 minutes 
for 1 hour and then hourly for 3 more de- 
terminations. Fibrinogen and platelets were 
measured at 30 minutes, 1 hour, 2 hours, 
and 4 hours following the injection of bac- 
teria. Euglobulin lysis time, white blood cell 
counts, and TAT were done at 2 and 4 
hours after E. coli infusion. Animals were 
given small incremental doses of sodium 
pentobharbitol intravenously as they became 
awake enough to struggle against the re- 
straints. The control animals required about 
50 mg. pentobarbitol/hour, after the first 
hour, while the shock animals were given 
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about 50 mg. during the second hour of 
stabilization prior to E. coli infusion, and 
required none at all after the infusion. 


Results 


None of the septic animals survived be- 
yond 88 hours after injection of E. coli. 
All of the Control Group survived the en- 
tire study and were alive and well 1 week 
later. 

The course of the hemodynamic response 
is seen in Figure 1. Subsequent to the E. 
coli injection, blood pressure and cardiac 
output both declined and were accom- 
panied by a rise in the heart rate. After 15 
minutes following the E. coli injection all 
values in the septic animals were signifi- 
cantly different from controls. While the 
major alteration took place during the first 
hour after the injection of bacteria, progres- 
sive changes occurred throughout the 4 
hours of study. The proportionate decreases 
in blood pressure and cardiac output re- 
sulted in little change in calculated total 
peripheral resistance. Right atrial pressure 
remained within the +4 cm. of baseline in 
both groups and is not illustrated in the 
figure. 

Figure 2 shows the arterial blood gas and 
pH changes which occurred during sepsis. 
Arterial pH and Pcos both fell significantly 
below control values at 1 hour after the 
injection of E. coli. There is a small, but 
unsustatined, fall in arterial Pcos at 2 hours 
after E. coli injection. Figures 3 and 4 and 
Table 1 present the hematological data. 
Prothrombin time, partial thromboplastin 
time and fibrin-split products were mea- 
sured at more frequent intervals during the 
first hour because of observations in pilot 
studies which showed that the most dy- 
namic changes occurred during that period. 
Significant changes in both prothrombin 
time and partial thromboplastin time occur 
within a half hour of the onset of septi- 
cemia. Unlike the hemodynamic changes, 
the coagulation abnormalities seem progres- 
sive throughout the shock period. By 1 hour 
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Fxc. 2. Arterial blood gases and pH in septic 
(€) and control (©) animals (Mean + S.E.). 
Control values and their standard errors are en- 
closed in the shaded areas. 
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all animals were noted to have fibrin-split 
products present in serum indicating that 
fibrinolysis was occurring. The values for 
the Control Group did not differ signifi- 
cantly at any time from their baseline mea- 
surements. Determinations of thromboplas- 
tin activation time, shown in Figure 4, show 
no decrease in the time required for initia- 
tion of the first stage of the intrinsic clotting 
system. The small change seen in the curve 
obtained 4 hours after E. coli infusion is not 
statistically significant. Figure 5 shows a 
correlation matrix giving the product-mo- 
ment correlation coefficients between vari- 
ous coagulation and circulatory parameters 
over the entire 4-hour study period. The 
measurements of coagulation, namely the 
prothrombin time and partial thrombo- 
plastin time tend to be strongly related to 
cardiac output, but not to heart rate or 
arterial pH. They show minor correlation 
with mean arterial pressure. There are mod- 
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Fic. 3. Values of prothrombin time ee Time) 
and partial thromboplastin time (PTT), and their 
standard errors, in septic (@) and control (O) 
animals. Shading also indicates control values 
(+1 S.E.). Also shown is the percentage of ani- 
mals whose serum was positive for the presence of 
fibrin split products (FSP). All control animals 
were negative for FSP. 
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erate (r= 0.46 to 0.80) correlations be- 
tween the indicators of fibrinolysis and con- 
sumption coagulopathy; namely the fibrino- 
gen, fibrin-split products, euglobulin lysis 
time, and platelets. The white blood count 
also correlates moderately well with the 
FSP, fibrinogen, and ELT. Temperature, 
pH, and Po; do not show striking relation- 
ships with any of the other parameters, 
while those variables which relate to the 
severity of the shock state (time, arterial 
pressure, and heart rate) tend to correlate 
with most of the other variables. 

A separate correlation, determined from 
measurements obtained only during the first 
hour after E. coli infusion, is shown in 
Figure 6. During this period we note that 
neither prothrombin time nor partial throm- 
boplastin time shows significant covariation 
with either mean arterial pressure or heart 
rate. 


Discussion 


Injection of live E. coli in the baboon 
produced similar hemodynamic and meta- 
bolic changes to those shown by Guenter 
et Gl? in Rhesus monkeys, although the 
baboons required a somewhat higher dose 


BASELINE 
£ HR. P E.Coli 


t € HR. p E.Coli 


Fic. 4, Thromboplastin 
activation time in ba- 
boons prior to E. coli in- 
fusion and 2 and 4 hours 
after E. coli. The three 
curves are not significantly 
different from one an- 


other. 
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of bacteria/Kg. to produce a model of uni- 
form lethality. The rapid intravenous injec- 
tion of a large number of bacteria, even 
though it does not strictly reproduce to the 
clinical situation, has allowed us to precisely 
delineate the temporal relationships be- 
tween coagulation and circulatory changes. 

Comparing Figures ] and 3, we note that 
the changes in prothrombin time and PTT 
occur simultaneously with changes in ar- 
terial blood pressure, heart rate, and car- 
diac output. However, the hemodynamic 
measurements show a linear fall over the 
first hour, while the coagulation measure- 
ments show a sigmoid shaped curve. The 
correlation coefficients in Figure 6 confirm 
this lack of relationship between hemody- 
namic and coagulation factors. The long- 
term (4-hour) correlations shown in Fig- 
ure 9 are thus taken to indicate that both 
sets of measurements indicate severity of 
the shock state, rather than a cause and ef- 
fect relationship to one another. 

The elevated prothrombin and partial 
thromboplastin times in the baboons, along 
with the decreased blood fibrinogen and 
platelets, indicate a consumption coagulop- 
athy. This, in turn, has been generally at- 
tributed to underlying disseminated intra- 
vascular coagulation.’ Most previous authors 
have attributed disseminated intravascular 
coagulation to hypoperfusion and stasis of 
blood. Our data, however, indicate that the 
coagulopathy appears at essentially the 


Fic. 5. Matrix of prod- 
uct-moment correlation bM e 
coefficients for the 4-hour i 
study period. Boldface 
numbers are significant at 
the p = 0.01 level; other l 
numbers are iaat at 
the 0.05 level. Symbols 
used are MAP = mean ar- 
terial pressure, TEMP = 
temperature, PRO.T = 
prothrombin time, PTT 
= partial thromboplastin 
time, WBC = white blood 
count, PLT = platelet 
count, FIBR = plasma 
fibrinogen concentration, 
FSP = presence of fibrin 


animals. 


-=Not Significant at P=.05 


( )-Based on léss than ten'pairs of i 
observations or less than five 
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TABLE Í 
Time (hours) Mean + S.D. 
Baseline 2 4 

WBC 

(X 10) 121+ 5.0 5.1 + 2.8 1.8 + 0.7 
PLET 

(X10) 3654 194 2164 104 131 4: 64 
HCT 38.8 t- 4.2 42.5 + 8.1 47.0 +: 8.8 
Fibrinogen 

(mg %) 425 +298 228+ 186 1542455 
ELT 

(hours) 6.5 + 0.8 0.9 + 1.4 0.2 +: 0.4 


same time as the tissue hypoperfusion. If 
stasis alone were responsible for the co- 
agulation process, one would expect a delay 
of perhaps 20 to 40 minutes before coagula- 
tion is seen, a time delay similar to the 
clotting time of blood in siliconized con- 
tainers. 

It has been shown by Nies et al? that 
bacterial endotoxin increases blood kinin 
activity, and Mason et al^ have shown 
elevated levels of both plasma kallikrein 
and Hageman factor in patients with gram- 
negative bacteremia and also in animals 
injected with endotoxin, Pettinger and 
Young ** have shown that endotoxin-in- 
duced kinins can cause activation of Hage- 
man factor. These observations along with 
the data we have described would suggest 
that the disseminated intravascular coagula- 
tion of septic shock is a direct manifestation 
of the presence of bacteria, and not a de- 


TIME MAP TEMP PROT PTT WBC PLT FIBR FSP ELT. pH HR CO, PO2 PCO2 


469 -44 -5 65 -6 -38 3S -69 -25 -58 TIME 
55 .54 45 -56 65 40 -62 36 53 64 MAP 


4). dA, oe ocu Fe = RS Ds TEMP 
- - -42 50 -4 - ~ «78 -34 - PROT 
-44 -  -42 G2 -48 -39 - -H -36 -40 PIT 
Io - 63 -70 SE 44 «63 (0 (€) =- wec 
Iı 60 -46 79 - -652 () ©) 39 PLT 
i -48 .80 .44 -44 (+) (€) - FIR 
t «TO -5 - (22 - -6 FSP 
! - «56 (83 (-) .30 &T 
l 42 -  - pH 
4| -36 -53 HR 
| (C) 46 CO 


Et os PO» 


split products, ELT = euglobulin lysis time, pH =arterial pH, HR = heart rate, C.O. = cardiac output, 
Po: = arterial oxygen tension, Pcos = arterial carbon dioxide tension. 
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TIME MAP pH HR PROT PTT FSP PO2 
| -JO -43 .44 37 43 .6e7 -3 TIME 
l 36 -64 - - - .53 MAP 
l - -52 -48 -67 - pH 
| - - - «34 HR 
-: Not Significant HE E T 
at P 2.05 | .95 e PTT 
l - FSP 


Fic. 6. Matrix of product-moment correlation 
coefficients for the first hour after E. coli a 
tration. Boldface numbers are significant at p= 
0.01 level, others at p = 0.05 level. Symbols as in 
Figure 5. 


velopment secondary to circulatory hypo- 
perfusion. 

Jt is also evident from the data in Figure 
3 that evidence of fibrinolysis, as shown by 
the presence of fibrin-split products, appears 
simultaneous with, rather than subsequent 
to, the coagulation changes. This would 
suggest that fibrinolysis may also be a direct 
effect of bacteria or bacterial endotoxin, 
rather than a secondary manifestation of 
the disseminated intravascular coagulation. 
It is also possible that the fibrinolysis may 
itself be the primary effect of the bac- 
teremia, with the hypocoagulability being 
secondary. Deykin * has recently reviewed 
evidence showing that various products of 
fibrin degredation may themselves inhibit 
the clottability of blood. This would be 
compatible with the good correlation be- 
tween fibrin split products and both pro- 
thrombin and partial thromboplastin times 
shown in Figures 5 and 6. 

We conclude, therefore, that the dis- 
seminated intravascular coagulation of E. 
coli septicemia cannot be attributed to hy- 
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percoagulability resulting from hypoper- 
fusion and acidosis. This conclusion is based 
on first, tke finding that the coagulopathy 
appears at the same time as the hypoper- - 
fusion, rather than following it, and the two 
follow separate time courses in their pro- 
gression. Second, the acidosis that does de- 
velop is not severe (mean pHa never fall- 
ing below 7.34) and does not mathemat- 
ically show high correlation with the PT 
or PIT. Third, we were unable to demon- 
strate hypercoagulability of blood evi- 
denced as a decrease in the time required 
for the first stage of clotting to take place. 
Finally, previous studies from our lab in 
which similar degrees of hypotension and 
acidosis were produced in baboons in hem- 
orrhagic shock, did not demonstrate the 
development of a similar coagulopathy.'? 
Data from that study is compared to the 
present study in Figure 2 which points out 
that the septic shock produces a greater 
prolongation of PT and PTT than hemor- 
rhagic shock and, unlike hemorrhagic shock, 
animals infused with E. coli rapidly show 
the presence of fibrin-split products in their 
blood. 


Summary 


Fourteen baboons were given lethal in- 
travenous doses of E. coli. Within 15 min- 
utes, all animals showed severe falls in 
blood pressure and cardiac output. These 
changes were most pronounced over the 
first hour following E. coli injection. Cal- 
culated total peripheral resistance did not 
change significantly. Arterial Pos remained 
essentially unchanged, while arterial pH 


TABLE 2. Ceagulation Changes of Hemorrhagic ane Septic Shock in the Baboon 


PT 

PTT 
FIBR 
PLT x 10? 
FSP 


Baseline 
CON HEM SEP 
15 16 15 
42 53 43 
355 369 425 
250 345 365 
0 0 0 


1 Hr. of Shock 


2 Hr. of Shock 


CON HEM SEP CON HEM SEP 
16 17 24* 15 17* 34* 
45 56 92* 44 58* 102* 

288 232" 335 319 176* 228* 
289 285 275 334 215 216 
0 0 -+ 0 0 -+ 


* Significantly different from baseline at p = 0,05 level, CON = control animals which were sedated but not 


subjected to shock. 
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decreased by an average of only 0.10 units. 
Marked prolongation of prothrombin and 
partial thromboplastin times, and decreases 
of platelet count and sedum fibrinogen, oc- 
curred simultaneously with the hemody- 
namic changes. Evidence of fibrinolysis also 
appeared at the same time. The time course 
of the observed changes, and the mathe- 
matical correlations between measurements, 
suggest that the coagulopathies are direct 
consequences of the bacteremia rather than 
being secondary to hypoperfusion, stasis, 
and acidosis. 
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Effects of Renal Denervation and Renin Depletion 
on the Renal Responses to Intravascular 
Volume Expansion 


LAWRENCE L. MicuaEus," M.D., Josera P. Gmmore,** Pu.D. 


From the Departments of Physiology and Surgery, University of Virginia, 
School of Medicine, Charlottesville, Virginia 


Renar denervation in the anesthetized 
dog has been reported to affect salt and 
water excretion.” © 15/16 Tt is now generally 
understood, however, thet innervation of 
the kidney is not necessary to maintain nor- 
mal renal function in the unanesthetized 
state.” 17 It has also been demonstrated that 
renal denervation does not affect the unan- 
esthetized dog’s renal responses to water or 
saline loading nor to an osmotic diuretic.* 1? 
These responses, however, are easily ex- 
plained by changes in plasma tonicity or 
oncotic pressure. 

Natriuresis and diuresis following intra- 
vascular volume expansion appears to be, 
in part, a result of humoral effector mech- 
anisms ê but the role of renal nerves in this 
response is not clearly defined. 1> 18 In the 
present study the renal effects of acute, 
isotonic, iso-oncotic, intravascular volume 
expansion were studied in unanesthetized 
American Foxhounds, prior and subsequent 
to, chronic, bilateral, renal denervation. The 
results indicate that renal nerves have little, 
if any, importance in modulating the na- 
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triuresis and diuresis following volume ex- 
pansion. 

Renal renin has been implicated as a 
modular of the natriuresis produced by in- 
travasculer volume expansion. Although 
bilateral renal denervation probably de- 
creases renin levels,!^ 2t further experiments 
were performed on these same dogs follow- 
ing pharmacologic renal renin depletion. 
These studies demonstrate that renin is not 
essential to the diuresis and natriuresis re- 
sulting from volume expansion and that 
long-term steroid administration and salt 
loading potentiate these responses. 


Methods 


Four registered American Foxhound 
bitches weighing between 17-22 Kg. and 
ranging between 11-17 months which had 
reached sexual maturity but had not been 
bred were used in this study. Eighteen 
hours before the experiment the dogs were 
transferred to an indoor environment, pre- 
hydrated with 500 cc. of normal saline in- 
travenously, and fasted from food and 
water. 

At the time of the experiment the bladder 
was catheterized transurethrally and intra- 
venous polyethylene cannulae were intro- 
duced percutaneously. In some experiments 
a small transverse incision was made under 
local anesthesia (1% lidocaine) and direct 
cannulization of a peripheral limb artery 
was performed for blood pressure monitor- 
ing. The dog was then restrained in a large 
comfortable canvas sling. Exogenous creati- 
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nine clearance was employed as an index 
of glomerular filtration rate. Approximately 
45 minutes after the creatinine infusion was 
started the bladder was emptied. This was 
confirmed with a distilled water flush fol- 
lowed by an air flush. Urine was then 
similarly collected every 10-15 minutes 
until two consecutive periods showed an 
approximately equal urine flow. Blood sam- 
ples were obtained between urine collec- 
tions. Blood volume was then expanded 
with 696 clinical dextran in normal saline 
(Cutter®) warmed to body temperature in 
an amount equal to 3% body weight, at a 
rate of 30 cc. per minute. Urine collection 
was continued every 8-12 minutes until 
urine flow reached a new steady state and 
then declined to a value equal to approx- 
imately 15 the maximal diuresis value. Blood 
was sampled between peak urine flow col- 
lections. At the end of the experiment the 
bladder was flushed with a topical antibiotic 
solution and all catheters removed. 

Plasma and blood volume determinations 
were carried out using Evans Blue dye dur- 
ing the control period and at peak diuresis. 
Blood pressure was monitored using a 
multi-channel recorded. Urine and plasma 
were analyzed for creatinine with an auto- 
analyzer, sodium by flame photometry, and 
osmolality by freezing point depression. 

The effect of intravascular volume expan- 
sion was studied twice in each animal be- 
fore renal denervation. Following the con- 
trol experiments the dogs were subjected 
to bilateral renal denervation under sterile 
operating room conditions with general 
pentobarbital anesthesia in the following 
manner: renal artery and vein were isolated 
and all renal nerves were transected. All 
adventitia was removed from the renal vas- 
culature and the vessels were coated with 
80% alcohol solution. Each kidney was 
then freed of all peritoneal and retroperi- 
toneal attachments. Finally the ureters were 
dissected free of their peritoneal attach- 
ment and stripped of their adventitia at the 
renal pelvis. 


Between 9-20 days following renal de- 
nervation the effects of intravascular vol- 
ume expansion were then again determined 
on two different occasions in each dog. 

These same dogs were then pharmaco- 
logically depleted of renin as follows: each 
dog received 25 mg. of desoxycorticosterone 
(DOCA)/day intramuscularly and 6 Gm. 
of sodium chloride by mouth twice each 
day. After at least 10 days, and no longer 
than 24 days on this regimen, the dogs were 
again prehydrated, fasted overnight, and 
the renal effects of volume expansion 
were again determined exactly as described 
above. Each dog was studied once and 
three dogs twice. Unfortunately, one dog 
(#4) died before she could be studied 
a second time. Necropsy revealed a liver 
abscess. 

A Burroughs 5500 Computer employing 
the Student ¢ test for paired data was used 
to test the statistical significance of the 
results between the control and renal de- 
nervated series. Because of the uneven num- 
ber of dogs the Student ¢ test for unpaired 
data was employed in testing for statistical 
significance between the renal denervated 
and the renin depleted series. p < 0.05 was 
taken as significant. 


Results 


The data from the experiments are ar- 
ranged in Tables 1 and 2 and the mean 
values are arranged in a bar graph in Fig- 
ure 1, Renal denervation caused a small but 
significant rise in control urine flow and 
creatinine clearance but did not significantly 
affect control sodium excretion, osmolar 
clearance, or free water clearance. There 
was no significant difference between the 
normal and the denervated dogs following 
intravascular volume expansion as regards 
diuresis, natriuresis, creatinine clearance, 
osmolar clearance, or free water excretion. 
Renal denervation significantly shortened 
the time to peak diuresis and natriuresis. 

Renal denervation did not affect the 
plasma or blood volume nor did it signifi- 
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EFFECTS OF RENAL DENERVATION AND RENIN DEPLETION 


TABLE 2. A Comparison of Additional Renal Effects of Volume Expansion Following 
Renal Denervation and Renal Renin Depletion 
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Control Renal Renin 
Series Denervated Depleted 
P p 
l I 

Wt. (Kg.) 20.6 + 0.66 20.2 + 0.71 20.4 + 0.81 
NU NZ 
N/S! N/S 

Cosm—(C? (ml./Kg./min.) 0.042 = 0.004 0.054 = 0.005 0.049 + 0.006 
De ANE 
N/S N/S 

Com —D? (mL /K g./min.) 0.228 + 0.063 0.158 + 0.022 0.298 + 0.053 
NU NI 
N/S «0.05 

CH:0—C (ml./Kg./min.) — 0.032 + 0.004 —0.038 + 0.004 — 0.022 + 0.002 
Pra Nut 
N/S «0.02 

CH:0—]) (ml./Eg./min.) — 0.056 + 0.074 0.042 + 0.038 0.055 + 0.035 
NU A 
N/S N/S 

Time to Peak Diuresis (min.) 65 + 4.2 44+ 5.1 28 + 2.0 
NZ as 
<0.05 <0.05 

Time to Peak Natriuresis (min.) 7547.5 46 + 8.8 28 + 2.0 
D bd 
«0.01 N/S 

Plasma Vol.—C (ml.) 1132 + 82 1239 + 24 1247 + 29 
NZ NA 
N/S N/S 

Plasma Vol.—D (ml.) 1681 + 39 1740 + 46 1642 + 40 
BA NU. 
N/S N/S 

Blood Vol.—C (ml.) 1855 + 173 1893 + 69 2104 + 38 
NU az 
N/S <0.05 

Blood Vol.—D (ml.) 2305 + 101 2359 + 68 2424 +.45 
ACA NZ 
N/S N/S 

Arterial Pressure—C (mm. Hg) 110 + 6.6 93 + 3.3 127 + 9.2 
k Ww 

Arteria] Pressure—D (mm. Hg) 120 + 5.8 115 + 10.0 139 + 4.0 
We 3 


Figures given are mean + S.E. 

1. Not significant ? > 0.05. 

2. C = During control period. 

3. D = Peak diuresis following dextran infusion. 
4. Sample too small for statistical significance. 


cantly alter the extent to which plasma 
volume was increased following dextran in- 
fusion. In the few animals in which it was 
measured, arterial pressure, both in the 
control state and following volume expan- 
sion, did not seem to be affected by renal 
denervation. 


When compared with renal denervaiton, 
pharmacologic renin depletion did not sig- 
nificantly alter the control urine flow, so- 
dium excretion, creatinine clearance, or os- 
molar clearance. There was a significant 
potentiation of both diuresis and natriure- 
sis in the renin depleted dogs which was not 
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Fic. 1. The renal effects of intravascular volume 
expansion in normal unanesthetized Foxhounds and 
following bilateral m denervation and renin 
depletion. Empty co ES pue the control 
series; diagonally lined columns show the result 
from the same dogs about 2 weeks post-bilateral 
renal denervation; and the horizontally lined col- 
umns show these same animals after pha mace 
renal renin depletion. Deviations of E 


accompanied by an increase in glomerular 
filtration rate at peak urine flows. Osmolar 
clearance at peak diuresis was increased in 
the renin depleted series and the time to 
peak diuresis and peak natriuresis was fur- 
ther reduced when compared to the renal 
denervated series. 

DOCA and salt-loaded dogs did not 
gain weight or demonstrate an increase in 
plasma volume but they did demonstrate 
a small mean increase in blood volume and 
a consistent increase in arterial pressure. 


Discussion 


The data presented demonstrate that the 
unanesthetized dog with chronic bilateral 
renal denervation responds to intravascular 
volume expansion with a diuresis and na- 
triuresis which is not significantly different 


in magnitude from the normal dog. This 
indicates that renal neural pathways are not 
necessary for the diuresis and natriuresis 
produced by intravascular volume expan- 
sion. 

Others who have studied intravascular 
volume expansion in dogs with unilateral 
renal denervation found no qualitative dif- 
ference between the denervated and in- 
nervated kidney. 78 However, Pearce and 
Sonnenberg ?? reported a significant attenua- 
tion of the natriuretic response to volume 
expansion in dogs with chronic bilateral 
renal denervation. These studies were car- 
ried out on anesthetized dogs exhibiting a 
marked increase in basal sodium excretion. 
Also, each dog did not serve as its own 
control. Although there is a decrease in so- 
dium excretion in the present experiments 
following denervation it is only of border- 
line significance and the animals responded 
to volume expansion with a significant 
diuresis and natriuresis in spite of renal 
denervation. 

It is of interest that after denervation the 
unanesthetized dogs in the present study 
responded to volume expansion with diure- 
sis and natriuresis more rapidly than before 
denervation. This is in contrast to Pearce 
and Sonnenberg’s series of anesthetized, bi- 
lateral, renal denervated dogs in which the 
diuresis was significantly delayed. This 
discrepancy could be due to anesthesia, al- 
though in the basal state barbiturate anes- 
thesia increases sodium excretion in the 
denervated kidney.” ® 1518 The aforemen- 
tioned lack of each dog serving as its own 
control in Pearce’s series could also account 
for this discrepancy. 

It has been reported that the transplanted 
(and therefore—at least initially—dener- 
vated) human kidney exhibits the expected 
natriuretic response following expansion of 
the exteracellular compartment with normal 
saline * and a marked increase in dietary 
sodium. An important difference between 
these ard the present study is that in the 
latter the stimulus to natriuresis was expan- 
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sion of only the intravascular space rather 
than an increase in the entire interstitial 
volume including that of the kidney. It 
must also be considered that the studies 
of Bricker and associates ? were carried out 
6 months after transplantation and those of 
Blaufox et al. between 1% and 6 months 
after transplantation. The renal denervated 
dogs in the present experiments were studied 
no later than the 20th postoperative day, 
and although there is no histologic evidence 
for denervation it seems unlikely that any 
significant nerve regeneration would occur 
after such a short interval, particularly in 
view of the procedure employed to dener- 
vate. Also, Russell e£ al.1* have reported on 
the basis of renal tissue catecholamines that 
reinnervation of the kidney appears to oc- 
cur between 120 and 160 days following 
denervation. 

The role of renin in modulating the renal 
responses to volume expansion is not clear. 
In light of the accelerated natriuresis seen 
in hypertensive patients following volume 
expansion ë it would be feasible, in some in- 
stances, to implicate renin although plasma 
renin is not elevated consistently in hyper- 
tension.* Álso, renal denervation has been 
reported to deplete renal renin levels ** 21 
and Pearce has suggested that the depres- 
sion of natriuresis which he observed in bi- 
lateral renal denervated dogs and chronic 
spinal dogs may be related to renin deple- 
Gon. 

Although it is likely that bilateral renal 
denervation depleted renal renin levels the 
renal denervated animals were placed on a 
pharmacologic regimen which is known to 
degranulate secretory cells of the juxta- 
glomerular apparatus and to deplete renal 
renin levels.* ?? These dogs showed a po- 
tentiated and accelerated diuresis and na- 
triuresis following blood volume expansion 
indicating that renin is not essential for 
these responses. 

We have no direct evidence that renin 
was actually depleted in these particular 
dogs. However, preliminary studies demon- 
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TABLE 3. Abbreviaitons and Acronyms 





D.O.C.A.—Desoxycorticosterone Acetate 
G.F.R.—Glomerular Filtration Rate 
À.D.H.—Anti Diuretic Hormone 
V—Total Urine Flow (Diuresis) 
UnaV—Total Sodium Excretion (Natriuresis) 
Cer—Creatinine Clearance (Index of Glomerular 
Filtration Rate) 

Cesm—Osmolar Clearance (The amount of urine 
output which is dependent on the solute 
excretion.) 

CH:0— Free Water Clearance (The amount of urine 
output which is dependent on ADH and 
is not regulated by solute excretion.) 


strate a marked reduction in the extent to 
which renal venous blood renin rises during 
ureteral ‘occlusion in identically prepared 
dogs. We feel that the potentiated response 
in these dogs is not due to renin depletion 
but to the steroid and salt administration. 
Wright and associates ?? found that poten- 
tiations of natriuresis following saline load- 
ing in the DOCA escaped dog is associated 
with an inhibition of proximal sodium re- 
absorption to an extent greater than that 
observed in the normal dog. 

The relevance of the present study to the 
accelerated natriuresis secondary to intra- 
vascular volume expansion seen in hyper- 
tensive patients is not clear. It has been 
shown that there is an increase in arterial 
wall sodium in the hypertensive state.” 2° 
In view of the finding that sodium content 
of the blood vessel wall has a direct correla- 
tion with vascular resistance ? it is tempting 
to postulate that the animals loaded with 
DOCA and salt developed an increase in 
arterial wall sodium and the resultant in- 
crease in vascular tone afforded an acceler- 
ated response to volume expansion by in- 
creasing the sensitivity of the involved in- 
travascular volume receptors. 

It is to be emphasized again that in 
the present study volume expansion was 
achieved through use of an isontonic iso- 
oncotic solution. This volume expansion 
was essentially limited to the intravascular 
space. If the mechanism of the potentiation 
of natriuresis and diuresis in the renin de- 
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pleted experiments is the same as the mech- 
anism involved in the similar potentiation 
following saline infusion in hypertensive 
patients the experiments indicate that a 
change in extravascular volume is not neces- 
sary for the response. 


Summary 


The renal effects of isotonic, iso-oncotic, 
intravascular volume expansion were studied 
in unanesthetized American Foxhounds and 
repeated following bilateral, chronic, renal 
denervation and pharmacologic renin de- 
pletion by DOCA and salt. These studies 
indicate that neither renal nerves nor renin 
are necessary for the diuresis and natriuresis 
resulting from intravascular volume expan- 
sion. DOCA and salt loading affords a po- 
tentiation of these responses, the mechanism 
of which may be similar to that observed in 
hypertensive patients. 


Acknowledgments 


The experiments were carried out with the 
technical assistance of Mr. Charles Mitchell and 
Mr. John Gordon. 


References 


l. Ponit, P., Hajdu, A., Kiss, E. and Sturz, J.: 
On the Function of the Denervated Kidney. 
Acta Physiol. Hone, 15:1, 1959 
2. Berne, R. M.: Hemodynamics and ‘Sodium Ex- 
cretion of Denervated Kidney in Anesthetized 
and Unanesthetized Dog. Am. J. Physiol. 
171:148, 1952. 
3. Blake, W. D.: Relative Roles of Glomerular 
Filtration and Tubular Abosrption in Dener- 
as Diuresis. Am. J. Physiol, 202:777, 


4, Bhutox M. D., Lewis, E J., Jagger, P., Lauler, 
D., Hichler, R, and M pope: Physiologic 
Responses of the atd Human Kid- 
ney. N. Paa J. Med., 280:62, 1969. 

5. Bur her, ME c R., Reardon, J. B. 

gee on the Functional 

Car aeiy ma a "Denoeated Homotransplanted 

ey in An Identical Twin with Parallel 

ane in the Donor. J. Clin. Invest., 
35:1364, 1956. 

6. de Wardener, H. E. S I. H., Clapham, 
W. F. and Hayter, C : J.: Studies on the 
Efferent Mechanism of the Sodium Diuresis 
which Follows the Administration of Intra- 
MEE Saline in the Dog. Clin. Sci., 21:249, 


1961 
7. Hartroft, P. M. and Hartroft, W. S.: Studies 
on Renal Juxtaglomerular Cells. 1. Variations 
Produced by Sodium Chloride and Desoxy- 


MICHAELIS AND GILMORE 


8. 


1964. 
9. Laragh, J. H., Seale 


10. 
11. 
12. 
i3. 
14, 
15. 
16. 
17. 
18. 
19. 


20. 


21. 
22. 


23. 


Ann. "e BAR dc 
Vol. * No. 


corticosterone Acetate. J. Exp. ee 97:415, 


Laragh, J. H., Cannon, P. J. and Ames, R. P.: 
Interaction between Aldesterone Secretion, 
Sodium and Potassium Balance, and Angio- 
tensin Activity in Man: Studies in Hyperten- 
ED and Cirrhosis. Can. Med. Assoc. J., 90: 

, J. E. and Sommers, S. 

: Patterns of Adrenal Secretion and Uri- 
nary Excretion of Aldosterone and Plasma 
Renin Activity in Normal and Hypertensive 
Subjects. Circ. Res, 18, Suppl. I: I-158~ 
174, 1966. 

Levinsky, N. G. and Lalone, R. C.: The Mech- 
anism of Sodium Diuresis after Saline Infu- 
on in the Dogs. J. Clin. Invest., 42:1261, 


Pearce, J. W.: Renal Nervous and Spinal Path- 
ways and the Reflex Regulation of Extra- 
o ag Fluid Volume. Fed. Proc., 27:1142, 


Pearce, J. W. and Lichardus, B.: Effects of 
Vagotomy and Renal Denervation on Renal 
Response to Blood Expansion. Can. J. Physiol. 
Pharmacol., 45:689, 1967. 

Pearce, J. W. and Sonnenberg, H.: Effects of 
Spinel Section and Renal Denervation on the 
Renal nope to Blood Volume Expansion. 
Can. J. Ph DE Pharmacol, 43:211, 1965. 

Russell, J. H., Mogil, R. A., Itskovitz, H. D. 
and Murphy, J. J.: Renal Innevration and 
Renin ee Circulation, 35 & 36: Suppl. 
WT: I1-228, 

Sartorius, O. W. and Burlington, H.: Acute 
Effects of Denervation on Kidney Function 
in the Dog. Am. J. Physiol. 185: 407, 1956. 

Surtshin, A.: Mueller, C. B. and White, H. L.: 
Effect of Acute Changes in Glomerular Fil- 
tration Rate on Water and Electrolyte Ex- 
creticn: Mechanism of Denervation Diuresis. 
Am. J. Physiol, 169:159, 1952. 

Surtshin, A. and Schmandt, W. P.: Comparison 
of Continuously Collected Urines from the 
Two Normal Kidneys and Some Effects of 
Unilateral Denervation. Am. J. Physiol., 185: 
418, 1956. 

Tobian, L.: Interrelationships of Electrolytes, 
iuxta glomerular Cell, and Hypertension. 
Physiol. Rev., 40: a 1960. 

E E and F Fox, A: The Effect of Nor- 
epinep hrine on the Electrolyte Composition 

Arterial Wall Smooth Muscle. J. Clin. 
Invest., 35:297, 1956. 

Tobian, L., Thompson 4 Twedt, R. and 
Janecek, J.: The ae eee of Juxtaglomeru- 
lar Cells in Renal Hypertension, Adrenal Re- 
generation Hypertension and Adrenal Insuffi- 
ciency. 

Ueda, H., Takawa, H., Ishii, M. and Keneko, 

Y.: iot of Renal Denervation on Release 
and Content of Renin in Anesthetized Dogs. 
Jap. rad E 156, 1967. 
Uhych, M., Hofman, if and Hejl, Z.: Cardiac 
and Renal Hyperresponsiveness to Acute 
Plasma Volume Expansion in Hypertension. 
Am. Heart J., 68:193, 1964. 

Wright, F. S., Knox, F. G., Howards, S. S. and 
Berliner, R. W.: Reduced Sodium a 
tion by the Proximal Tubule of DOCA— 
ae Dogs. Am. J. Physiol., 216:869, 


Control of Hypercalcemia with Mithramycin 


Eras G. Eras, M.D., Gusravo Reynoso,* M.D., ARNOLD MrrrELMAN, M.D. 


From the General Clinical Research Center, Department of Surgery and the 
Department of Clinical Pathology, Roswell Park Memorial Institute, 
New York State Department of Health, Buffalo, New York 


HYPERCALCEMIA may occur in numerous 
disorders such as hyperparathyroidism, hy- 
perthyroidism, hypervitaminosis D, sarcoid- 
osis, multiple myeloma and in a variety of 
neoplastic diseases with or without bone 
metastasis.” Severe hypercalcemia is life 
threatening and necessitates prompt correc- 
tion. The patients in whom underlying dis- 
ease might be susceptible to palliation or 
cure may succumb to this complication. 
Various therapeutic measures have been 
described for temporary control, including 
restriction of calcium intake, hydration, 
adrenocortical steroids, administration of 
phosphate and sulfate preparations, cit- 
rate,!? chelating agents? and dialysis. Ex- 
cept for steroids and phosphate infusion, 
all other modalities are generally unsatis- 
factory. 

Mithramycin, an antibiotic with cytotoxic 
activity, was found to induce hypocalcemia 
in normocalcemic as well as in hypercal- 
cemic patients? Perlia?! has shown the 
short-term effect of mithramycin in hyper- 
calcemia of malignant origin. This report 
confirms and extends these observations. It 
suggests that long-term control of hyper- 
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calcemia may be achieved by the judicious 
use of mithramycin. 


Materials znd Methods 


Twelve patients with hypercalcemia were 
admitted to the General Clinical Research 
Center at Roswell Park Memorial Institute. 
The pertinent clinical data are presented in 
Table 1. Eleven patients had malignant dis- 
disease of various origins with and without 
bone metastases. One patient had a para- 
thyroid adenoma. They all had moderate to 
marked elevations of serum calcium before 
therapy was instituted. They all received 
low calcium diets and were hydrated with 
at least 3,000 ml. of fluids daily. If nausea 
and anorexia were sufficiently severe, the 
patient received 3,000 ml. of 596 dextrose/ 
0.33% normal saline per day. Daily blood 
chemistry determinations including serum 
calcium,? phosphorus,? and 24-hour urinary 
calcium ? and phosphorus * were measured. 

If hypercalcemia persisted after 3 days 
of adequate hydration, the patient received 
mithramycin. The drug was given intra- 
venously as one direct injection of 25 ug./ 
Kg. body weight per day. If the serum cal- 
cium did not reach normal levels within 48 
hours, another dose was given. 


Results 


Table 2 shows that in all cases there was 
a significant decline in serum and urinary 
calcium concentration following the intra- 
venous administration of mithramycin. The 
maximum lowering of serum calcium was 
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TABLE 1. Patients with Hypercalcemia Treated with Mithramycin 
Metastasis Metastasis 
Case No. Patient Age Sex Primary Tumor By X-Ray at Autopsy 
1 E. W. 49 F Hepatoma Absent Absent 
"2 L. S. 62 F Breast (adenocarcinoma) Present Present 
3 M. B. 58 M Lung (adenocarcinoma) Present No autopsy 
G. H. 73 F Breast (adenocarcinoma) Absent Present 
5 A. P. 61 M Lung (squamous cell Present Present 
carcinoma) 
B. B. 13 F Melanoma Present Present 
7 G. S. 55 M Antrum (squamous cell Present locally Present locally 
carcinoma) 
8 J. B. 69 M Penis (squamous cell Absent Absent 
carcinoma) 
9 M. B. 54 F Breast (adenocarcinoma) Present Present 
10 C. S. 33 F Cervix Uteri (squamous Absent Absent 
cell carcinoma) 
11 J.I. 67 M Lung (squamous cell Present Present 
carcinoma) 
12 F. D. 61 F Parathyroid (adenoma) None (benign) Living 


* Hormone induced (diethvl-stilbesterol). 


usually observed 48 hours after a single 
dose of mithramycin, but in several in- 
stances it continued to decline for 4 days. 
Two patients in this group were in hyper- 
calcemic crisis with serum calcium of 19- 


19.5 mg./100 ml. Forty-eight hours after 
they received the drug, these values de- 
clined promptly; they became fully con- 


scious and alert (Fig. 1). Patient 9 was 


treated for a long period of time intermit- 


TABLE 2. Effect of Mithramycin on Hypercalcemia 


Serum (mg./100 ml.) Urine (mg./24 hr.) 








Calcium Phosphorus Calcium Phosphorus 

Case M Doses/ poe a ———— ———— 

No. No. of Days Pre. Post. Pre. Post. Pre. — Post. Pre. Post. 
1 5/5 13.1 9.8 3.7 3.1 793 30 837 140 
2 4/4 19.5 8.5 3.4 1.9 2,000 190 884 288 
3 4/4 14.2 8.0 2.9 i 825 50 450 80 
4 3/3 15.0 7.0 4.5 4.5 240 100 360 123 
5 2/2 19.2 8.3 4.0 2.8 — — — — 
6 2/2 13.2 9.2 34 26 280 30 468 48 

7 1 12.8 10.7 3.7 2.6 274 142 285 167 
8* 1 14.2 12.8 3.6 2.8 — — — — 
9 Í 13.5 8.0 4.0 1.5 400 200 1,200 108 
10 2/3 14.0 9.2 14 3.6 — — — — 
11 1 13.3 10.5 26 3.2 — — — — 
12 1 13.2 10.0 4.1 2.9 470 65 — — 





The lowest values after therapy were recorded. 

* Died 30 hours after a single dose of mithramycin (not drug related). 
The post M values were obtained 18 hours after the injection. 

M = Mithramycin 25 ug./Kg./day (single dose). 
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tently with the drug and Figure 2 shows 
. part of the course. Patients 11 and 12 were 
treated similarly for over 3 months with 
comparable responses. 

The effect of mithramycin is not perma- 
nent and if the underlying cause is not cor- 
rected, hypercalcemia will recur. The dura- 
tion of response varied from 5 to 15 days. 
This period of control was sufficient for pa- 
tient 12 to be operated upon under general 
anesthesia for removal of parathyroid ade- 
noma, while the serum calcium was 10 mg./ 
100 ml. Figure 2 shows patient 9’s course 
who underwent hypophysectomy to control 
the primary disease while the serum cal- 
cium level was normal. Patient 3 underwent 
hip nailing under general anesthesia. 

Mithramycin was effective in reducing 
serum and urinary calcium in hypercalcemia 
whether it was of benign or malignant ori- 
gin: In 11 patients with malignancy, hyper- 
calcemia responded to mithramycin regard- 
less of the cell type, primary site of the 
tumor, extent of metastasis, and/or the 
presence or absence of bone metastasis. Al- 
though hypercalcemia responded to this 





D* 44 
t n 
g k 
3 ii 
PINNU 
Fic. 2. (Patient 9) a see f 
Shows the effect of inter- | 8 V 
mittent administration of (ou. 
mithramycin (M). This EE 3 
patient underwent h 0- 5 2 us 
physectomy safely while Pa | 2-34 35 


The top curve presents 
serum calcium and phos- 
phorus. The bottom curve 


presents urinary calcium M 
and phosphorus. No tox- 7 & £09 
icity was noted at any t RICO 
time. 5E 
G €00 
NE 
> 600 
ga 400 
52 
o 200 


e 


2 4 6 8 0 2 
—— — — Number of days 


E 


8 IQ |? !4 6 IB 20 22 24 26 28 30 32 34 36 38 
4— — —— Number of days 


433 

M M 
e 0| VV 
E 18 
= 
X» K 
o 
1 14 
o 
= 12 
oj 
€E 10 
3 
= 8 Calcium 
U 
E 6 
re 
a 4] o... 

Ei com" 
2 l ~O—~9 Phosphorus 





] 2 
ON STUDY DAYS 
Fic. l. (Patient 5) Effect of mithramycin on 


3 4 5 6 


serum calcium and phosphorus. This patient was 
in hypercalcemic crisis and he received two doses 
of mithramycin (M). Note the dramatic decline in 
serum calcium. The patient became conscious and 
alert 48 hours after initiation of therapy. 


therapy, they succumbed to their disease. 
This indicates that the effect of the drug 
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TABLE 3. Blood Chemistry Determinations before and after Mithramycin 
BUN SGOT Alk. Phos. Albumen Bilirubin LDH 
Case M Doses/ ————— —————————— 0 ———À—— 
No. No. of Days Pre. Post. Pre. Post. Pre. Post. Pre. Post. Pre- Post. Pre. Post. 
1 5/5 3 ‘3 77 460 40 85 43 3.9 0.3 0.3 80. 250 
2 4/4 18 16 82 196 85 100 40 4.0 0.8 0.6 165 413 
j 4/4 9 10 27 77 80 85 29. 25 04 0.5 210 430 
4 3/3 75 50 53 1,250 72 110 2.5 19 0.5 04 374 3,000 
5 2/2 24 23 — 50 120 140 22 15 04 0.4 216 180 
6 2/2 19 11 125 123 100 110 32 3.1 0.5 03 730 565 
7 1 9 10 84 93 124 115 2.6 2.6 0.6 0.5 203 260 
8 1 56 68 78 n 96 — 21 — — = — — 
9 1 20 12 64 70 160 150 — 28 0.6 0.4 99 139 
10 2/3 11 15 193 187 170 175 $2. $3 18 1.9 404 455 
11 l 36 20 23 18 113 115 XI. 33 03 03 455 496 
12 1 9 10 32 30 — = 35 35 0.2 0.2 96 90 


BUN—Blood urea nitrogen mg./100 ml. 


SGOT—Transaminase, I.U./ml. (normal = 10-40) 


Alk. Phos.—Alkaline Phosphatase, I.U./ml. (normal = 30-85) 


Bilirubin— Total mg./100 ml. (normal 0.1-1.0) 


LDH—Lactic dehydrogenase, I.U./ml. (normal = 90-200) 


M—Mithramycin 25 ug./Kg. body weight/day 


on hypercalcemia is not via control of the 
neoplastic process. Patient 12 had a para- 
thyroid adenoma and the hypercalcemia re- 
sponded repeatedly to the drug. The serum 
calcium level ranged between 12-13.2 mg./ 
100 ml. and she required the drug every 
10-15 days to bring the serum calcium to 
10 mg./100 ml. level. 


Toxicity 


Early in the study, the drug was admin- 
istered daily and Table 3 shows that hepatic 
toxicity may develop after three to five suc- 
cessive daily doses ( Cases 1-4). If the drug 
.was given in two successive doses (Cases 
5-6) or in a single dose periodically (when 
hypercalcemia recurred), no toxicity was 
encountered. 

Ten autopsies were performed on patients 
with metastatic carcinoma and none showed 
any metastatic calcifications in soft tissues 
except nephrocalcinosis in eight of them. 
The two patients who showed no nephro- 
calcinosis were patients 9 and 10, who were 
in-patients when they became hypercal- 
cemic; they were treated promptly, re- 
peatedly and continuously until they died 
of the metastatic diseases. The other eight 


patients were hypercalcemic for variable 
periods of time before any therapy was 
initiated. They were then treated with 
mithramycin. The drug was discontinued 
when it became apparent that the primary 
disease could not be controlled. 


Comments 


Mithramycin is a chemotherapeutic agent 
that has some clinical use in the treatment 
of embryonal cell carcinoma of the testes.! 
As a chemotherapeutic agent, it is usually 
given in a dose of 25 ug./Kg. intravenously 
daily for 10 days/course every month. This 
dosage may cause nausea and vomiting, 
hepatic, renal and bone marrow toxicity. It 
was also noticed that it induces hypo- 
calcemia. 

In this study, the drug was used to study 
its hypocalcemic effect on hypercalcemic 
patients. A single dose (1/10 of the chemo- 
therapeutic dose) given once or intermit- 
tently was effective in reducing the elevated 
serum and urinary calcium levels. This dos- 
age schedule induced no toxicity. 

Impaired renal function often due to hy- 
percalcemia is not a contraindication to 
therapy; on the contrary, it is an indication 
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for mithramycin therapy. We did not en- 
counter any renal or bone marrow toxicity 
in the 12 patients studied. The acute nausea 
and vomiting accompanying administration 
of mithramycin was not seen in hypercal- 
- cemic patients. Rather the GI tract symp- 
toms induced by hypercalcemia were al- 
leviated by mithramycin. 

"The effect of mithramycin in controlling 
hypercalcemia is not a permanent one. The 
effect of a single dose of 25 p»g./Kg. can 
result in a decrease of serum calcium of 
varying magnitude. Daily monitoring of se- 
rum calcium, phosphorus, renal and hepatic 
function are needed to use the drug succes- 
sively. The mechanism of action of mithra- 
mycin remains unknown. Metastatic calcifi- 
cation, commonly encountered in phosphate 
therapy does not seem to occur in those 
treated with mithramycin. The conclusion 
is supported by patients 9 and 10 of our 
study, who had no detectable nephrocal- 
cinosis at autopsy and the study of Perlia.!! 

Our experience and that of others indi- 
cates a clinical usefulness for mithramycin 
in the control of hypercalcemia of varying 
origin. In some instances it was possible to 
adequately and safely control hypercalce- 
mia with this agent for a relatively long 
time. This may allow for a therapeutic at- 
tack upon the basic disease whether it be 
a parathyroid adenoma, extensive skeletal 
` metastases or a neoplasm secreting a para- 
. thormone-like substance. Furthermore, once 
hypercalcemia and hypercalcuria are de- 
tected, the judicious use of mithramycin 
may prevent nephrocalcinosis until defini- 
tive therapy is instituted. 


Summary 


Mithramycin, an antibiotic with cytotoxic 
activity, was administered to 12 patients 
with hypercalcemia. One patient had a 


parathyroid adenoma and 11 patients had 
a variety of metastatic carcinomas with and 
without bone involvement. Effective reduc- 
tion of elevated serum and urinary calcium 
levels was accomplished in all for a period 
of 5-15 days. When hypercalcemia recurred, 
repeated administration of the drug can be 
effective. The drug is safe if used inter- 
mittently in a single dose of 25 pg./Kg. 
body weight. If repeated administration is 
needed, the drug can be given every other 
day and the patient should be observed for 
hepatic and/or hematological toxicity. 
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Gastrointestinal Suture Line Disruption Following 
Gastrectomy for Malignant Tumor 


Bimar C. Gnosg,? M.D., Harry S. GorpsurrH,?*? M.D. 


From the Department of Surgery, Memorial Sloan-Kettering Cancer Center, 
New York City 


GASTROINTESTINAL suture line disruption 
is a dangerous possibility after gastrectomy 
for gastric carcinoma. This hazard increases 
when a simultaneous splenectomy is per- 
formed for iatrogenic reasons or as part of 
a multivisceral excision. This study reports 
the occurrence of suture line disruption, fol- 
lowing gastric resection for gastric carci- 
noma, which may occur more frequently 
than realized and is associated with a high 
mortality rate. 


Material 


From January 1, 1961 to December 31, 
1969, 564 patients were seen at the Memo- 
rial Sloan-Kettering Cancer Center with 
malignant tumor of the stomach. Three 
hundred and ninety-three of these patients 
were surgically treated with some type of 
gastric resection. Following gastric resec- 
tion, in 22 (5.6%) patients breakdown oc- 
curred at the gastrointestinal anastomosis 
with subsequent leakage into the peritoneal 
cavity. 

Of the 22 patients who developed gas- 
trointestinal disruption, 12 were men and 
ten were women. Except for two patients, 
all were 50 or more years in age, with 
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an average of 63.7 years. Thirteen pa- 
tients (59%) preoperatively were hypo- 
albuminemic, ranging from 2.2-3.7 Gm./ 
100 ml. (Table 1). Fifteen patients (68.3%) 
had preoperative hemoglobin levels below 
12 Gm./100 ml. (Table 2). 

Ten of the patients who developed suture 
line leaks had undergone high subtotal 
gastrectomies, four had total gastrectomies, 
and eight had multivisceral excisions in con- 
junction with gastrectomy (Figs. 1 and 2). 

Following gastrectomy, clinical evidence 
of gastrointestinal suture line breakdown 
occurred between 4 to 22 days after opera- 
tion w:th postoperative disruption occurring 
most frequently between 4 to 6 days in 14 
patients (63.7%) (Table 3). 


Treatment 


In 13 patients (59% ), the gastrointestinal 
suture line disruption presented either with 
an abscess at the skin level or an intraperi- 
toneal collection resulting from the leak. 
These patients were treated either by drain- 
age of the skin abscess or by laparotomy 
fo- the intraperitoneal abscess. No effort 
was made to close the gastrointestinal su- 
ture line opening or to reroute the gastro- 
intestinal contents from entering the area 
of the leak. All patients, but one, died who 
were treated in this manner ( Table 4). 

Another five patients were treated ini- 
tially by conservative means after discovery 
of a suture line leak. Subsequently, these 
patients required surgical exploration for 
repair or bypass of the anastomotic disrup- 
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TABLE 1. Serum Album Determinations 








Per Cent 





Albumin No. 
Less than 3.7 Gm./100 ml. 13 59.1 
More than 3.7 Gm./100 ml. 7 31.8 
*Not known 2 9.1 
Total 22 100.0 








* Serum protein was less than 6 Gm./100 ml., but 
exact level of Serum Albumin was not recorded. 


TABLE 2. Hemoglobin Determinations 











Hemoglobin No. Per Cent 
Over 12 Gm./100 ml. 7 31.7 
Between 10-12 Gm./100 ml. 8 36.6 
Below 10 Gm./100 ml. 7 31.7 





tion. All patients died who were treated 
in this manner. 

The remaining four patients in this study 
were operated upon immediately after dis- 
covery of a suture line leak. The treatment 
of these patients included; (1) closure of 
perforation and insertion of a feeding jeju- 
nostomy tube, (2) cervical esophagostomy 
and drainage, (3) feeding jejunostomy tube 
and sump drainage, (4) closure of perfora- 
tion. Only two of the four patients survived; 


TABLE 3. Day of Disruption 








Postoperative Days No. Per Cent 

1-3 0 0 

4-6 14 63.7 

7-9 4 18.1 

10-12 2 9.0 

13-16 1 4.6 
17-19 0 0 

20-22 1 4.6 

Total 22 100.0 








TABLE 4. Treatment and Result 


Treatment Total Living Dead 








Drainage of cutaneous or 


intra-abdominal abscess 13 1 12 
Delayed operation after 

conservative treatment 5 0 5 
Immediate operation 4 2 2 

Total 22 3 19 





SSS 





< po 
s: BS 


Fic. 1. High subtotal gastrectomy and splenec- 
tomy. Peritonitis developed on fifth postoperative 
day. Extravasated contrast material demonstrates 
anastomotic disruption. 

one who underwent jejunostomy and sump 
drainage, and the other who had direct 


closure of the suture line perforation. 


Discussion 


Following the performance of any type 
of gastric resection for gastric cancer, a sub- 


Y 


"wet I : ~~ 
| t 

Fic. 2. Extended total gastrectomy including 
splenectomy. A gastrograffin* swallow on fifth post- 


operative day shows leakage from gastrointestinal 
suture line. 
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TABLE 5. Type of Surgery in 22 Cases 


Surgery 


Subtotal gastrectomy 
Total gastrectomy 


Gastrectomy with excision of other viscera 
Total 


Simultaneous 


No. Per Cent Splenectomy Per Cent 
10 45.4 3 13.6 
4 18.0 3 13.6 
8 36.6 7 31.8 
13 59.0 


ie 100.0 


sequent upper gastrointestinal suture line 
leak is a real and dangerous possibility. 
Leakage after distal gastrectomy and sple- 
nectomy is probably more common than 
realized, even though this complication was 
first reported in 1953? and subsequently 
only approximately 20 cases have been re- 
ported in the literature.*: + 


A proximal gastric remnant normally re- 
ceives its entire blood supply from the left 
gastric artery on the lesser curvature of the 
stomach and from the short gastric arteries 
originating from the splenic artery on the 
greater curvature. Devitalization of the 
proximal gastric remnant becomes possible 
when the left gastric artery is divided at its 
origin and the spleen is removed. If the 
blood supply to the gastric remnant is in- 
terrupted in this manner, there may be no 
actual necrosis of the gastric wall, but sim- 
ply an inability of the stomach to heal its 
suture line; a finding which has been ex- 
perimentally demonstrated in dogs. This 
opportunity for non-healing would be ex- 
pected to be increased in patient with gas- 
tric carcinoma, because of arteriosclerotic 
changes expected in older patients in addi- 
tion to hypoalbuminemia and a low hemo- 
globin level associated with gastric malig- 
nancy. 

If an upper gastrointestinal suture line 
leak is suspected following gastrectomy, 
immediate diagnosis is necessary. This can 
be confirmed radiologically following a gas- 
trographin® or barium swallow x-ray or by 
allowing the patient to ingest a dye marker 
with subsequent observation of colored 
drainage upon the abdominal wall. Prompt 
diagnosis of suture line leak is necessary to 


institute the earliest treatment. There is lit- 
tle to be gained by treating these patients 
conservatively after the intestinal tract has 
begun to leak. Since only three of the 22 
patients in this series survived, it is difficult 
to be dogmatic as to the optimal manner in 
which this complication should be treated. 
It would appear, however, that the best 
method is to directly repair the defect in 
the gastrointestinal suture line if technically 
possible. When this is not feasible, a sump 
drain should be placed at the suture line 
and a feeding jejunostomy tube inserted for 
subsequent nutrition treatment should also 
include intravenous hyperalimentation. 


Summary 


This report reviewed the clinical course 
of 22 patients who developed leakage at the 
gastrointestinal suture line following gastric 
resection for malignant tumor of the stom- 
ach. This complication occurred in 5.6% of 
the patients who underwent some type of 
gastrectomy. It would appear that there is 
little to be gained by treating this complica- 
tion conservatively, and an aggressive sur- 
gical approach is the treatment of choice. 
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Actions of Cholecystokinin/Pancreozymin, Secretin 
and Gastrin on Extra-hepatic Biliary Tract 
Motility in Vitro 


J. Toours, B. Mz».Scr., M.B., B.S., J. McK. Warts, M.B., B.S., F.R.A.C.S. 


From the Depariment of Surgery, Monash University, Alfred Hospital 
and Prince Henry’s Hospital, Melbourne, Australia 


To THE duodenal hormone cholecysto- 
kinin/pancreozymin is ascribed the dom- 
inant role in the regulation of the motor 
activity of the extra-hepatic biliary tract. 
However, it is not clear whether the other 
gastroduodenal polypeptide hormones gas- 
trin and secretin have any direct action on 
the biliary musculature. 

In a previous report we described the 
distribution of smooth muscle, the in vitro 
motility of the common bile duct of man 
and the dog and the in vitro motility of the 
gallbladder and sphincter choledochus in 
the dog.5 In both man and the dog, the 
wall of the common bile duct was found to 
contain small quantities of smooth muscle, 
which was in greater amount at the lower 
end and orientated chiefly in a longitudinal 
direction. Longitudinally suspended speci- 
mens of the common bile duct were found 
to exhibit spontaneous contractions in char- 
acteristic wave forms ín vitro (Fig. 1). Fur- 
thermore, the common bile duct, gallblad- 
der and sphincter choledochus responded 
to the stimulus of both sympathomimetic 
and parasympathomimetic drugs. 

The purpose of this study was to investi- 
gate the effects of the gastrointestinal hor- 
mones cholecystokinin/pancreozymin, se- 
cretin and gastrin, on the motility of the 
common bile duct, gallbladder and sphinc- 
ter choledochus of the dog and on the motil- 
ity of the human common bile duct in vitro. 


Submitted for publication February 25, 1971. 


Material 
Canine Specimens 
Thirty specimens of the extra-duodenal 


common bile duct, ten specimens of the 
sphincter choledochus and four gallbladders 


-were obtained at laparotomy from healthy 
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anesthetized dogs. 


Human Specimens 


One specimen of the whole human extra- 
hepatic biliary tract was obtained from a 
cadaver kidney donor 30 minutes after 
death. Four longitudinally cut strips 2-3 
mm. in width and 1-2 cm. in length were 
obtained at operation from the common 
bile duct in four patients undergoing supra- 
duodenal exploration of dilated ducts. 


Methods 


Immediately after removal all specimens 
were placed in Earles solution at room 
temperature. 

Common bile duct specimens were studied 
for changes in length in the longitudinal 
axis by suspending the duct by threads at- 
tached to each end of the duct. 

The canine sphincter choledochus was 
studied by excision of all duodenal muscle 
around the intra-duodenal segment of the 


common bile duct, leaving a band of mus- 


? Composition of Earle’s solution: 
NaCl 6.80 Gm.; KCl 0.40 Gm.; CaCh 0.20 Gm.; 
MgSO,-7H;0 0.20 Gm.; NaH;PO,: H;O 0.14 Gm.; 
NaHCO, 2.20 Gm.; Glucose 1.00 Gm.; Water 1 liter 
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Fic. 1. Spontaneous 
activity of the canine 
common bile duct in 
vitro. The rg lee 
wave P is demon- 
strate ay changes in the 
length the duct. Two 
types a waves are shown: 
Spiked waves of 5 to 15 

seconds duration and of 
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a “Requedey of 3 to 4 per minai and waves of greater amplitude of 20 to 30 seconds duration and 


frequency of 2 to 3 per minute. 


cle approximately 2 mm. in thickness around 
the duct. The motility of the circular mus- 
cle of the sphincter was studied by suspen- 
sion of the sphincter between two looped 
threads passed through the duct lumen. 
Motility of the longitudinal muscle of the 
sphincter was studied by suspending the 
sphincter between two threads, one at- 
tached at the entrance of the common bile 
duct into the duodenum, the other at its 
exit on the duodenal papilla. 

In vitro motility of the canine gallbladder 
was studied by preparing full thickness 
strips approximately 1 cm. in width and 
4 em. in length, cut obliquely from the wall. 
These specimens were suspended by threads 
attached to each end of the specimen. 

All specimens were suspended from an 
isctonic lever with a load of 3 Gm. in 
Earle’s solution at 37° C. and a mixture of 
95% Os and 5% CO; was bubbled through 
the solution. Under these conditions the 
pH was 7.4, Po, 140 mm. Hg and Poo, 44 
mm. Hg. Recordings of length changes were 
made using a linear differential transducer 
placed in series with the thread atttaching 
the specimens to the isotonic lever, and re- 
cordings were made on a pen chart recorder. 

At the start of each experiment time was 
allowed for each specimen to exhibit spon- 
taneous motility. The effect of addition of 
the following gastrointestinal hormones was 
then studied on all preparations: 

Cholecystokinin/pancreozymin (G.I. Hor- 
mone, Lab, Karolinska Institute, Stockholm) 
in concentrations ranging from 0.001 to 0.1 
Ivy Dog units/ml. 


Secretin (Boots) in concentrations rang- 
ing from 0.0004 to 0.3 Crick Harper units/ 
ml. 

Synthetic gastrin I and gastrin-penta- 
peptide (ICL10123 ‘Peptavlon, ICI) 
concentrations ranging from 10-5 to 10* 
Gm. /ml. 


In addition, the effects of the cholinergic 
blocker atropine sulphate and the adrener- 
gic blockers phentolamine hydrochloride 
and propranalol hydrochloride on the ac- 
tions of these hormones were examined. 


Results 
Canine Common Bile Duct 
Spontaneous Activity 


Specimens of canine gallbladder, com- 
mon bile duct and sphincter choledochus 
and human common bile duct usually ex- 
hibited a spontaneous motility comprised of 
three weve types (Fig. 1). 

There were small spiked waves super- 
imposed on waves of greater amplitude and 
longer duration; their frequency was 34 
per minute duration between 5 and 15 sec- 
onds and amplitude between 0.05 mm. to 
0.5 mm. 

There were more prominent waves of 
duration between 20 and 30 seconds, fre- 
quency 2-3 per minute and amplitude 
which varied from 0.5 mm. to 12 mm. 

Slow, tonal waves also were identified; 
these were of approximately 8 minutes 
duration and with an amplitude varying 
from 0.5 to 2 mm. 
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Cholecystokinin /pancreozymin 


Cholecystokinin /pancreozymin was found 
to be a potent stimulant of the canine com- 
mon bile duct. Addition of this hormone 
in a concentration as low as 0.001 u./ml. 
produced contractions of up to 3 mm. in 
eight of nine specimens (Fig. 2a). In two 
specimens the irregular wave form of the 
unstimulated specimen became regular after 
the addition of cholecystokinin/pancreozy- 
min to the bath (Fig. 2a). 

These contraction responses to cholecys- 
stokinin were not blocked by atropine sul- 
phate (in concentrations that blocked acetyl- 
chaline), phentolamine hydrochloride (in 
concentrations that blocked adrenaline tar- 
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Fic. 3. Effect of se- 
cretin ( Boots) on the ca- 
nine ga blad er, common 
bile. duct and ‘sphincter 
choledochus (circular 
muscle). 

There is an immediate 
contraction of the gall- 

dder in a concentra- 
tion of 0.07 units/ml., a 
slow contraction of the 
common bile duct in a 
concentration of 0.3 units/ 
ml. and an immediate 
contraction of the circu- 
lar muscle of the sphinc- 
ter choledochus with a 
change to a regular wave 
form in a concentration 
of 0.037 units/ml. 
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trate} or propranalol hydrochloride (in 
concentrations that blocked isoprenaline, 
hydrochloride). 


Secretin 


In six of seven specimens this hormone, 
in concentrations as low as 0.004 u./ml., 
produced an immediate contraction of the 
duct of up to 3 mm. and a modification of 
the wave form; in those specimens in which 
the spontaneous activity was prominent 
there was a decrease in its amplitude, while 
in those specimens in which the sponta- 
neous activity was not prominent there was 
an increase in amplitude (Fig. 3). These 
contraction responses were not blocked by 
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Fic. 4. Effect of se- 
cretin (Boots) on the hu- 
man common bile duct. 

ere is a contraction 
of the duct and an ap- 
pearance of a wave form 
in a concentration of 0.3 
units/ml. 
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atropine sulphate; phentolamine hydrochlo- 
ride or propranalol hydrochloride. 


Gastrin I and Gastrin Pentapeptide 


Synthetic gastrin I and gastrin penta- 
peptidde (ICI.10123) were found to have 
identical actions in any single specimen but 
variable responses were obtained in differ- 
ent specimens. In four specimens, contrac- 
tions of up to 3 mm. without change in the 
wave form were produced (Fig. 5); in two 
specimens there was a relaxation of up to 
l mm. which was associated with an in- 
crease in the amplitude of the wave form; 
in two specimens there was an initial relaxa- 
tion of approximately 1 mm. followed by 
contractions of up to 3 mm. with no change 
in the wave form. In two specimens there 
was no response. 

Atropine sulphate, phentolamine hydro- 
chloride and propranalol hydrochloride did 
not block these responses. 


Human Common Bile Duct 
Cholecystokinin/pancreozymin 


Four of the five human common bile duct 
specimens responded to the addition of 
cholecystokinin/pancreozymin by contrac- 
tions of up to 0.2 mms. There was no effect 
on the wave form during these contractions. 
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Secretin 


Secretin produced contractions of up to 
0.5 mm. in all three specimens of common 
bile duct tested (Fig. 4). There was an 
associated increase in the amplitude of the 
spontaneous activity. 


Gastrin I 


Two human common bile duct specimens 
were tested; in each gastrin produced con- 
tractions of up to 0.2 mm. without change 
in the wave form. 


Canine Sphincter Choledochus 
Cholecystokinin/pancreozymin 


(a) Circular Muscle. In three of seven 
specimens, contractions of up to 2 mm. oc- 
curred with a simultaneous decrease in the 
amplitude of the wave form (Fig. 2b). In 
one specimen there was no change in length 
but there was a decrease in the amplitude 
of the wave form. There was no response in 
the other three specimens. 

(b) Longitudinal Muscle. Two speci- 
mens were tested. In one specimen there 
was no contraction. However, there was an 
increase in the wave frequency over that of 
the unstimulated specimen (Fig. 2b). There 
was no response in the other specimen, 
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WASH s Fic. 5. Effect of gas- 
trin I on the canine gall- 
i bladder, common bile 
Ps duct and sphincter chole- 


dochus (circular muscle). 
There is an imme- 
diate contraction of the 
gallbladder in a concen- 
tration of 2X 10° Gm/ 
ml., of the common bile 
uct in a concentration 
of 5.6 X 107* Gm./ml. and 
a contraction of the circu- 
lar muscle of the sphinc- 
ter choledochus with a 
change to a regular wave 
form of increased ampli- 
tude in a concentration 
of 7.4 X 107 Gm./ml. 
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Secretin 


(a) Circular Muscle. Contractions of up 
to 1 mm. were observed in three of five 
specimens, with a decrease in the ampli- 
tude of the wave form (Fig. 3). There was 
no response in two specimens. 

(b) Longitudinal Muscle. 'There was no 
response in the two specimens tested. 


Gastrin 


(a) Circular Muscle. Of four canine 
specimens there was a response in two. 
There was a contraction and an increase 


in the frequency and amplitude of the wave 
form over that observed in the unstimulated 
specimen (Fig. 5). No response was ob- 
tained in the other two specimens. 

(b) Longitudinal Muscle. There was no 
response in the two specimens tested. 


Canine Gallbladder 
Cholecystokinin/pancreozymin 


In three gallbladder strips cholecysto- 
kinin/pancreozymin produced immediate 
contractions of up to 4 mm. without any 
change in the wave form (Fig. 2a). Atro- 
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pine sulphate, phentolamine hydrochloride 
and propranalol hydrochloride did not block 
the action of cholecystokinin on the gall- 
bladder. 


Secretin 


In the two canine gallbladder specimens 
tested, immediate contractions of up to 4 
mm. were elicited without any change in 
the wave form (Fig. 3). 


Gastrin 


There were contractions of up to 8 mm. 
in two of three specimens tested. There was 
no change in the wave form (Fig. 5). 


Discussion 


The conventional physiological view of 
the action of cholecystokinin/pancreozymin 
is that this hormone stimulates contraction 
of the gallbladder and, at the same time, 
relaxes the sphincter of Oddi, thereby fa- 
cilitating the flow of gallbladder and he- 
patic bile into the duodenum. There is no 
dispute about the action of cholecystokinin/ 
pancreozymin on the smooth muscle of the 
gallbladder and there is experimental data 
from infusion studies !* that the resistance 
to flow through the sphincteric region at 
the lower end of the common bile duct is 
decreased when this hormone is adminis- 
tered. On this evidence the postulated dual 
action of cholecystokinin on the smooth 
muscle at either end of the extra-hepatic 
biliary tract rests. 

However, now there is evidence, both 
from the ín vivo studies of the canine extra- 
hepatic biliary tract '* and from the in vitro 
experiments reported in this paper that 
cholecystokinin/pancreozymin produces a 
rhythmical contraction of the smooth mus- 
cle of the entire extra-hepatic biliary tract, 
although the evidence for a rhythmical con- 
traction of the sphincter at the lower end 


of the common bile duct rests on experi- 
ments in the dog alone. Watts and Dun- 
phy? demonstrated that cholecystokinin/ 
pancreozymin produced a contraction of 
the canine gallbladder and closed segments 
of the common bile duct, both in vivo and 
in vitro. They also showed that at the time 
of the apparent relaxation of the sphincter 
of Oddi (that is a decrease in resistance to 
infusion through its Jumen), pressure re- 
cordings from within the sphincter in vivo 
demonstrated an increased level of rhyth- 
mical activity. In vitro experiments reported 
in this paper also demonstrate that chole- 
cystokinin/pancreozymin stimulates a con- 
traction of the canine gallbladder and of 
the longitudinally suspended common bile 
duct of both man and the dog. It also pro- 
duced an increase in activity in both circu- 
larly and longitudinally orientated smooth 
muscle in the sphincteric region at the lower 
end of the duct. 
Cholecystokinin/pancreozymin is there- 
fore stimulatory to all smooth muscle 
throughout the canine extra-hepatic biliary 
tract and it is suggested that the flow of 
bile into the duodenum is increased by the 
action of this hormone in three ways: 


(1) Contraction of the gallbladder. 

(2) Shortening and lengthening (and pos- 
sibly a primitive form of peristalsis) 
of the common bile duct. 

(3) An increase in activity in the sphinc- 
teric region, whereby a peristaltic or 
milking action actively expels bile 
from the common bile duct into the 
duodenum. 


Secretin and gastrin were found to have 
similar actions to cholecystokinin/pancre- 
ozymin on the smooth muscle of the extra- 
hepatic biliary tract in vitro. However, it is 
difficult to interpret our results with these 
hormones as the preparations used were 
impure. 

The studies of Ravdin and Morrison '? 
and Ivy* demonstrated that intravenous 
secretin produced a contraction of the gall- 
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bladder in dogs, but this was of lesser mag- 
nitude than that produced when cholecysto- 
kinin was administered. Mack and Todd ° 
demonstrated that secretin had a contractile 
action on isolated human gallbladder strips 
suspended in a Ringers solution. 

In our experiments, secretin produced 
contraction of the canine gallbladder with- 
out change in the wave form and a contrac- 
tion of the common bile duct with a modifi- 
cation of the wave form. In the circular 
muscle of the canine sphincter choledochus, 
secretin produced a contraction, with a de- 
crease in the amplitude of the wave form, 
but we were unable to demonstrate any 
effect on the longitudinal muscle in the 
sphincteric area. The effect of secretin on 
the human common bile duct was similar 
to that of the dog; there was a contraction 
with an increase in the amplitude of the 
wave form (Fig. 4). 

These actions of secretin on isolated seg- 
ments of the extra-hepatic biliary tract were 
usually obtained in fairly high concentra- 
tions and using a preparation which con- 
tains small amounts of CCK/PZ.? The re- 
sponses could therefore be produced by this 
contaminant and further experiments using 
pure natural or synthetic secretin are essen- 
tial before ascribing any physiological role 
to this hormone on the smooth muscle of 
the biliary tract. The studies of Dinoso, 
Chey and Lorber* and Vagne, Stening, 
Brooks and Grossman demonstrated that 
secretin had an inhibitory effect on intes- 
tinal and gastric motility. It would there- 
fore be of great interest if pure secretin 
stimulated contraction of the smooth mus- 
cle of the biliary tract as indicated by these 
experiments. 

Both gastrin I and gastrin pentapeptide 
have been shown to havea stimulatory ef- 
fect on gastric and intestinal smooth muscle 
in a number of animal species and in 
man, 3 47, 10andi4 Mack and Todd? were 
unable to obtain any effect with gastrin 
pentapeptide on human gallbladder prep- 
arations in vitro. However, these experi- 
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ments demonstrate that gastrin I and gastrin 
pentapeptide usually, but not invariably, 
produce contractions of the smooth muscle 
of all parts of the canine extra-hepatic bili- 
ary tract and of the common bile duct in 
man. These responses, particularly those on 
the canine common bile duct, were variable 
and the action of gastrin in vitro was not as 
predictable as that of cholecystokinin/pan- 
creozymin and secretin. The same five C- 
terminal amino acids are shared by chole- 
cystokinin/pancreozymin and gastrin," so 
that a similarity of action of these two sub- 
stances on the biliary smooth muscle might 
be expected. 

Vagne and Grossman** experimented 
with dogs with cannulated gallbladders and 
found that gastrin II produced gallbladder 
contraction. However, after quantitative 
comparison of its effect with that of chole- 
cystokinin/pancreozymin, they concluded 
that endogenous gastrin probably does not : 
participate significantly in the regulation of 
gallbladder contraction. However, threshold 
concentration of gastrin which produced 
contraction of the biliary smooth muscle in 
these experiments was of the same order 
as the threshold concentration for acid se- 
cretion by the bullfrog gastric mucosa in the 
studies of Davidson, Lemmi and Thomp- 
son.» It is possible therefore that gastrin is 
a physiological rather than a pharmacolog- 
ical stimulant to biliary smooth muscle. 


summary 


The actions of the gastrointestinal hor- 
mones cholecystokinin/pancreozymin, se- 
cretin and gastrin on the extrahepatic bili- 
ary tract of man and the dog were examined 
in vitro. |. 

Chclecystokinin/pancreozymin and :se- 
cretin (Boots) were found to have similar 
actions on the canine gallbladder, common 
bile duct and sphincter choledochus and 
the human common bile duct. They usually 
produced a contraction and an increase in 
the amplitude and frequency of the sponta- 
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neous activity. The effect of gastrin was 
similar but its responses were more variable. 
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Large Parathyroid Cysts Mimicking 
Thyroid Nodules 
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Boston, Massachusetts 02114 


IN a 15-year period (1956—1970), five 
patients with large parathyroid cysts were 
diagnosed at the Massachusetts General 
Hospital. Because this rare lesion is seldom 
appreciated clinically, a correct preopera- 
tive diagnosis was made in only one of 
these five cases. In the first four patients the 
mass was thought to be thyroid in origin 
and three of these had been treated with 
dessicated thyroid without response. The 
fifth patient had documented hyperpara- 
thyroidism and was suspected of having a 
large parathyroid cyst preoperatively. 

It is the purpose of this report to recount 
our experiences in the care of these five pa- 
tients and to stress the clinical significance 
of large parathyroid cysts. 


Case Reports 


Case 1. M. W.—MGH #0693755. A 55-year- 
old-housewife had noticed a painless mass in the 
right side of the neck for about a month. The 
mass suddenly increased in size 3 days prior to 
admission. 

The patient had suffered from constipation 
for many years. She also experienced renal colic 
for about 10 years but kidney stones were never 
demonstrable. She had a documented duodenal 
ulcer with recurrent epigastric distress. In addi- 
tion, the patient had “gouty” arthritis, diverticu- 
losis, and obesity. 
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Examination of the neck revealed a soft, 
fluctuant, nontender mass, measuring 4 cm. in 
diameter, located in the right lower neck just 
beneath the medial border of the right sterno- 
cleidamastoid muscle. The trachea was deviated 
to the left. 

The WBC was 13,000, PBI 8.0 4g./100 ml, 
serum calcium 10.8 mg./100 ml. and phosphorus 
4.3 mg./100 ml. A thyroid scan revealed a cold 
area over the mass in the right neck. The RAI 
uptake was 34% in 24 hours. l 

The pstient was suspected of having a cyst of 
the right thyroid lobe and it was decided to treat 
her conservatively with dessicated thyroid. In the 
interim, a needle biopsy was performed and 30 cc. 
of thin, straw-colored fluid was obtained. Upon 
returning home, the patient noticed increased 
swelling cf the right side of the neck and 24 
hours later the mass had doubled in size. By this 
time there was intense pain in the right neck 
radiating to the right ear and down the right 
shoulder. After fainting, she was brought to the 
Emergency Ward where hemorrhage into the 
cyst was suspected. Three days later at operation, 
a large cystic mass was found in the right lower 
neck, in close proximity to the lower pole of the 
thyroid. The cyst was 6 cm. in diameter and 
filled with old, bloody fluid. Histological examina- 
tion revealed a large parathyroid adenoma in- 
corporated within the cyst. The patient had an 
uneventful postoperative course. 

Case 2, M. S.—MGH #0686839. A 46-year- 
old housewife was admitted because of inter- 
mittent bouts of epigastric pain of 6 months’ 


duration. The pain had become increasingly 


worse 5 weeks before entry. A gastrointestinal 
roentgenogram demonstrated a duodenal ulcer. 
Four years previously the patient had a fetal 
adencma removed from the left lobe of the thy- 
roid. Shortly after the operation the patient devel- 
oped a mass in the right lobe. On examination, 
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the nodule measured 3 cm. in diameter, was firm 
and non-tender, discrete and around, and oc- 
cupied most of the right lower thyroid lobe. An 
RAI uptake was 43% in 24 hours. The scan 
showed most of the activity centered in the right 
thyroid lobe above the palpable nodule. The 
serum calcium was 9.8 mg./100 ml., phosphorus 
3.0 mg./100 ml. The nodule was thought to be an 
adenoma of the thyroid, for which a course of 
thyroid therapy (180 mg. daily) was administered 
for six months without improvement. 

At operation, the mass proved to be a 2.5 
cm. cyst, lying at the lower pole of the right 
thyroid lobe and separated from the thyroid. It 
was attached to the right thymic tongue. The 
diagnosis of a parathyroid cyst was not suspected 
and was only established later by histological 
examination. The patient had a smooth conva- 
lescence. 

Case 3, F. G—MGH #1340032. A 48-year- 
old Naval officer noticed a dull, aching pain in 
the right side of his neck about 6 weeks previously 
associated with sore throat. A nodule, however, 
was noticed on the opposite side of the neck. The 
patient received a course of Penicillin and Ery- 
thromycin therapy without improvement. On 
entry, examination revealed a 4 cm. rounded, non- 
tender and firm nodule located in the left lower 
neck, A PBI was 4.7 ug./100 ml. and RAI up- 
take was 20%. A scan showed decreased radio- 
activity over the nodule in the left side of the 
neck (Fig. 1). A preoperative diagnosis of a 
solitary thyroid nodule was made. 

At operation, a 4 cm. cystic mass loosely 
attached to the thyroid was removed from the left 
lower thyroid lobe. It contained a thin colorless 
fluid which appeared shiny as it bubbled into the 
syringe upon aspiration. The wall of the cyst was 
whitish and glistening in appearance. Microscopic- 
ally, clusters of parathyroid cells were present in 
the wall confirming the diagnosis of a parathyroid 
cyst (Fig. 2). 

Case 4, K. C—MGH #1423818. A 23-year- 
old single school teacher had a large painless mass 
in the left lower neck which she had noticed 
about 8 months previous to hospital admission. 
The mass was the size of a small egg; rounded, 
non-tender, and rather fluctuant. The PBI was 7.8 
ug./100 ml. and the RAI uptake 31% in 24 hours. 
The scan showed no uptake of radioactivity by the 
mass. She was treated with dessicated thyroid 
(180 mg. daily) for 8 months with the presump- 
tive diagnosis of a thyroid adenoma. Two months 
before entry the patient noticed that the mass had 
increased in size. On admission, examination 
showed an 8 cm. mass which was smooth, 
fluctuant, and situated in the left lower neck. 





Fic. 1. Thyroid scan scintigram (Case 3), 
show the absence of uptake over the nodule in 
the left lower lobe. 


At operation a large, tense cyst with a thin, 
whitish wall was uncovered near the lower pole 
of the left thyroid lobe. Needle aspiration yielded 
65 cc. of clear, thin, watery fluid. A parathyroid 
cyst was suspected and the fluid was saved for 
parathormone assay and was later found to con- 
tain a high titer of parathormone. Microscopically, 
the cyst wall contained parathyroid acini in cords 
and clusters intermingled with a fibrous connec- 
tive tissue stroma. The patient had an uneventful 
recovery. 

Case 5, F. L—MGH #0684147. A 49-year- 
old housewife had experienced increasing thirst 
and dryness of the mouth for 15 months. She had 
also noticed progressive fatigue and lethargy, 
associated with nocturia and constipation. Five 
months before admission a large, painless mass 
was noted in the right neck, associated with mild 
dysphagia. Two days before entry the patient was 
seen in the Thyroid Clinic where blood was 
drawn which showed a calcium level of 16.5 
mg./100 ml. and a serum phosphorus of 1.2 
mg./100 ml. An RAI uptake was a 38% and the 
scan demonstrated a cold area over the mass 
(Fig. 3). Diagnosis of a large parathyroid cyst 
associated with primary hyperparathyroidism was 
made. 

At operation a cystic mass, containing 60 ml. 
of thin, clear fluid was found to occupy the entire 
right neck, displacing the right thyroid lobe 
medially. In the upper pole of the cyst a 2 cm. 
parathyroid adenoma was uncovered (Fig. 4). 
Both the cyst and the adenoma were excised. Di- 
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agnosis of primary hyperparathyroidism with cystic 
degeneration of the adenoma was confirmed by 
histological examination (Fig. 5). 

The data of these five cases are summarized in 


the Table. 


Discussion 


Large parathyroid cysts present a dif- 
ficult preoperative diagnostic problem. 
These lesions often mimic solitary thyroid 
nodules and are therefore frequently treated 
as disease of the thyroid. Of 43 cases col- 
lected by Fratkin, 23, (53%) were diag- 
nosed preoperatively as thyroid lesions. A 
similar error was made in four of the five 
cases in the present series. 

Although parathyroid cysts often appear 
more globular in shape and fluctuant in 
consistency than thyroid nodules, they are 
difficult to differentiate by clinical examina- 
tion alone. Serum calcium and phosphorus 
determinations may offer a clue to a func- 
tioning parathyroid tumor with cystic de- 
generation, such as presented in Case No. 5. 
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Fic. 2. Photo- 
micrograph of the cyst 
wall in Case 3. Note 
the clusters of chief 
cells embedded in the 
connective tissues. 
x 100. 


The thyroid scan scintigram can be mis- 
leading, for it often shows an area of 
diminished or absent uptake over the mass, 
simulating a "cold" thyroid nodule. In all 
five patients of the present series, the scinti- 





Fic. 3. Thyroid scan scintigram (Case 5), 
show the absence of uptake of the mass displacing 
the right thyroid lobe medially. 
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Fic. 4. Gross appearance of the opened para- 
thyroid cyst of Case 5, show the whitish, smooth, 
shiny cyst lining and the associated adenoma 
within the wall. 


gram showed a cold area or reduced radio- 
activity over the mass. In Case No. 5, how- 
ever the scintigram showed that the thy- 
roid had been displaced medially by the 
mass, which had led to the correct pre- 
operative diagnosis of a parathyroid cyst 
(Fig. 3). 

Needle aspiration may be useful. The 
fluid of a parathyroid cyst is characteris- 


Fic. 5. Micro- 
scopic section through 
the parathyroid ade- 
noma of Case 5. Note 
the central cystic de- 
generation. X34, 


tically thin and watery. It may be straw- 
colored, or become bloody in the presence 
of hemorrhage. It is always easily aspirated 
with a small needle. Of the 21 parathyroid 
cysts studied by Fratkin,? the fluid was 
clear and serous in 15, bloody in two, 
opalescent in three, and milky in one. Simi- 
larly, the cyst fluid was clear in the cases 
reported by others.^5* In the present 
series the fluid was clear and watery in 
three cases, bloody in one, and unrecorded 
in one. 

The presence of parathormone (PTH) in 
the fluid is confirmatory of a parathyroid 
cyst. In Case No. 4, the PTH titer in the 
fluid was found to be elevated.'? Aspiration 
of the cyst at the operating table may sug- 
gest the diagnosis of a parathyroid cvst be- 
cause of the characteristic appearance of 
the fluid. The presence of clusters of para- 
thyroid cells in the fibrous connective tissue 
of the cystic wall is diagnostic (Fig. 2). 

At operation, certain features are charac- 
teristic of a large parathyroid cyst: (a) 
The cyst is usually loosely attached to the 
thyroid, with a definite cleavage plane, 
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TABLE 1. Large Parathyroid Cysts 


Operative and Patho- 
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Size 
by 
Location Pal- 
Thyroid pation 
Case No. Age/Sex Lobe (cm.) Scan 
1. M. W. 55/F rt. lower 4 Cold 
0693755 
2; M; 5: 46/F rt. lower 3 Reduced 
0686839 
A Ed 48/M It. lower 1 Reduced 
1340032 
4. K. C. 23/F It. lower 8 Cold 
1423818 
3.T.L. 49 /F rt. neck 6 Cold 
0684147 


which makes the resection of the entire 
cystic mass from the thyroid relatively easy. 
On the other hand, a thyroid nodule or cyst 
generally lacks this anatomical plane and 
is difficult to dissect from surrounding thy- 
roid; (b) The cyst wall is grayish-white 
and often translucent. It is paper-thin and 
membranous, yet rather tough; its lining is 
shiny and smooth (Fig. 4); (c) Most 
parathyroid cysts are located in the lower 
neck. Thirty-four of the 49 cases studied 
by Fratkin? were situated in the vicinity 
of the lower pole of the thyroid. Four of 
the five parathyroid cysts in the present 
series were located in the lower neck. In 
the fifth patient, the cyst was large, occupy- 
ing the entire right neck. It is of interest 
that in one patient (Case 2), the cyst was 
attached to the thymic tongue—an anatom- 
ical relationship frequently observed be- 
tween the lower parathyroid gland and the 
thymus.‘ This relationship may offer a diag- 
nostic clue to a parathyroid cyst. 

The origin of large parathyroid cysts is 
not clear. Many hypotheses have been ad- 
vanced.^* Nylander* proposed that these 
are the result of the dilatation of the ves- 
tigal remnants of the third and fourth bran- 
chial clefts, which had incorporated por- 


Pre-op. Dx Fluid logical Findings 

Thyroid Thin, Parathyroid adenoma 
nodule bloody with 6 cm. cyst 

Thyroid — Parathyroid cyst 
adenoma 2.5 cm. 

Thyroid Thin, Parathyroid cyst 
adenoma clear 4 cm. 

Thyroid Thin, Parathyroid cyst 
adenoma clear containing 65 ml. fluid 

Hyperpara- Thin, Parathyroid adenoma 
thyroidism yellow with cyst, 5 cm. 
with cyst 


tions of the parathyroid primordial cells. 
Forsyth,? on the other hand, suggested that 
these cysts developed as simple retention 
cysts which may be derived from normal 
glands, beginning as microscopic forms and 
later coalescing into macroscopic cysts. Al- 
though most of these cysts are non-func- 
tioning, a few cases associated with hyper- 
parathyroidism have been reported.” ? Two 
of the five patients in the present series had 
hyperfunctioning adenomas. 

Of clinical importance is the fact that a 
large parathyroid cyst can mimic a thyroid 
nodule. The pathologist, like his clinical 
colleagues, may also miss the diagnosis if 
he does not consider this possibility in the 
differential diagnosis. A misinterpretation 
of a common thyroid cyst may be made if 
the small aggregates of parathyroid cells 
in a thin fibrous cyst wall are mistaken for 
thyroid cells. 


Summary 


A large parathyroid cyst is a rare disease 
entity which often poses a difficult clinical 
diagnostic problem. It frequently mimics 
a solitary nodule of the thyroid. Five pa- 
tients with large parathyroid cysts have 
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been diagnosed at the Massachusetts Gen- 
eral Hospital in a 15-year period. All but 
one were mistaken for thyroid nodules pre- 
operatively. 

The following features characteristic of 
large parathyroid cysts may suggest this 
diagnostic possibility to the surgeon: (a) 
A cleavage plane between cyst and thyroid; 
(b) A cyst with a whitish, tough mem- 
branous wall containing clear, watery fluid; 
(c) A low-lying position of the cyst in the 
neck, 

The pathologist must also be alert to this 
diagnostic possibility in his examination of 
cysts associated with the thyroid. The iden- 
tification of parathyroid cells in the cyst 
wall or the proof of parathormone in the 
fluid by assay are necessary for a definitive 
diagnosis. 

Most parathyroid cysts are non-function- 
ing. In occasional cases, the cyst may con- 
tain a hyperfunctioning adenoma. Although 
the pathogenesis of parathyroid cysts has 


not been established, cystic degeneration of 
the gland is a likely possibility. 
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The Aorto-Iliac Steal: 


A Review of This Syndrome and a Report of 
One Additional Case 


Orro H. TnurPEL, M.D., Micurr N. Jurayy,** M.D., 
ALLEN I. MipELL,"** M.D. 


From the Department of Surgery, Northwestern University Medical School and 
the Veterans Administration Research Hospital, Chicago, Illinois 


THE tragic consequences of intestinal ne- 
crosis following major vascular reconstruc- 
tion has become a well documented clinical 
syndrome. For many years attention was 
focused upon gangrene of the large bowel 
as a consequence of inferior mesenteric ar- 
tery ligation during excision of an abdomi- 
nal aortic aneurysm.? More recently, how- 
ever, another source of intestinal ischemia 
has been recognized—the aorto-iliac steal. 
It was first described by Kountz in 1966? 
and postulated that the sudden marked re- 
distribution of blood from the mesenteric 
bed to the peripheral vascular bed results 
in occlusion of the superior mesenteric ar- 
tery and gangrene of the small bowel. Al- 
though we were only able to collect three 
cases from the American literature ?-? since 
it was first described, it is certain that this 
syndrome occurs more frequently than 
heretofore recognized, especially in view of 
the constantly increasing number of vascu- 
lar reconstructions being performed. 

Within the last 12 months the authors 
have participated in 60 aorto-femoral or 
aorto-iliac bypass operations for occlusive 
diseases. Within that period one patient de- 
veloped a syndrome similar to the aorto- 
iliac steal. The patient died and the diag- 
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nosis was established at autopsy. We will 
report this case from the standpoint of 
comparison to previously reported cases of 
aorto-iliac steal. 


Case Report 


A 68-year-old man was admitted to the hos- 
pital with a 4-year history of intermittent claudi- 
cation involving both legs. Physical examination 
was normal, except for markedly diminished femo- 
ral pulses and the absence of popliteal or pedal 
pulses in both legs. An abdominal bruit was also 
noted. Trans lumbar aortogram revealed advanced 
aorto-iliac occlusive disease. In the superior mes- 
enteric artery there was marked stenosis (Fig. 1). 

At operation a bilateral aorto-femoral bypass 
with a bilateral lumbar sympathectomy was per- 
formed. During operation the patient maintained 
a stable blood pressure and there were no changes 
in the color of the bowel. Approximately 12 hours 
after operation with excellent pulses in the groins, 
the patient suddenly became hypotensive. Electro- 
cardiogram and hematocrit were normal and there 
was no obvious cause for deterioration. The pa- 
tient’s condition nevertheless rapidly deteriorated 
and he died within 24 hours of operation. Autopsy 
revealed thrombosis of the superior mesenteric ar- 
tery with massive intestinal infarction. 


Discussion 


In comparing the case to the three pre- 
viously reported in the literature, one be- 
comes conscious of certain features which 
were common in all cases (Table 1). All 
patients had advanced aorto-iliac occlusive 
disease involving one or more lower ex- 
tremities. In three of the four cases the 
syndrome was elicited by performance of 
a bilateral aorto-femoral or aorto-iliac by- 
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TABLE 1. Pertinent Data in Four Reporled Cases of Aorto-iliac Steal 








Intestinal 








Case No. Symptoms Ischemia Arteriography Surgery Results 
1 (54 year Int.claud. No L. iliac occlusion L. aorto-femoral Died P.O. III with intestinal 
male) L. leg bypass. Pre- gangrene. Celiac and su- 
Celiac and superior not vious symp. perior mesenteric artery 
seen. ‘‘ Meandering occluded 
mesenteric" noted 
2 (61 year Int. claud. No Bil iliac occlusion R. aorto-femoral Died P.O. III with intestinal 
male) R. leg bypass. L. gangrene. Superior mesen- 
Superior mesenteric nor- aorto-femoral teric occluded at autopsy 
mal with large collateral bypass 3 weeks 
vessel connecting in- later. Previous 
ferior mesenteric artery symp. 
to superior mesenteric 
artery 
3 (44 year Bil. int. Yes Bil. aorto-iliac occlusion Bil. aorto-femoral Died. Gangrene of small in- 
male) claud. bypass testine revealed at autopsy. 
Marked stenosis superior 
Superior mesenteric artery mesenteric artery 
not seen. Large collateral 
noted 
4(68 year Bil. int. No Bil aorto-iliac Bil. aorto-femoral Died P.O. I. with intestinal 
male) claud. occlusion bypass and bil. gangrene. Superior mesen- 


lumbar symp. teric artery occluded 


Stenosis of superior mesen- 


teric artery noted 











pass and in one instance by a unilateral 
bypass. The onset of mesenteric ischemia 
was usually prompt in these patients. The 
diagnosis was either not established until 
autopsy or only after an initial period of 
delay which precluded the possibility of 
revascularizing the bowel. Autopsy in all 
four cases revealed massive mesenteric in- 
farction of the entire small bowel supplied 
by the superior mesenteric artery. The su- 
perior mesenteric artery was thrombosed 
in all four instances. 

One essential similarity in the three cases 
previously reported and the case under dis- 
cussion is the status of the visceral circula- 
tion as determined by arteriography in the 
preoperative period. In the three cases re- 
ported earlier, a large central collateral ves- 
sel or meandering mesenteric artery was 
noted on the aortogram, giving rise to sus- 
picion that the superior mesenteric artery 


was stenotic even though this vessel might 
not have been visualized on the aortogram. 
This vessel served to provide collateral flow 
to the viscera affected by the occlusive 
process in the superior mesenteric artery. 

In our patients case this collateral was 
not noted on the aortogram but the su- 
perior mesenteric artery stenosis itself was 
visualized in the patient. Therefore, in all 
four patients arteriographic demonstration 
of a compromised visceral circulation was 
present preoperatively, despite the absence 
of symptoms of intestinal ischemia in three 
of the four patients (Fig. 1). 

The exact mechanism of this syndrome 
remains the subject of some controversy. In 
his original report, Kountz? concludes, on 
the basis of experimental data, that the 
body redistributes a fixed volume of blood 
via the autonomic nervous system rather 
than through a pure hemodynamic me- 
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Celiac axis 
iL Wf AS 


Stenosis of . 
sup. mesenteric a. 
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Fıc. 1. Trans lumbar aortogram reveals marked stenosis of the superior mesenteric artery. 
Bilateral aorto-iliac occlusive disease is also demonstrated. 


chanical action. He states that the blood is 
shunted into the peripheral circulation after 
reconstruction surgery via vasoconstriction 
of the mesenteric vascular bed. Accord- 
ingly, in very ill patients who could not 
withstand massive bowel resection, he 
advocates neurectomy of the mesenteric 
artery to minimize this phenomenon. De- 
Bakev' originally described a similar phe- 
nomenon in 1947 calling it a borrowing- 
lending phenomenon. 

On the basis of this review, we feel cer- 
tain features should be noted. This syn- 
drome is elicited primarily by a large re- 
distribution of blood from the visceral cir- 
culation to the lower extremities. It is perti- 
nent to note, however, that the syndrome 
can be precipitated by a unilateral graft as 
well as a bilateral graft and also that sym- 
pathectomy is not a necessary prerequisite. 
We note that patient 3 had a bilateral graft 
with no sympathectomy. 

Pre-existing arteriographic evidence of 
visceral artery stenosis was present in these 
patients, even though symptoms of intes- 


tinal ischemia in the preoperative period 
were distinctly uncommon. Only one pa- 
tient in the series gave any reliable history 
of intestinal angina prior to operation. 

We recommend certain essential steps 
preoperatively and during operation to 
eliminate or minimize the danger of su- 
perior mesenteric artery occlusion. It is es- 
sential to visualize the visceral arteries in 
the preoperative aortogram in order to de- 
termine the presence or absence of stenosis 
involving the visceral blood supply. This is 
especially important in the presence of 
symptoms of abdominal angina. The per- 
formance of a high aortogram in cases 
of suspected visceral stenosis is indicated 
even though the flow of dye is somewhat 
dissipated down the leg and it may be 
necessary to position the needle lower to 
adequately visualize the lower extremity. 
Certainly the presence of the meandering 
mesenteric artery on the aortogram pro- 
vides strong suggestive evidence of disease 
in the visceral blood supply, and prepara- 
tion should be made preoperatively for a 
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possible reconstruction of any of these 
vessels. 

At operation special attention should be 
paid to the superior mesenteric artery and 
it should be carefully palpated for the 
presence of a thrill. Finding a large col- 
lateral vessel at surgery again provides 
strong suspicion of visceral stenosis and ap- 
propriate steps should be taken to preserve 
this vessel. During the actual reconstruc- 
tion, the patient should be well heparinized 
after the aortic clamp has been applied to 
prevent thrombosis of a narrowed superior 
or inferior mesenteric artery. The clamps 
should be on no longer than is absolutely 
necessary and care taken when sewing in 
the graft not to unnecessarily narrow the 
orifice of the inferior mesenteric artery 
which may supply the collateral flow of 
the upper abdominal viscera. When remov- 
ing the clamps caution should be taken 
that the blood pressure does not fall pre- 
cipitously. Kountz demonstrated in experi- 
mental animals that cross clamping the 
aorta resulted in a slight increase in flow 
of the superior mesenteric artery. Release 
of the aortic clamp caused a decrease in 
blood flow below the preocclusion levels in 
the superior mesenteric artery.* Finally, at 
the completion of the revascularization pro- 
cedure the pulses of the superior and in- 
ferior mesenteric artery should be one more 
palpated. 

Establishing the diagnosis of intestinal 
ischemia in the immediate postoperative 


period can be difficult and a high index of 
awareness of this syndrome is essential. If 
the diagnosis is going to be established 
early enough to make treatment meaning- 
ful, the above-mentioned steps may be 
helpful in alerting the surgeon to the cir- 
cumstances that are most likely to produce 
this syndrome. 


Summary 


One patient who died with massive gas- 
trointestinal necrosis following a bilateral 
aorto-femoral reconstructive procedure is 
reported and comparison is made with the 
aorto-iliac steal syndrome recently described 
in the literature. The mechanism of this 
syndrome is discussed and appropriate rec- 
ommendations are made before and during 
operation to prevent or at least reduce the 
probability of this complication. 


References 


1. DeBakey, M. E. et al.: The “Borrowing-lend- 
ing” Phenomenon and Its Therapeutic Appli- 
cation in Peripheral Vascular Disturbances. 
Ann. Surg., 126:850, 1947. 

2. Gonzalez, L. L. and Jaffe, M. S.: Mesenteric 
Arterial Insufficiency Following Abdominal 
Aortic Resection. Arch. Surg., 93:10, 1966. 

3. Kountz, S. L., Lamb, D. R. and Connolly, J. 
E.: “Aortoiliac Steal" Syndrome. Arch. Surg., 
92:490, 1966. 

4. Lancaster, J. R., Payan, H. M., Jacobs, W. H. 
and Gerwig, W. H.: Aorto Iliac Steal Syn- 
drome and Disease of the Gastrointestinal 
Tract. Arch. Surg., 94:172, 1967. 

5. Williams, L. F., Kim, R. M., Tompkins, W. and 
Byrne, J. J.: Aortoiliac Steal—A Cause of 
Intestinal Ischemia. New Eng. J. Med., 
278:777, 1968. 


Editorial 
The Wet Lung: Diagnostic Considerations 


IRWIN R. BERMAN, M.D., FRANK C. SPENCER, M.D. 


From the Department of Surgery, New York University Medical Center, 
New York, New York 10016 


“WET LUNG can probably result from 
many interrelated causes. These include di- 
rect trauma to the lungs, overtransfusion, 
cardiac failure, embolization of intravascu- 
lar aggregates and fat embolism. In its 
most lethal form, the syndrome develops 
soon after resuscitation from shock and 
progresses to a fatal outcome despite many 
forms of therapy. The principal clinical 
finding is dyspnea, with arterial hypoxemia 
from impaired oxygenation of blood which 
accompanies intrapulmonary shunting. At 
autopsy, the most common finding is a 
heavy, wet lung with interstitial edema on 
microscopic examination. 

A significant milestone in the care of the 
seriously injured patient was the prompt 
correction of hypovolemia by rapid infusion 
of blood and crystalloids. Although this 
practice has greatly reduced the frequency 
of renal insufficiency after injury, it is prob- 
able that vigorous infusion of large amounts 
of fluid is partly responsible for the puzzling 
increase in frequency of post-traumatic wet 
lung. One of the most common clinical er- 
rors in resuscitation is failure to realize that 
neither auscultation of the lungs nor mea- 
surement of central venous pressure provide 
reliable guidelines to recognize overtrans- 
fusion. Patients dying with pulmonary in- 
sufficiency, with lungs the consistency of 
liver, may have had no audible rales, in 
contrast to the familiar picture of pul- 
monary edema from mitral stenosis with 
widespread rales and copious frothy spu- 
tum. Also, both experimental and clinical 
studies have repeatedly shown that central 
venous pressures are of little value in recog- 
nizing overtransfusion. In the laboratory, 


an animal can be overinfused twice its 
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blood volume within one hour with aston- 
ishingly little change in central venous pres- 
sure. Hence, a dyspneic patient in hypo- 
volemic shock may rapidly become a dys- 
pneic patient with overtransfusion from 
overzealous administration of blood and 
fluids, because clinical signs do not indicate 
that overtransfusion is occurring. 

In our experience at Bellevue Hospital 
with a large number of patients resuscitated 
from severe injury, the most important ad- 
junct to recognizing overtransfusion has 
been the serial chest roentgenogram. A 
chest roentgenogram is obtained as soon 
as possible in the injured patient, after 
which serial roentgenograms are made at 
intervals of 3 to 6 hours, depending upon 
signs of tachypnea, dyspnea or arterial hy- 
poxemia. Typically, with significant over- 
infusion, the roentgenogram initially shows 
diffuse congestion as the pulmonary vessels, 
lymphatics and interstitial tissues become 
engorged with fluid. These changes may 
progress rapidly to areas of alveolar con- 
solidation, ultimately involving entire lobes 
of the lung. These radiologic findings ap- 
pear far in advance of overt auscultatory 
findings or changes in central venous pres- 
sure. In contrast to atelectasis produced by 
obstruction of a bronchus, the bronchi in 
the consolidated lung may remain patent 
and may even be visible in the consolidated 
lobe, leading to a radiologic counterpart 
of the term, “congestive atelectasis.” With 
awareness of the frequency of the syndrome 
after shock and trauma, combined with 
realization of the inadequacy of conven- 
tional clinical guides, a routine policy of 
serial chest roentgenograms will permit 
much earlier diagnosis of the “wet lung 
syndrome." 





















day started right for 
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Danthron made it certain — 
Because it’s an efficient, 
predictable, highly specific 
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Confirms the value of Talwin 
in the hospital 


analgesic efficacy comparable to meperidine and 
morphine with a minimum of significant adverse 
effects 


In postoperative patients: less circulatory depression 
with Talwin 


In a double-blind study of 342 postop patients, 
circulatory depression occurred in 13.2% of 174 
patients receiving morphine; in 5.4% of 168 
patients receiving Talwin.!' 


...and in other patients: less respiratory and 
circulatory depression with Talwin 


In a double-blind study of 3 narcotic analgesics ano 
Talwin in 118* patients with suspected acute 
myocardial infarction, Talwin caused a significantly 
lower iņncidence'in the fall of systolic blood pressure 
than the 3 narcotics when the initial pressure was 
120 mm. Hg or higher. Unlike the narcotics, Talwin 
caused a statistically significant rise in the systolic 
blood pressure of patients with initial pressures 
of less than 120. ? 

In a study of a series of patients given Talwin or 
meperidine while anesthetized for surgery, the 
investigators concluded: “It would therefore appear 
that pentazocine is a much safer drug in respect of 
respiratory depression than pethidine [meperidine], 
particularly when repeated injections are to be given, 
e.g., postoperatively or in obstetric practice.” 3 


... and less of other adverse effects associated 
with narcotic analgesics 


Compared to morphine, Talwin is relatively free fro 
urinary retention and constipation. 

Is less likely to cause nausea, vomiting and 
diaphoresis than meperidine. 


See next page for a complete discussion of adverse 
reactions and a brief summary of other Prescribing 
Information. 


available in 3 dosage strengths — all within the 
range of recommended dosage 

Talwin is available in 30 mg., 45 mg., and 60 mg. 
strengths to provide analgesia specific to 
patients’ needs throughout the course of therapy. 
Most studies indicate that the higher dosage 
strengths produce little, if any, increase in the 
incidence of adverse reactions. 


References: 1. Wallace, George: Int. Surg. 53:135, Feb. 
1970. 2. Scott, M. E. and Orr, Rosemary: Lancet 1:1065, 


May 31, 1969. 3. Davie, |. et al.: Brit. J. Anaesth. 42:113, 
Feb. 1970. 


*Other drugs studied: diamorphine and methadone. 
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Injectable Talwin® 
Brand of pentazocine (as lactate) 


e tolerance to analgesic efficacy has not 
been observed 
e not subject to narcotic controls 


Contraindications: Talwin should not be 
administered to patients who are hyper- 
sensitive to it. 

Warnings: Head Injury and Increased In- 
tracranial Pressure. The respiratory de- 
pressant effects of Talwin and its potential 
for elevating cerebrospinal fluid pressure 
may be markedly exaggerated in the pres- 
ence of head injury, other intracranial 
lesions, or a preexisting increase in in- 
tracranial pressure. Furthermore, Talwin 
can produce effects which may obscure 
the clinical course of patients with head 
injuries. In such patients, Talwin must be 
used with extreme caution and only if its 
use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin 
during pregnancy (other than labor) has 
not been established. Animal reproduc- 
tion studies have not demonstrated tera- 
togenic or embryotoxic effects. However, 
Talwin should be administered to preg- 
nant patients (other than labor) only when, 
in the judgment of the physician, the po- 
tential benefits outweigh the possible haz- 
ards. Patients receiving Talwin during 
labor have experienced no adverse effects 
other than those that occur with commonly 
used analgesics. Talwin should be used 
with caution in women delivering prema- 
ture infants. 

Drug Dependence. Special care should be 
exercised in prescribing pentazocine for 
emotionally unstable patients and for 
those with a history of drug misuse. Such 
patients should be closely supervised 
when long-term therapy is contemplated. 
There have been instances of psychologi- 
cal and physical dependence on Talwin in 
patients with such a history and, rarely, 
in patients without such a history. Abrupt 
discontinuance following the extended use 
of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated 
temperature, rhinorrhea, restlessness, anx- 
iety, and lacrimation. Even when these 
occurred, discontinuance has been ac- 
complished with minimal difficulty. In the 
rare patient in whom more than minor dif- 
ficulty has been encountered, reinstitution 
of parenteral Talwin with gradual with- 
drawal has ameliorated the patient's symp- 
toms. Substituting methadone or other 
narcotics for Talwin in the treatment of 
the Talwin abstinence syndrome should be 
avoided, 

In prescribing parenteral Talwin for 
chronic use, particularly if the drug is to 
be self-administered, the physician should 
take precautions to avoid increases in 
dose and frequency of injection by the 
patient and to prevent the use of the 
drug in anticipation of pain rather than for 
the relief of pain. 

Just as with all medication, the oral form 
of Talwin is preferable for chronic admin- 
istration. 

Acute CNS Manifestations. Patients re- 
ceiving therapeutic doses of Talwin have 
experienced, in rare instances, hallucina- 
tions (usually visual), disorientation, and 
confusion which have cleared spontane- 
ously within a period of hours. The mech- 
anism of this reaction is not known. Such 
patients should be very closely observed 
and vital signs checked. If the drug is 
reinstituted, it should be done with caution 
since the acute CNS manifestations may 
recur. 

Usage in Children. Because clinical ex- 


the recovery room: 

ultimate test for alwin 
pentazocine 

in the hospital 


perience in children under twelve years of 
age is limited, the use of Talwinin this age 
group is not recommended. 

Ambulatory Patients. Since sedation, diz- 
ziness, and occasional euphoria have 
been noted, ambulatory patients should be 
warned not to operate machinery, drive 
Cars, or unnecessarily expose themselves 
to hazards. 

Precautions: Certain Respiratory Condi- 
tions. The possibility that Talwin may 
Cause respiratory depression should be 
considered in treatment of patients with 
bronchial asthma. Talwin should be ad- 
ministered only with caution and in low 
dosage to patients with respiratory depres- 
sion (e.g., from other medication, uremia, 
or severe infection), obstructive respira- 
tory conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Al- 
though laboratory tests have not indicated 
that Talwin causes or increases renal or 
hepatic impairment, the drug should be 
administered with caution to petients with 
such impairment. Extensive liver disease 
appears to predispose to greater side ef- 
fects (e.g., marked apprehension, anxi- 
ety, dizziness, sleepiness) from the usual 
clinical dose, and may be the result of 
decreased metabolism of the drug by the 
liver. 

Myocardial Infarction. As with all drugs, 
Talwin should be used with cauticn in 
patients with myocardial infarction who 
have nausea or vomiting. 

Biliary Surgery. Until further experience 
is gained with the effects of Talwin on 
the sphincter of Oddi, the drug should be 
used with caution in patients about to 
undergo surgery of the biliary tract. 
Patients Receiving Narcotics. Talwin is a 
mild narcotic antagonist. Some patients 
previously receiving narcotics have ex- 
perienced mild withdrawal symptoms after 
receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone 
to seizures; seizures have occurred in a 


few such patients in association with the 


use of Talwin although no cause and ef- 
fect relationship has been established. 
Adverse Reactions: The most commonly 
occurring reactions are: nausea, dizziness 
or lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are— 
respiratory: respiratory depression, dysp- 
nea, transient apnea in a small number of 
newborn infants whose mothers received 
Talwin during labor; cardiovascular: cir- 
culatory depression, shock, hypertension; 
CNS effects: sedation, alteration of mood 
(nervousness, apprehension, depression, 
floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic in- 
cluding local: diaphoresis, sting on injec- 
tion, flushed skin including plethora, 
dermatitis including pruritus; other: uri- 
nary retention, headache, paresthesia, al- 
terations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions incluce — neuro- 
muscular and psychiatric: muscle tremor, 
insomnia, disorientation, hallucinations; 
gastrointestinal: taste alteration, diarrhea 
and cramps; ophthalmic: blurred vision, 
nystagmus, diplopia, miosis; 
other: tachycardia, nodules 
and ulceration at injection 
site, weakness or faintness, 
chills, moderate transient 
eosinophilia, allergic reac- 
tions including edema of the 
face. 

See Acute CNS Manifesta- 
tions and Drug Dependence 
under WARNINGS, 


(as lactate) 


Dosage and Administration: Adults, Ex- 
cluding Patients in Labor. The recom- 
mended single parenteral dose is 30 mg. 
by intramuscular, subcutaneous, or intra- 
venous route. This may be repeated every 
3 to 4 hours. Doses in excess of 30 mg. 
intravenously or 60 mg. intramuscularly 
or subcutaneously are not recommended. 
Total daily dosage should not exceed 360 
mg. As with most parenteral drugs, when 
frequent daily injections are needed over 
a prolonged period, intramuscular admin- 
istration is preferable to subcutaneous. In 
addition, constant rotation of injection 
sites (e.g., the upper outer quadrants of 
the buttocks, mid-lateral aspects of the 
thighs, and the deltoid areas) is recom- 
mended. 

Patients in Labor. A single, intramuscular 
30 mg. dose has been most commonly ad- 
ministered. An intravenous 20 mg. dose has 
given adequate pain relief to some pa- 
tients in labor when contractions become 
regular, and this dose may be given two 
or three times at two- to three-hour inter- 
vals, as needed. 

Children Under 12 Years of Age. Since 
clinical experience in children under 
twelve years of age is limited, the use of 
Talwin in this age group is not recom- 
mended. 

CAUTION. Talwin should not be mixed in 
the same syringe with soluble barbitu- 
rates because precipitation will occur. 
Overdosage: Manifestations. Clinical ex- 
perience with Talwin overdosage has been 
insufficient to define the signs of this con- 
dition. 

Treatment. Oxygen, intravenous fluids, 
vasopressors, and other supportive meas- 
ures should be employed as indicated. 
Assisted or controlled ventilation should 
also be considered. Although nalorphine 
and levallorphan are not effective anti- 
dotes for respiratory depression due to 
overdosage or unusual sensitivity to 
Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a 


‘specific and effective antagonist. If nalox- 


one is not available, parenteral adminis- 
tration of the analeptic, methylphenidate 
(Ritalin®), may be of value if respiratory 
depression occurs. 

Talwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 ml. (30 mg.), 
1⁄2 ml. (45 mg.), and 2 ml. (60 mg.), each 
1 ml. containing Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for 
injection. Boxes of 10, 25, and 100. 
Multiple dose vials of 10 ml., each 1 ml. 
containing Talwin (brand of pentazocine) 
as lactate equivalent to 30 mg. base, 2 
mg. acetone sodium bisulfite, 1.5 mg. so- 
dium chloride, and 1 mg. methylparaben 
as preservative, in water for injection. 
Boxes of 1. 

The pH of Talwin solutions is adjusted 
between 4 and 5 with lactic acid and so- 
dium hydroxide. 
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10,000 surgeons and 
other doctors of medicine 
have now participated in 


67A 


SESAP 


the new 


Surgical Education and Self-Assessment Program 
sponsored by the 


AMERICAN COLLEGE OF SURGEONS 


for Fellows and non-Fellows alike 


The College invites YOU to join your colleagues in this voluntary program designed 
to help you evaluate and extend your surgical knowledge. 


WHAT IS SESAP? 


An assessment device by which participants 
can accurately measure how well they have 
kept up with progress in general surgery, the 
surgical specialties, cancer, and trauma; iden- 
tify the areas in which they may be deficient ; 
design an educational program matching their 
individual needs, and compare their surgical 
knowledge with the knowledge of their peers. 


HOW DOES SESAP WORK? 


'The program consists of 750 clinically oriented 
items—offered in the multiple-choice fashion 
—in nine areas of surgery. A participant may 
answer the items either by the “open book" 
method, consulting references freely, or by the 
"closed book" procedure which elicits only 
the information he has at his fingertips. 
References chosen for their timeliness and 
drawn from either standard textbooks or the 
recent surgical literature are given for each 
item. 


WHO WILL JUDGE THE ANSWERS? 


Now that computer scoring is no longer used, 
you, and you alone, will judge your perform- 
ance in answering the items. When you enroll 
you will receive, as part of the assessment 
package, an answer key which will allow you 
to score your answers, and a table of norms 
with which you can compare your score with 
the scores of various groups of general and 
specialty surgeons. The table of norms has 


SEND NO MONEY 


WITH THIS FORM 





been made up from the scores of those who 
participated in SESAP in 1971, and whose 
answers were scored by computer. The “‘com- 
puter phase" of SESAP has now ended. You 
return nothing to the College or any other 
agency, and only you decide how to use the 
result of the assessment for the advancement 
of your surgical knowledge. 


IS THERE A CUT-OFF DATE 
FOR ENROLLMENT? 


No. SESAP is an educational program of the 
American College of Surgeons designed to 
continue for several years. 


WHO IS ELIGIBLE FOR SESAP? 


Fellows of the American College of Surgeons, 
members of its Candidate Group, as well as 
physicians with the MD degree, including 
residents. 


WHAT DOES SESAP COST? 


$35 for ACS Fellows and Candidates, and 
individual residents. $60 for non-Fellow doc- 
tors of medicine. For residents from an ap- 
proved residency program, a flat rate of $100 
is charged for any group comprising not less 
than three residents, but no more than 10 
residents. For a group of more than 10 resi- 
dents the cost is $10 for each resident. 


HOW CAN I ENROLL? 
Clip the coupon and mail. 


tear off here 


Surgical Education and Self-Assessment Program 
American College of Surgeons 
55 East Erie Street, Chicago, Illinois 60611 


O Please send me, without obligation, a Prospectus and an 
application for enrollment in SESA P. 

[] Please send me more information on SESAP. 

O Lam director of an approved residency program. 


Please send me ................ applications. 
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A square meal for 
patients who can't have 
a square meal. 















M You're looking at a balanced and nutritionally 
iJ complete dietary regimen. 

It's suited for patients who need either total or 
supplementary feeding. Nutri-1000™ liquid is sterile, 
prediluted, ready to use for oral administration or 

gavage feeding. If used according to directions 
it won't clog tube feeding equipment. 

Nutri-1000 liquid comes in conven- 
ient quart cans for easy storage in 
the hospital or st home. 

Nutri- 100€ offers balanced 
mineral levels to help meet 
the nutritional needs of the 
tube-fed patient. And its ^ 

fat composition is designed | @y 
for easy digestibility and | 
absorption. 

It's a square meal 
in a round can. 









>) 


The nutritionally complete liquid 
bland diet that provides 
1000 calories per quart. 





SYNTEX LABORATORIES. INC 
NUTRITIONAL PRODUCTS DIV 
PALO ALTO, CALIFORNIA 94304 
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Study current Cl procedures from a surgeon's-eye-view! 


A New Book! 


Ellison's ATLAS OF SURGERY OF THE STOMACH AND DUODENUM 


You'll welcome this exquisitely illustrated 
procedural atlas, which highlights today’s 
important abdominal operations. Its thor- 
ough presentations on hemigastrectomy and 
vagotomy focus particular attention on pos- 
sible problems and how to avoid them. An 
excellent coverage of gastrostomy describes 
the appropriate steps to secure gastrostomy 
without risk of leakage. Related discussions 


A New Book! 


delineate instances when not only the stom- 
ach is entirely removed, but other organs 
as well. These are just some of the impor- 
tant procedures you'll find comprehensively 
described and beautifully illustrated in this 
handsome new surgical atlas. 


By LARRY C. CAREY, M.D.; and ROBERT H. 
ALBERTIN, M.A. October, 1971. 165 pages 
plus FM XIV, 942” x 12", 349 illustrations in 70 
plates and 2 figures. Price, $24.50. 


PRACTICE OF SURGERY: Current Review 


Produced by the editors of the monthly 
journal, "Surgery," this useful new com- 
pendium presents a brief, well-organized 
series of reviews, each by an expert in his 
field, on timely surgical topics in which 
recent important advances have been made. 


Each includes an appraisal of current re- 
search and its implication in treatment of 
surgical patients. 

Edited by WALTER F. BALLINGER, II, M.D.; and 
THEODORE DRAPANAS, M.D. June, 1972. Ap- 


prox. 336 pages, 634" x 934", 140 illustrations. 
About $23.50 


MOSBY 


TIMES MIRROR 


THE C. V. MOSBY COMPANY * 11830 WESTLINE INDUSTRIAL DRIVE * ST. LOUIS, MISSOURI 63141 


of recent progress 


THE SURGICAL MANAGEMENT 
OF VASCULAR DISEASES 


Edited by Henry Haimovici, M.D. With 24 Contributors. 


This timely book provides a comprehensive overview of the 
latest diagnostic methods and therapeutic procedures for some 
of the most important venous and arterial diseases amenable to 
surgical correction. 


Chapters in this well-organized work range from Plication of the 
Interior Vena Cava for Prevention of Pulmonary Embolism to 
Surgical Indications in Renovascular Hypertension. Illustrated 
chapters were contributed by authorities in fields of vascular 
surgery, thoracic surgery, internal medicine, cardiology, hema- 
tology, and radiology. Clinically-sound conclusions are presented, 
based upon data from long-term follow-ups and the recent emerg- 
ence of standardized techniques and surgical indications. 


Everyone concerned with the limits and advantages of vascular 
surgery will benefit from the important material that fills the 
pages of this helpful book. 


260 Pages * 155 Illustrations » 1970 LI 
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J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 





Please send me: 


L] THE SURGICAL MANAGEMENT OF VASCULAR DISEASES....$18.50 


ADDNESS cock bad wkeqikidpRa X adem d os bord eA S MERE E ACA p o ona ZIP 
[] Payment Enclosed 


[] Charge and Bill Me 


For the busy surgeon . . . an up-to-date review 


$18.50 


Lippincott 
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.«FreAmine 


amino acid mixture 


A concentrated source of 8 essential and 7 
nonessential pure crystalline amino acids with a 
formula based on Rose's recommended daily 
allowances of essential amino acids, and the hen's 
egg, the World Health Organization s 

protein standard. 


FREAMINE? 
Parenteral Hyperalimentation Kit: CD 
500 ml of 8.5% FreAmine, 500 ml- McGAW LABORATORIES 


50% Dextrose in Distilled Water; ^ Division of American Hospital 
Transfer Set; Additive Cap; Pressure Supply Corporation 
Sensitive Label; Directions for Use Glendale, California. 

and Mixing. Milledgeville, Georgia. 
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Change of Address: Please allow 60 v D ERMATOM E / 


days before date of issue for change 


of address. Notification should include 


ALUMINUM 
the old as well as the new address, DRUM 
with indication of whether the change " 
| Versatil 
is temporary or permanent. Please n 


give the name of the Journal. Finest Quality 








Send Change of Address cards to: IMPROVED TO SIMPLIFY SKIN GRAFTING! 
Accurate and uniform grafts up to 4 to 8 inches. Throw- 
ANNALS OF SURGERY away Blades, Dermatome Tape, and other accessories 


available for all models. Will take pattern grafts and 
will resplit grafts. Proven by thousands of Surgeons. 


c/o Fulfillment Manager Write Today For Complete Information! 


East Washington Square 


Philadelphia, Penna. 19105 PADGETT DERMATOME DIVISION 


3953 BROADWAY/KANSAS CITY, MO. 64111 
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MA TUTTI 
means smoothage 


..Smoothage means nonirritating bulk 
..Oulk means regularity. 


Metamucil...the means to managing chronic constipation. 


USUAL ADULT DOSAGE: One 
rounded teaspoonful of Metamucil 
powder, one to three times daily, 
in a glass of cool liquid, or one 
packet of Instant Mix Metamucil, 
one to three times daily, in a glass 
of cool water. An additional glass 
of liquid is helpful. 


ae —" .. 
Metamucil powder consists 
of a highly refined mucilloid of the 
psyllium seed. An equal amount of 
dextrose is added as a 


Each dose contains 14 calories 
as carbohydrate and a negligible 
amount of sodium. It is available 
in containers of 7 and 14 ounces. 


Instant Mix Metamucil contains 
3 calories as carbohydrate and 
0.25 Gm. of sodium in each dose. 
It is available in cartons otzg.and 
30 single-dose packets. 


G. D. Searle & Co., 


P. O. Box 5110, Chicago, Illinois 60680 





The endurance record for survival alone on a raft is 133 days, set by 
Second Steward Poon Lim of the U.K. Merchant Navy whose ship, the 
S.S. Ben Lomond, was torpedoed 750 miles off the Azores on Nov. 23, 1942. 
On April 5, 1943, he was picked up by a fishing boat off Salinas, Brazil, and was able 
to walk ashore. Three months later he was awarded the British Empire Medal. - 
(Source: Guiness Book Of World Records, €1971, Sterling Pub. Co., Inc. N.Y.) ^ 








What do Poon Lim 
and Ducon have in common? 


Endurance. 


*Double-blind crossover studies in 114 ulcer 
patients show 'DUCON' keeps gastric pH 

above 3.5 nearly twice as long as the most widely 
used liquid antacid, dose for dose. That kind of 
endurance means your patients may not have to 
take ‘DUCON ' as often : 
as other antacids. 


Recommend 'DUCON' to a 
few of your patients. See if 
you and they don't agree 
that ‘DUCON' is a lot more 
than just another antacid. 










Each teaspoonful (5 ml.) of 'Ducon' contains aluminum hydroxide, 
720 mg.; magnesium hydroxide, 350 mg.; and calcium carbonate, 375 mg. 
Indications: for relief of symptoms associated with gastric 

hyperacidity, e.g., in peptic ulcer and other conditions where 
adjunctive antacid therapy is indicated. 

Contraindications: renal insufficiency, phosphate depletion. 

Adverse Reactions: occasional laxation, nausea and, rarely, 
constipation. Theoretically, hypophosphatemia, hypermagnesemia, 
hypercalcemia, milk-alkali syndrome (with prolonged administration]. 
Usual Adult Dosage: 2 to 3 teaspoonfuls between meals and at 

bedtime, or as needed (40 to 60 ml. daily). Warning: Use in children 
under 12 years of age is not recommended. 

For complete product information, see your 

SK&F Representative or contact SK&F. 


SI 


\ SF smith Kline & French Laboratories, Philadelphia 


Duco 






*extended-action antac 


The Vomiting Episode: a“new view" 
seven seconds that can seem like seven hours 












E 


Pre-vomiting state. 














B: 


Relaxation of gastroesoph- 
ageal junction, lower 
esophagus and cardia, causing 
some initial regurgitation of 
barium into phrenic ampulla 
and distal esophagus. 


To film the x-ray sequence 
above, an emetic was adminis- 
tered to anormal volunteer 
who had been given a barium 
meal. His response: a vomiting 
episode—seven seconds that 
can seem like seven hours. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


The time for Tigan® (trimethobenzamide HCI!) 
One emetic episode doesn’t always call for antiemetic therapy. But 
when repeated bouts of vomiting of known etiology make rapid, T 


decisive antiemetic action essential, it's time for Tigan. 1 can 4 rr UO 
i "Pr s 2a’ > x 









Prompt action, often after a single dose 
Its record of dependability has made Tigan an antiemetic of choice 


for more than a decade. Tigan is indicated for the relief of the (trimethoben zamid 


nausea and vomiting associated with viral gastroenteritis, radiation 


therapy and surgical procedures. Even during active emesis, a single helps stop nausea and 
dose (I.M. or Suppository) often brings desired results. vomiting promptly 


Specific for nausea and vomiting 


* 


À S 
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Tigan is not a tranquilizer, not a phenothiazine. It was formulated Before prescribing, please consult 

for one purpose: to help control nausea and vomiting. Although aoc jp p mu BEN MOMS 
° o o o . X 4 PM mary OI whic OLLOWS: 

occasional hypersensitivity reactions and Parkinson-like symptoms Iodicutonss Prevention and tiestianni 

have been reported, side effects are generally uncommon and seldom of nausea and vomiting due to gastritis 

require withdrawal of therapy. and gastroenteritis caused by infections 


or underlying disease processes, radiation 


Suppositories, capsules, ampuls therapy and operative procedures. 


Tigan offers flexibility of administration with a dosage form for Contraindications: Known hypersen- 
every clinical need. Usual adult dosage is: sitivity to trimethobenzamide. Do not use 
Tigan Suppositories — one 200-mg suppository t.i.d. or q.i.d. injectable in children. Injectable not for 
Tigan Capsules —one 250-mg capsule t.i.d. or q.i.d intravenous use. Suppositories not for 
E ap he2 al (^ P y ee eso i premature or newborn infants or patients 
Tigan Injectable—2 m (200 mg) t.i.d. or q.1.d. M. with known sensitivity to benzocaine or 
It should be noted that Tigan Suppositories are contraindicated in similar local anesthetics. 
d bora aas he necne Words ie aOw recs Warnings: Since drowsiness may oc- 
premature ana new ants. 2ne injectable Iorm 15 recom- cur, patients should not drive or operate 


mended for use in children. machinery until response is determined. 
Use of any drug in pregnancy or lactation 
requires that its potential benefits be 
weighed against its possible hazards. See 
package insert section, Usage in Preg- 
nancy. 

Precautions: During acute febrile ill- 
ness, encephalitides, gastroenteritis, de- 
hydration and electrolyte imbalance, 
especially in children, the elderly or 
debilitated, CNS reactions (e.g., opis- 
thotonos, convulsions, coma and extra- 
pyramidal symptoms) have been re- 
ported with or without use of Tigan 
(trimethobenzamide HCl) or other 
antiemetic agents. In such disorders, ex- 
ercise caution in administering Tigan 
(trimethobenzamide HCl), particularly 
in patients recently receiving other 
CNS-acting agents (phenothiazines, 
barbiturates, belladonna derivatives). 
Treatment of severe emesis with an 
antiemetic alone is not recommended. 
Avoid overhydration. Antiemetic effects 
may impede diagnosis of such conditions 
as appendicitis or obscure toxicity from 
overdosage of other drugs. 

Adverse Reactions: Occasional in- 
stances of hypersensitivity reactions and 
Parkinson-like symptoms, and rare oc- 
currences of blood dyscrasias, blurring of 
vision, coma, convulsions, depression of 
mood, diarrhea, disorientation, dizziness, 
drowsiness, headache, jaundice, muscle 
cramps and opisthotonos have been re- 
ported. If these occur, determine if symp- 
toms are associated with the underlying 
condition or are drug-induced, in which 
case, reduce or discontinue medication. 
Allergic-type skin reactions have been re- 
ported; discontinue use at first sign of 
sensitization. Hypotension has been re- 
ported after parenteral use. 


Next time you require rapid-acting antiemetic medication, specify 
Tigan. 





Descent of diaphragm, caus- 
ing compression of cardia 
and regurgitation of barium 
into phrenic ampulla and 
distal esophagus. 





Emesis of barium. 









SIMPLICITY, EFFICACY, VERSATILITY ON THE SURGICAL SERVICE... 


take advantage of the Kantrex’experienc 
KANAMYCIN SULFATE 


Experience on the surgical 
service in postoperative sepsis and 
Gram-negative pneumonias has led 
many clinicians to consider Kantrex 
(kanamycin sulfate) a drug of 
choice in susceptible Gram-nega- 
tive infections with or without 
shock or septicemia '3(Pseudo- 
monas are resistant). In the pres- 
ence of endotoxic shock?? and to 
prevent progression of sepsis to 
shock, prompt use of Kantrex is 
recommended—often before ob- 
taining susceptibility test results. 


KANAMYCIN SULFA 


INJECTION 


Eleven years of efficacy in 
susceptible infections at many 
sites, in almost any type of patient, 
comprise the Kantrex experience. 
Kantrex coverage includes most 
Gram-negative bacilli and most 
staphylococci (Pseudomonas are 
resistant). Rapid absorption and dif- 
fusion of Kantrex to sites through- 
out the body should provide prompt 
therapeutic response in 24-48 
hours. If no response occurs within 
3-5 days, stop therapy and recheck 
bacterial susceptibilities. 





One simple standardized 
dose forany patientis another facet 
of the Kantrex experience. It means 
you can prescribe Kantrex at 7.5 
mg./Kg., I.M., q. 12 h., in patients 
with normal renal function. And to 
reduce the risk of oto- and nephro- 
toxicity in patients with impaired 
renal function, the same dose ap- 
plies while the time interval be- 
tween doses increases. Simply fol- 
low the "creatinine x 9" formula.* 


*For example: If routine serum creatinine measure- 


ment is 6 mg./ 100 ml., multiply by 9; the interval 
between Kantrex doses is 54 hours. 
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Low toxic potentidt-v 
lis simple regimen reflects the 
antrex experience in postsurgical 
ifections. However, because the 
sk of ototoxicity does exist, daily 
antrex dose should not exceed 
.5 Gm., and total therapy should 
ot surpass 15 Gm. or 15 days. 





BRIEF SUMMARY OF PRESCRIBING INFORMATION 
(9) 7/27/71 

For complete information, consult Official Package 
Circular. 





Warning: The major toxic effect of parenterally 
administered kanamycin sulfate is its action on 
the auditory portion of the eighth nerve. High 
frequency deafness usually occurs first and can 
be detected by audiometric testing. Tinnitus or 
vertigo may occur and are evidence of vestibular 
injury and impending bilateral, irreversible deaf- 
ness. In such cases. decrease size and frequency 
of doses. Discontinue kanamycin and check hear- 
ing if azotemia increases. Watch carefully for oto- 
toxicity in older patients and patients receiving 
more than 15 Gm. of kanamycin. To avoid neuro- 
muscular paralysis with respiratory. depression, 
postpone intraperitoneal instillation in postoper- 
ative patients until recovery from anesthesia and 
muscle relaxants is complete. Avoid concurrent 
use of other ototoxic drugs including ethacrynic 
acid and furosemide. Safety in pregnancy is not 
established. 








Indications Seriousinfections due to susceptible strains 
ot E. coli, Proteus sp., Enterobacter aerogenes, K. pneu- 
moniae, Serratia marcescens and Mima-Herellea. Cul- 
ture and sensitivity studies should be performed. 
Contraindications: A history of hypersensitivity to the 
drug. Prior auditory damage by kanamycin or other 
agents may be a contraindication if effective, alterna- 
tive therapy is available. 

Precautions: Obtain audiograms before and during 
therapy in patients with renal dysfunction when treat- 
ment lasts more than 5 days. Stop Kantrex if tinnitus 
or hearing loss occurs. Hydrate patients to prevent 
chemical irritation of the renal tubules. Assess renal 
function periodically, both before and during therapy. 
If signs of renal irritation occur (casts, cells, protein- 
uria) increase hydration and reduce the dosage or the 
frequency of dosage if necessary. In azotemic patients, 
the frequency (in hours) of doses may be obtained by 
multiplying the serum creatinine by 9. If azotemia or 
oliguria occur, discontinue therapy. Mycotic or bacte- 
rial superinfection may occur. 

Adverse Reactions: Irritation or pain at the injection 
site, skin rash, drug fever, headache and paresthesias. 
Dosage and Administration: The usual dose is 7.5 mg / 
Kg./12 hours I.M. The average dose is 1 Gm. daily for 
adults and children. The maximum total daily adult dose 
should not exceed 1.5 Gm. by all routes of administra- 
tion. Uncomplicated infections due to sensitive orga- 
nisms should respond in 24 to 48 hours. If no response 
occurs in 3 to 5 days, stop therapy and recheck the 
bacterial sensitivities. Hydrate patients well to mini- 
mize renal irritation. Inject deeply into the upper outer 
quadrant of the gluteal muscle. Discard partially used 
vials after 48 hours. The drug should not be physically 
mixed with other antimicrobials. 

Supplied: Rubber capped vials as a ready-to-use sterile 
aqueous solution in two concentrations; 0.5 Gm. in 
2 mli., 1.0 Gm. in 3 ml. Also available—Pediatric In- 
jection 75 mg. in 2 ml. A.H.F.S. Category 8:12.28 
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She's had the best 


treatment for cervicitis. 
Why should her symptoms grow worse! 


Cervicitis is a major cause of malodorous vaginal 
discharge and irritation. Cauterization is a definitive 
treatment for cervicitis. But after cauterization, 
bacteria normally present in the vagina may flourish 
in the organic debris...cause increased necrosis 

and slough, more profuse and offensive discharge. 
The result may be temporarily increased irritation, 
delay in healing. 


Furacin 
(nitrofurazone) 


Vaginal Suppositories/Cream 
"The Cervical Dressing" 


Helps control infection after cauterization... 


‘minimizes malodorous discharge and irritation... 
encourages prompt, clean healing 


FURACIN (nitrofurazone) VAGINAL SUPPOSITORIES 
Formula: Each 2 Gm. suppository, hermetically sealed in gold 
foil, contains Furacin (nitrofurazone) 0.3% (6 mg) in a 
water-miscible base. 


Indications: For treatment of bacterial vaginitis and cervicitis and 
the resulting leukorrhea and malodor; prevention of infection 
before and following cervicovaginal surgery and electrosurgery, 
including hysterectomy and postpartum repair; before and after 
radiation therapy of pelvic neoplasms in women. 


Mode of Use: Insert one or two suppositories in the posterior 
fornix morning and night. The patient should remain supine 
for 10 minutes after insertion, to permit melting and spreading. 
Cleansing douches may be used prior to insertion if desired. 
Use for several days prior to surgery or radiation to eradicate 
accessible infections, and thereafter until healing is complete. 


SENSITIZATION: The frequency of sensitization is low—probably 
not over 1%. Symptoms are local sensation of burning, pruritus or 
erythema. Prompt termination of therapy causes the symptoms to 
disappear. 


Supply—Boxes of 24 (with plastic applicator) and 12. 
Also available: Furacin (nitrofurazone) Vaginal Cream. 
Contains Furacin (nitrofurazone) 0.2% in a water-miscible 
cream base. Tube of 85 Gm. with plastic plunger-type 
applicator (applicator delivers approximately 5.5 Gm. when 
filled with cream). 
NOTE: Furacin (nitrofurazone) preparations will darken on 
exposure to strong light but this does not decrease their efficacy. 
EATON PRODUCT CODE—For easy product identification 
and verification—Furacin Vaginal Suppositories (074). 
For ’round-the-clock medical consultation on Eaton products, 
telephone Norwich, New York, Area Code 607, 334-9911. 

9 Originators and Developers of The Nitrofurans 
& EATON LABORATORIES 


Division of The Norwich Pharmacal Company | 
NORWICH, NEW YORK 13815 
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A gratifying 
announcement about 
Empirin Compound 

with Codeine 


You may now specify up to five refills 

within six months when you prescribe 
TI Empirin Compound with Codeine 

(unless restricted by state law). 


It is significant in this era of increased 
regulation, that Empirin Compound with Co- 
deine has been placed in a less restrictive category. 
You may now wish to consider Empirin with 
Codeine even more frequently for its predictable 
analgesia in acute or protracted pain of moderate 
to severe intensity. 


Empirin Compound with Codeine No. 3 contains 
codeine phosphate* (32.4 mg.) gr. 12. No. 4 
contains codeine phosphate* (64.8 mg.) gr. 1. 
*(Warning— may be habit-forming.) Each tablet 
also contains: aspirin gr. 312, phenacetin gr. 21⁄2, 
caffeine gr. !. 
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Visible Vacuum, the final safeguard. 


The bubbles tell you the integrity of the system is intact. 


After examining the flask and swab- 
bing the stopper immediately before 
piercing, the Cutter Saftisystem™ 
I. V. system gives you a final safeguard: 
visible vacuum. The presence of bub- 
bles when you invert the flask is your 
visible assurance that the integrity 
of the contents is intact. This isn't 
the only way our system gives you 
extra security. A proven bacterial air 


Guide To Parenteral Admixtures 


filter allows only filtered air to reach 
the solution, and a unique solid rub- 
ber stopper keeps the solution sterile 
during infusion. 

With the Saftisystem™ I.V. system 
there are no rubber membranes to 
remove. No tabs to pull. No air-way 
needles to insert. A single thrust of 
the sterile spike pierces the single 
entry point. 


The GUIDE TO PARENTERAL ADMIXTURES is a new authoritative 
and comprehensive reference designed to stay up-to-date. It is an 


extensive compilation of information on the 
compatibility of certain therapeutic drugs 

used in parenteral therapy (I.Y. solutions in 

glass). The Guide will be kept current through 

an on-going literature search. This informa- 

tion will be incorporated into the reference by 

means of a unique supplement service. 

Only Cutter offers you the completely closed 
I.V. system and the GUIDE TO PARENTERAL 
ADMIXTURES, the extra margin of safety 
for your patients and you. For more informa- 
tion, ask your Cutter representative or write 
to Cutter Laboratories, Inc., Publisher, 8900 
Manchester Road, St. Louis, Missouri 63144. 
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With the Saftisystem! M I.V. system 
you know that your patient has the 
extra margin of security of a com- 
pletely closed I.V. system in glass. 

For more information, ask your 
Cutter representative the next time he 
calls, or write to Cutter Labora- 
tories, Inc., Fourth and 
Parker Streets, Berk- 
eley, California 94710. 
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nutritional supplementation 
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BeroCCa'viets is therapy 


With balanced, high potency 
B-complex and C vitamins. 
No odor. 

Virtually no aftertaste. 
Lowest priced Rx formula. 


Please see Complete Prescribing Information, 
a summary of which follows: 


Each Berocca Tablet contains: 
Thiamine mononitrate 
Riboflavin 

Pyridoxine HCI 

Niacinamide 

Calcium pantothenate 
Cyanocobalamin 

Folic acid 
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Indications: Nutritional supplementation in conditions 
in which water-soluble vitamins are required prophy- 
lactically or therapeutically. 

Warning: Not intended for treatment of pernicious 
anemia or other primary or secondary anemias. Neu- 
rologic involvement may develop or progress, despite 
temporary remission of anemia, in patients with per- 
nicious anemia who receive more than 0.1 mg of folic 
acid per day and who are inadequately treated with 
vitamin B,,. 

Dosage: 1 or 2 tablets daily, as indicated by clinical 
need, 

Available: In bottles of 100. 
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Send her home 


with the APC/narcotic 
that's different 


It doesn't contain codeine. 
Instead Percodan incorporates oxycodone as its 







Percodan usually works with- 
in fifteen minutes and its 
relief persists for up to 

J six hours on a single oral 

^ dose. And even when con- 

| stipation is a problem, Percodan 
is generally well tolerated. 

Percodan. For reliable relief of 

moderate to severe pain. 


| Contraindications: Percodan should not be used 
. te $ . è 3 : 

Áa inpatients with glaucoma and in patients hyper- 
ae sensitive to its ingredients (oxycodone, aspirin, 
phenacetin, caffeine and homatropine). 

Precautions: The habit-forming potentialities of Percodan 
are somewhat less than those of morphine and somewhat 
greater than those of codeine. The usual precautions should be 
observed as with other opiate analgesics. Percodan should be 
used with caution in patients with blood dyscrasias. It is 
/ generally well tolerated, but in some patients nausea, emesis, 
| or constipation may occur. 
Usual Adult Dose: One tablet every 6 hours 
preferably after meals or with milk. 


Dercodan « 


Each yellow, scored tablet of Percodan contains 4.50 mg. oxycodone HCI 
(Warning: May be habit-forming), 0.38 mg. oxycodone terephthalate 
(Warning: May be habit-forming), 0.38 mg. homatropine terephthalate, 
224 mg. aspirin, 160 mg. phenacetin, and 32 mg. caffeine. 


After minor surgery--reliable pain relief 
that's end and long lasting 
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and illustrations, plus three copies and 3 sets 
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reprint requests should be included in the 
title page. All pages should be numbered. 


Digits one to ten should be spelled out, 
except when used for units of measurement 
(time, weight, volume, dosage, degrees) per- 
centage, or when decimals are involved; for 
numbers above ten, numerals should be used. 
Dorland's Medical Dictionary and Webster's 
International Dictionary may be used as stand- 
ard references. Scientific names for drugs 
should be used when possible. Copyright or 
trade names of drugs should be capitalized. 
Units of measurement, e.g., dosage, should be 
expressed in the metric system. Temperature 
should be expressed in degrees centigrade. 
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A Dulcolax suppository 
can do anything an enema can — 
except scare people. 


Just one suppository usually assures a predictable 
bowel movement in 15 minutes to an hour. Gone are the tubing, the 
"accidents," and the bruised egos associated with enemas. 

For preoperative preparation, the combination of 
tablets at night and a suppository the next morning usually cleans the 
bowel thoroughly. Suppositories may also be particularly helpful when 
straining should be avoided,as in postoperative care. 

As with any laxative, abdominal cramps are occasion- 
ally noted. Dulcolax is contraindicated inthe acute surgical abdomen. 


Dulcolax...the cure for enemaphobia 


bisacodyl NF 


Under license from Boehringer Ingelheim G.m.b.H GEIGY Pharmaceuticals, Division of CIBA-GEIGY Corporation, Ardsley, New York 10502 
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U.S. Patent No. 3,390,681 


The Teflon-Coated Dacron Suture That 
CANNOT BE DISTINGUISHED FROM SILK 





What you like about silk sutures you'll find in 
‘silky’ POLYDEK - plus the extra strength and 
lower reactivity reported in synthetics. ‘Silky’ 
POLYDEK handles like silk—soft and supple. It 
securely knots with the same number of throws. 
The knot snugs on itself like silk. The knots hold 
just like silk. That's why so many surgeons now 
prefer ‘silky’ POLYDEK over silk... over any 
other braided sutures. 








Soft, supple ‘silky’ POLYDEK handles like 
silk and knots with the same number of 
throws. 


For samples and additional data, please write— 


The holding quality of ‘silky’ POLYDEK is 
identical to silk ... and it gives the added 
protection against infection reported with 
synthetics. 





DEKNATEL, INC. Queens Village, New York 11429 
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A square meal for 
patients who cant have 
a square meal. 






















m m You're looking at a balanced and nutritionally 
ow complete dietary regimen. 

It’s suited for patients who need either total or 
supplementary feeding. Nutri-1000™ liquid is sterile, 
prediluted, ready to use for oral administration or 

gavage feeding. If used according to directions 
it won't clog tube feeding equipment. 
Nutri-1000 liquid comes in conven- 
ient quart cans for easy storage in 
the hospital or at home. 
l Nutri-1000 offers balanced 
>) mineral levels to help meet 
the nutritional needs of the 
tube-fed patient. And its 
fat composition is designed 
for easy digestibility and 
absorption. 
Its a square meal 
in a round can. 











The nutritionally complete liquid 
bland diet that provides 
1000 calories per quart. 


SYNTEX LABORATORIES, INC 
NUTRITIONAL PRODUCTS DIV 
PALO ALTO, CALIFORNIA 94304 





Confirms the value of Talwin’ 
in the hospital 


analgesic efficacy comparable to meperidine and 
morphine with a minimum of significant adverse 
effects 


In postoperative patients: less circulatory depression 
with Talwin 


In a double-blind study of 342 postop patients, 
circulatory depression occurred in 13.296 of 174 
patients receiving morphine; in 5.4% of 168 
patients receiving Talwin.' 


..and in other patients: less respiratory and 
circulatory depression with Talwin 


in a double-blind study of 3 narcotic analgesics and 
Talwin in 118* patients with suspected acute 
myocardial infarction, Talwin caused a significantly 
lower incidence'in the fall of systolic blood pressure 
than the 3 narcotics when the initial pressure was 
120 mm. Hg or higher. Unlike the narcotics, Talwin 
caused a statistically significant rise in the systolic 
blood pressure of patients with initial pressures 
of less than 120. ? 

In a study of a series of patients given Talwin or 
meperidine while anesthetized for surgery, the 
investigators concluded: “It would therefore appear 
that pentazocine is a much safer drug in respect of 
respiratory depression than pethidine [meperidine], 
particularly when repeated injections are to be given, 
e.g., postoperatively or in obstetric practice.” 3 


.. and less of other adverse effects associated 
with narcotic analgesics 
Compared to morphine, Talwin is relatively free fro 
urinary retention and constipation. 
Is less likely to cause nausea, vomiting and 
diaphoresis than meperidine. 


See next page for a complete discussion of adverse 
reactions and a brief summary of other Prescribing 
Information. 


available in 3 dosage strengths —all within the 
range of recommended dosage 

Talwin is available in 30 mg., 45 mg., and 60 mg. 
strengths to provide analgesia specific to 
patients’ needs throughout the course of therapy. 
Most studies indicate that the higher dosage 
strengths produce little, if any, increase in the 
incidence of adverse reactions. 


References: 1. Wallace, George: Int. Surg. 53:135, Feb. 
1970. 2. Scott, M. E. and Orr, Rosemary: Lancet 1:1065, 


May 31, 1969. 3. Davie, |. et al.: Brit. J. Anaesth. 42:113, 
Feb. 1970. 


*Other drugs studied: diamorphine and methadone. 
injectable 
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Injectable Talwin® 
Brand of pentazocine (as lactate) 


e tolerance to analgesic efficacy has not 
been observed 
e not subject to narcotic controls 


Contraindications: Talwin should not be 
administered to patients who are hyper- 
sensitive to it. 

Warnings: Head Injury and Increased In- 
tracranial Pressure. The respiratory de- 
pressant effects of Talwin and its potential 
for elevating cerebrospinal fluid pressure 
may be markedly exaggerated in the pres- 
ence of head injury, other intracranial 
lesions, or a preexisting increase in in- 
tracranial pressure. Furthermore, Talwin 
can produce effects which may obscure 
the clinical course of patients with head 
injuries. In such patients, Talwin must be 
used with extreme caution and only if its 
use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin 
during pregnancy (other than labor) has 
not been established. Animal reproduc- 
tion studies have not demonstrated tera- 
togenic or embryotoxic effects. However, 
Talwin should be administered to preg- 
nant patients (other than labor) only when, 
in the judgment of the physician, the po- 
tential benefits outweigh the possible haz- 
ards. Patients receiving Talwin during 
labor have experienced no adverse effects 
other than those that occur with commonly 
used analgesics. Talwin should be used 
with caution in women delivering prema- 
ture infants. 

Drug Dependence. Special care should be 
exercised in prescribing pentazocine for 
emotionally unstable patients and for 
those with a history of drug misuse. Such 
patients should be closely supervised 
when long-term therapy is contemplated. 
There have been instances of psychologi- 
cal and physical dependence on Talwin in 
patients with such a history and, rarely, 
in patients without such a history. Abrupt 
discontinuance following the extended use 
of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated 
temperature, rhinorrhea, restlessness, anx- 
iety, and lacrimation. Even when these 
occurred, discontinuance has been ac- 
complished with minimal difficulty. In the 
rare patient in whom more than minor dif- 
ficulty has been encountered, reinstitution 
of parenteral Talwin with gradual with- 
drawal has ameliorated the patient's symp- 
toms. Substituting methadone or other 
narcotics for Talwin in the treatment of 
the Talwin abstinence syndrome should be 
avoided. 

In prescribing parenteral Talwin for 
chronic use, particularly if the drug is to 
be self-administered, the physician should 
take precautions to avoid increases in 
dose and frequency of injection by the 
patient and to prevent the use of the 
drug in anticipation of pain rather than for 
the relief of pain. 

Just as with all medication, the oral form 
of Talwin is preferable for chronic admin- 
istration. 

Acute CNS Manifestations. Patients re- 
ceiving therapeutic doses of Talwin have 
experienced, in rare instances, hallucina- 
tions (usually visual), disorientation, and 
confusion which have cleared spontane- 
ously within a period of hours. The mech- 
anism of this reaction is not known. Such 
patients should be very closely observed 
and vital signs checked. If the drug is 
reinstituted, it should be done with caution 
since the acute CNS manifestations may 
recur. 

Usage in Children. Because clinical ex- 


the recovery room: 


ultimate test for, AW 


perience In children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended. 

Ambulatory Patients. Since sedation, diz- 
ziness, and occasional euphoria have 
been noted, ambulatory patients should be 
warned not to operate machinery, drive 
cars, or unnecessarily expose themselves 
to hazards. 

Precautions: Certain Respiratory Condi- 
tions. The possibility that Talwin may 
cause respiratory depression should be 
considered in treatment of patients with 
bronchial asthma. Talwin should be ad- 
ministered only with caution and in low 
dosage to patients with respiratory depres- 
sion (e.g., from other medication, uremia, 
or severe infection), obstructive respira- 
tory conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Al- 
though laboratory tests have nct indicated 
that Talwin causes or increases renal or 
hepatic impairment, the drug should be 
administered with caution to patients with 
such impairment. Extensive liver disease 
appears to predispose to greater side ef- 
fects (e.g., marked apprehension, anxi- 
ety, dizziness, sleepiness) from the usual 
clinical dose, and may be the result of 
decreased metabolism of the drug by the 
liver. 

Myocardial Infarction. As with all drugs, 
Talwin should be used with caution in 
patients with myocardial infarction who 
have nausea or vomiting. 

Biliary Surgery. Until further experience 
is gained with the effects of Talwin on 
the sphincter of Oddi, the drug should be 
used with caution in patients about to 
undergo surgery of the biliary tract. 
Patients Receiving Narcotics. Talwin is a 
mild narcotic antagonist. Some patients 
previously receiving narcotics have ex- 
perienced mild withdrawal symptoms after 
receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone 
to seizures; seizures have occurred in a 


few such patients in association with the 


use of Talwin although no cause and ef- 
fect relationship has been established. 
Adverse Reactions: The most commonly 
occurring reactions are: nausea, dizziness 
or lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are— 
respiratory: respiratory depress on, dysp- 
nea, transient apnea in a small number of 
newborn infants whose mothers received 
Talwin during labor; cardiovascular: cir- 
culatory depression, shock, hypertension; 
CNS effects: sedation, alteration of mood 
(nervousness, apprehension, depression, 
floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic in- 
cluding local: diaphoresis, sting on injec- 
tion, flushed skin including plethora, 
dermatitis including pruritus; other: uri- 
nary retention, headache, paresthesia, al- 
terations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include — neuro- 
muscular and psychiatric: muscle tremor, 
insomnia, disorientation, hallucinations; 
gastrointestinal: taste alteration, diarrhea 
and cramps; ophthalmic: blurred vision, 
nystagmus, diplopia, miosis; 
other: tachycardia, nodules 
and ulceration at injection 
site, weakness or faintness, 
chills, moderate transient 
eosinophilia, allergic reac- 
tions including edema of the 
face. 

See Acute CNS Manifesta- 
tions and Drug Dependence 
under WARNINGS, 


pentazocin 


(as lactate 








Dosage and Administration: Aduli 
cluding Patients in Labor. The 
mended single parenteral dose is 
by intramuscular, subcutaneous, oi 
venous route. This may be repeatec 
3 to 4 hours. Doses in excess of : 
intravenously or 60 mg. intramus 
or subcutaneously are not recomm 
Total daily dosage should not exce 
mg. As with most parenteral drugs 
frequent daily injections are neede 
a prolonged period, intramuscular 
istration is preferable to subcutane: 
addition, constant rotation of in 
sites (e.g., the upper outer quadr: 
the buttocks, mid-lateral aspects 
thighs, and the deltoid areas) is | 
mended. 

Patients in Labor. A single, intramt 
30 mg. dose has been most commoi 
ministered. An intravenous 20 mg. dc 
given adequate pain relief to son 
tients in labor when contractions b 
regular, and this dose may be give 
or three times at two- to three-hour 
vals, as needed. 

Children Under 12 Years of Age. 
clinical experience in children 
twelve years of age is limited, the 
Talwin in this age group is not 1 
mended. 

CAUTION. Talwin should not be mi 
the same syringe with soluble b 
rates because precipitation will oc 
Overdosage: Manifestations. Clinic 
perience with Talwin overdosage ha 
insufficient to define the signs of thi 
dition. 

Treatment. Oxygen, intravenous 
vasopressors, and other supportive 
ures should be employed as indi 
Assisted or controlled ventilation 
also be considered. Although nalo 
and levallorphan are not effective 
dotes for respiratory depression € 
overdosage or unusual sensitiv 
Talwin, parenteral naloxone (Nar 
available through Endo Laboratorie: 
‘specific and effective antagonist. If 
one is not available, parenteral ad 
tration of the analeptic, methylphe 
(Ritalin&), may be of value if resp 
depression occurs. 

Talwin is not subject to narcotic co 
How Supplied: Ampuls of 1 ml. (30 
11⁄2 ml. (45 mg.), and 2 ml. (60 mg.) 
1 ml. containing Talwin (brand of pe 
cine) as lactate equivalent to 30 mg 
and 2.8 mg. sodium chloride, in wa! 
injection. Boxes of 10, 25, and 100. 
Multiple dose vials of 10 ml., each 
containing Talwin (brand of pentaz 
as lactate equivalent to 30 mg. bi 
mg. acetone sodium bisulfite, 1.5 m 
dium chloride, and 1 mg. methylpez 
as preservative, in water for inje 
Boxes of 1. 

The pH of Talwin solutions is ad 
between 4 and 5 with lactic acid ai 
dium hydroxide. 
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Dialose Plus has no 


(dioctyl sodium sulfosuccinate and sodium carboxymethylcellulose plus casanthrano!) 








Andnopitfalls, either,inthemanagement And Dialose Plus softens and lubricates, 


of the constipated surgical patient. too...for easier, less painful 
Because Dialose Plus is more consis- defecation. 
tently reliable than the old-fash- Also available: Dialose" (dioctyl sodium 
ioned constipation remedy. sulfosuccinate and sodium car- 
To lessen the strain of constipation, boxymethylcellulose) —for ef- 
it provides the effective yet fective stool softening and 
gentle peristalsis stimulation of lubrication, when peristalsis 
casanthranol. stimulation is not required. 


N STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 


Skeletal muscle spasm 
frequently 
starts here. 





1. Local 2. Interneurons 3. Other 
pathology stimulates in the spinal cord impulses from the 
free nerve endings, transmit the impulse free nerve endings . 
sending impulses to tothe main motor ascend the cord to 
the spinal cord. neurons, which thalamic and cortica 

contract the muscle levels where they are 
fibers via the motor registered as pain. 


endplates. (This is the 
withdrawal reflex.) 


Valium (diazepam) can be a valuable adjunct in 
your efforts to relieve incapacitating skeletal muscle 
spasm due to local pathology. In strains, fibrositis — any 
form of inflammation or trauma that results in skeletal 
muscle spasm — Valium can help you speed recovery by 
relaxing hypertonic muscles. 

Adjunctive Valium can also help you treat certain 
spastic disorders due to upper motor neuron lesions. 
Patients you can benefit range from athetoid children 
with cerebral palsy to elderly stroke victims. And in its 
injectable form, you can use Valium to help relieve the 
overwhelming spasms of tetanus. 

You should always set Valium dosage at the lowest 
effective level when treating elderly or debilitated 
patients. For example, by starting out with the 2-mg 
tablet once or twice daily, you may often preclude the 


And 
frequently 


stops here. 





A 
29. 
4. This results 5. Contraction 6. Valium? (diazepam) — 

ipulses which of the muscle spindle the potent skeletal muscle 
end through the stimulates its relaxant that can be administered 
ular spinal annulospiral parenterally or orally. 
2m and activate receptors to send 
ramma-efferent impulses via a single 


'ons that contract synapse to the main 

ndsofthemuscle motor neurons, 

dle. augmenting the state 
of contraction. 


development of ataxia or oversedation in geriatric 
outpatients. Lower doses of the injectable (usually 2 mg 
to 5 mg) should be used. 

Injectable Valium (diazepam) seldom signifi- 
cantly depresses respiration. Nevertheless, you should 
have resuscitative facilities available when injecting 
Valium I.V. Rare reports of apnea or cardiac arrest have 
been noted, especially in elderly or very ill patients and 
those with limited pulmonary reserve. 


Before prescribing, please consult summary of product 


information on following page. 
p ® 
Valium 
lazepam 
: 


adjunct in skeletal muscle spasm 


2-mg, 5-mg, 10-mg tablets 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 


Indications: Tension and anxiety 
states, somatic complaints which 
are concomitants of emotional 
factors; psychoneurotic states man- 
ifested by tension, anxiety, appre- 
hension, fatigue, depressive 


symptoms or agitation; symptomatic 


relief of acute agitation, tremor, 
delirium tremens and hallucinosis 
due to acute alcohol withdrawal; 
adjunctively in: skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by 
upper motor neuron disorders; 
athetosis; stiff-man syndrome. 
Injectable form may also be used 
adjunctively in status epilepticus 
and severe recurrent seizures; 
anxiety prior to gastroscopy, 
esophagoscopy, and Surgical pro- 
cedures; cardioversion (l.V.); 
tetanus. 

Contraindications: Use of Injectable 
in infants and tablets in children 
under 6 months of age; known 
hypersensitivity to drug; acute 
narrow angle glaucoma; may be 
used in patients with open angle 
glaucoma who are receiving appro- 
priate therapy. 

Warnings: Tablets: Not of value in 
treatment of psychotic patients, and 
should not be employed in lieu of 
appropriate treatment. As with most 
CNS-acting drugs, caution patients 
against hazardous occupations re- 
quiring complete mental alertness 
(e.g., operating machinery, driving). 
When using oral form adjunctively 
in convulsive disorders, possibility 
of increase in frequency and /or 
severity of grand mal seizures may 
require increase in dosage of stand- 
ard anticonvulsant medication; 
abrupt withdrawal in such cases 
may also be associated with tem- 
porary increase in frequency and/ 
or severity of seizures. Advise 
patients against simultaneous 
ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms 
(similar to those with barbiturates 
and alcohol) have occurred follow- 
ing abrupt discontinuance (convul- 
sions, tremor, abdominal and 
muscle cramps, vomiting and 
sweating). Keep addiction-prone 
individuals (such as drug addicts 
or alcoholics) under careful sur- 
veillance because of their predis- 
position to habituation and 
dependence. Use of any drug in 
pregnancy, lactation or in women 
of childbearing age requires that 
potential benefit be weighed against 
possible hazard. Injectable: |.V. 
should be injected slowly, directly 
into vein, taking at least one minute 
for each 5 mg (1 ml) given; do not 
mix or dilute with other solutions 


Valium 
(diazepam) 
2-ml Tel-E-Ject " 





or drugs; do not add to I.V. fluids. 
Rare reports of apnea or cardiac 
arrest noted, usually following I.V. 
administration, especially in elderly 
or very ill and those with limited 
pulmonary reserve; duration is 
brief; resuscitative facilities should 
be available. Not recommended as 
the sole treatment for psychotic or 
severely depressed patierts; should 
not be administered to patients in 
shock, coma, or in acute elcoholic 
intoxication with depression of vital 
signs. 

Precautions: If combined with other 
psychotropics or anticonvulsants, 
carefully consider individual phar 
macologic effects—particularly 
with Known compounds waich may 
potentiate action of Valium (diaz- 
epam), such as phenothiazines, 
narcotics, barbiturates, MAO 
inhibitors and other antidepres- 
sants. Employ usual precautions in 
the severely depressed or in those 


with latent depression; suicidal tend- 


encies may be present and protec- 
tive measures necessary. Observe 
usual precautions in impaired 

renal or hepatic function. Limit 

oral dosage to smallest effective 
amount in elderly and deb litated 

to preclude ataxia or overseda- 

tion (initially 2 to 2/2 mg once or 
twice daily, increasing gradually 

as needed or tolerated). /njectable: 
Not recommended for bronchos- 
copy, laryngoscopy, obstetrical 

use, or in diagnostic procedures 
other than gastroscopy and esopha- 
goscopy; laryngospasm is a possible 
reaction during gastroscopy and 
necessary countermeasures should 
be available; drug has producec 
hypotension or muscular weakness 
particularly when used with nar- 
cotics, barbiturates or alcohol; since 
effect with narcotics may ke addi- 
tive, appropriate reduction in nar- 
cotic dosage is possible; use lower 
doses (2 to 5 mg) for elder y and 
debilitated; safety and efficacy in 
children under 12 not established. 
Adverse Reactions: Side effects most 
commonly reported: drowsiness, 
fatigue and ataxia. Infrequently 
encountered: confusion, ccnstipa- 
tion, depression, diplopia, dys- 
arthria, headache, hypotension, 
incontinence, jaundice, changes in 
libido, nausea, changes in saliva- 
tion, skin rash, slurred speech, 
tremor, urinary retention, vertigo 
and blurred vision; with Injectable, 
hiccups, hypoactivity, phlebitis at 
injection site, syncope and urticaria. 
Paradoxical reactions such as acute 
hyperexcited states, anxietv, hallu- 


cinations, increased muscle spastic- 


ity, insomnia, rage, sleep disturb- 
ances and stimulation have been 
reported; should these occur, use 
of the drug should be discontinued. 
Because of isolated reports of neu- 


(disposable syringes) 
10-ml multidose vials 


5 mg/ml 
2-ml ampuls 


tropenia and jaundice, periodic 
blood counts and liver function tests 
are advisable during long-term 
therapy. Minor changes in EEG 
patterns (low-voltage fast activity) 
observed during and after therapy 
and are of no known significance. 
Dosage: Individualized for maxi- 
mum beneficial effect. ORAL—Adults: 
Tension, anxiety and psychoneu- 
rotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. ‘in first 24 hours, then 5 mg 
t.i.d. or q.i.d. as needed; adjunc- 
tively in skeletal muscle spasm, 2 
to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated 
patients: 2 to 2⁄2 mg lor 2 times 
daily initially, increasing as needed 
and tolerated. (See Precautions.) 
Children: 1 to 21^ mg t.i.d. or q.i.d. 
initially, increasing as needed and 
tolerated (not for use under 6 
months). INJECTABLE—Usual initial 
adult dose is 2 to 10 mg I.M. or L.V., 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) 
with slow dosage increase for 
elderly or debilitated patients and 
when sedative drugs are added. (See 
Precautions and Adverse Reac- 
tions.) In gastroscopy and esopha- 
goscopy, 5 to 10 mg I.M. or I.V., 30 
min. prior to procedure. As pre- 
operative medication, 10 mg I.M., 

1 to 2 hours before surgery. In 
cardioversion, 5 to 15 mg, I.V., 
within 5 to 10 min. prior to proce- 
dure. Give l.V. injections slowly; 
take at least 1 minute for each 5 mg 
(1 ml). 

In acute conditions injection may 
be repeated within 1 hour, although 
interval of 3 to 4 hours is usually 
satisfactory; not more than 30 mg 
should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium® (diazepam) 
Tablets, 2 mg, 5 mg and 10 mg; 
bottles of 100 and 500. All strengths 
also available in Tel-E-Dose® 
packages of 1000. Valium® (diaz- 
epam) Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E- 
Ject'-^- (disposable syringes), 2 ml, 
boxes of 10. Each ml contains 5 mg 
diazepam, compounded with 4096 
propylene glycol, 1096 ethyl alcohol, 
596 sodium benzoate and benzoic 
acid as buffers, and 1.596 benzyl 
alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc 
Nutley, N.J 07110 








Of course not. That's why FLEET® ENEMA is used so 
often on the third postoperative day. It virtually as: 
sures evacuation without pain or discomfort. 

FLEET ENEMA Cleanses the left colon and rectum 
in minutes (five at the most), inducing a physio- 
logical pattern of evacuation that spares bedridden 
patients the cramping of oral laxatives, the burning 
of suppositories, and the irritation of soapsuds ene- 
mas. 

And FLEET ENEMA is completely, but completely, 


uL. A Fu TO: ERlRTIVE r ATIENT 
FIND HAPPINESS WITH BOWEL STASIS? 








disposable: there's nothing to fill, nothing to asserr 
ble, nothing to clean. 

FLEET ENEMA. Happiness for the postoperative pe 
tient with bowel stasis and for his doctor. 


Warning: Frequent or prolonged use of enemas may resul 
in dependence. Take only when needed or when prescribed by 
a physician. Do not use when nausea, vomiting, or abdomina 
pain is present. 

Caution: Do not administer to children under two years of agt 


unless directed by a physician. 
C. B. FLEET CO., INC. | 
Lynchburg, Va. 24505 
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from herniorrhaphy... 


LTHOUGH herniorrhaphy may 

be considered a common and 
relatively minor surgical procedure, 
the anesthetic used is not a minor 
consideration. And, in a long, often 
complicated procedure such as 
nephrectomy, the choice of anes- 
thetic agent is even more critically 
important to surgeon, anesthesiol- 
ogist and patient. 

From herniorrhaphy to nephrec- 
tomy, FLUOTHANE (halothane) 
anesthesia offers important character- 
istics Which are adaptable to the needs 
of many surgical procedures. For 
example, in herniorrhaphy, unevent- 
ful postop recovery is apt to be an 
important consideration—a require- 
ment that is well met by FLUOTHANE. 
And, in prolonged surgery such as 
nephrectomy, the necessity for con- 


tinuous electronic monitoring of the 





patient is facilitated by FLUOTHANE 
because it is nonexplosive and non- 
flammable. These properties take 
on added significance in view of the 
multiplicity of electrical devices 
employed in the modern operating 
room. 
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to nephrectomy 


From herniorrhaphy to nephrec- 
tomy, FLUOTHANE (halothane) i5 
the most widely used inhalant 
anesthetic...with good reason. 

o nonflammable, nonexplosive 

o permits use of high concentrations 
of oxygen 

g allows free use of cautery for more 
adequate control of bleeding 

o minimal odor facilitates smooth, 
rapid induction without engen- 
dering patient distress 

5 early obtundation of pharyngeal 
and laryngeal reflexes facilitates 
intubation—effects which persist 
throughout light planes of 
maintenance 

g nonirritating to air passages—does 
not provoke laryngospasm, retch- 
ing, coughing 

| lessens airway problems 


permits rapid changes in depth 





of anesthesia 
g emergence is rapid and tranquil 
with quick recovery of protective 


reflexes 





g minimal nausea and vomiting, 


brandof HALOTHANE "' "^ 


the most widely used inhalant anesthetic 
from 


Ayerst. ...for precision, experience, and quality 


(See last page of advertisement for Brief Summary.) 
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BRIEF SUMMARY 

(For full prescribing information, 

see package circular.) 

FLUOTHANE® (HALOTHANE) 
FLUOTHANE is nonflammable, and its 
vapors mixed with oxygen in propor- 
tions from 0.5 to 50 per cent (v/v) are 
not explosive. FLUOTHANE does not de- 
compose in contact with warm soda 
lime. When moisture is present, the 
vapor attacks aluminum, brass, and 
lead, but not copper. FLUOTHANE is solu- 
ble in rubber, some plastics, and similar 
materials; such materials will deterior- 
ate rapidly in contact with FLUOTHANE 
vapor or liquid. Stability of FLUOTHANE 
is maintained by the addition of 0.01 
per cent thymol (w/w), and storage is in 
amber colored bottles. 

FLUOTHANE should not be kept in- 
definitely in vaporizing bottles not spe- 
cifically designed for its use. It is recom- 
mended that vaporizers be emptied at the 
end of each operating day. T hymol does 
not volatilize along with FLUOTHANE, and 





therefore accumulates in the vaporizer, 
and may, in time, impart a yellow color 


to the remaining liquid or to wicks in 
vaporizers. The development of such dis- 
coloration may be used as an indicator 
that the vaporizer should be drained and 
cleaned, and the discolored FLUOTHANE 
discarded. Accumulation of thymo! may 
be removed by washing with diethyl 
ether. After cleaning a wick or vapor- 
izer, make certain all the diethyl ether 
has been removed before reusing the 
equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 
rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE 
is not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 


FLUOTHANE® (HALOTHANE) IS AVAILABLE IN THE UNITED STATES BY ARRANGEMENT WITH IMPERIAL CHEMICAL INDUSTRIES, LTD 


FLUOTHANE (halothane) reduces the 
blood pressure, and frequently decreases 
the pulse rate. The greater the concen- 
tration of the drug, the more evident 
these changes become. Atropine may re- 
verse the bradycardia. FLUOTHANE does 
not cause the release of catecholamines 
from adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeletal muscles. Cardiac arrhyth- 
mias may occur during FLUOTHANE anes- 
thesia. These include nodal rhythm, AV 
dissociation, ventricular extrasystoles 
and asystole. FLUOTHANE sensitizes the 
myocardial conduction system to the ac- 
tion of epinephrine and norepine- 
phrine, and the combination may cause 
serious cardiac arrhythmias, FLUOTHANE 
increases cerebral spinal fluid pressure. 
FLUOTHANE produces moderate muscu- 
Muscle 
used as adjuncts in order to maintain 


lar relaxation. relaxants are 
lighter levels of anesthesia. FLUOTHANE 
augments the action of nondepolarizing 
relaxants and ganglionic blocking 
agents. FLUOTHANE Is a potent uterine 
relaxant, 

Indications. FLUOTHANE is indicated for 
the induction and maintenance of gen- 
eral anesthesia. 

Contraindications. FLUOTHANE should 
be avoided when a previous exposure 
was followed by fever and jaundice, or 
when there was an unexplained postop- 
erative fever. FLUOTHANE (halothane) 
is not recommended for obstetrical an- 
esthesia except when uterine relaxation 
is required. 

Warnings. FLUOTHANE should be used 
in vaporizers that permit a reasonable 
approximation of output, and prefer- 
ably of the calibrated type. The vapori- 
zer should be placed out of circuit in 
closed circuit. rebreathing systems; 
otherwise overdosage is difficult to avoid. 
The patient should be closely observed 
for signs of overdosage, i.e., depression 
of blood pressure, pulse rate, and venti- 
lation, particularly during assisted or 
controlled ventilation. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse etlects 
upon fetal development. ‘Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, 
unless, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnor- 
malities involving liver dysfunction, in- 
cluding a history of viral hepatitis, may 
be a basis for selecting an anesthetic 
other than a halogenated agent. 

The uterine relaxation obtained with 


FLUOTHANE, unless carefully controlled, 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, 
if FLUOTHANE is indicated, administra- 
tion should be preceded by measures 
ordinarily used to reduce cerebrospinal 
fluid pressure. Ventilation should be 
carefully assessed, and it may be nec- 
essary to assist or control ventilation to 
insure adequate oxygenation and car- 
bon dioxide removal. 

Epinephrine or norepinephrine 
should be employed cautiously, if at all, 
during FLUOTHANE (halothane) anes- 
thesia since their simultaneous use may 
induce ventricular tachycardia or fibril- 
lation. 

Nondepolarizing relaxants and gan- 
glionic blocking agents should be ad- 
ministered cautiously, since their actions 
are augmented by FLUOTHANE. 
Adverse Reactions. The following ad- 
verse reactions have been reported: 
hepatic necrosis, cardiac arrest, hypo- 
tension, respiratory arrest, cardiac ar- 
rhythmias, hyperpyrexia, shivering, 


nausea, and emesis. 





Dosage and Administration, FLUOTHANE 
may be administered by the nonre- 
breathing technic, partial rebreathing, 
or closed technic. The induction dose 
varies from patient to patient. The 
maintenance dose varies from 0.5 per 
cent to 1.5 per cent. 

How Supplied. No. 3125—Unit pack- 
ages of 125 cc. and 250 cc. of halothane 
stabilized with 0.01% thymol (w/w). 


FLUOTHANE 
(HALOTHANE) 
the most widely used 


inhalant anesthetic... 
from 

MENOR NY ME 
for precision,experience, 
and quality. 


7203A 





“Clean-wound 
insurance: 





Skin Graft Donor Site after Two Weeks’ Treatment with... 


it is not bound, inactivated, or 
destroyed by blood or 

serous exudate. And since 
a all forms of Furacin are 
PERCUNUN GRE. yo used only topically they never 


still large completely 


—— —— interfere with systemic medi- 


The efficacy of Furacin (nitrofurazone) in combating seconda : 
infection was clearly demonstrated in a study of 50 donor s! ites! Half of cation 
‘ 


each site was dressed with Furacin-impregnated fine mesh gauze, the 
cheetah ne RENN awa, ___ Furacin helps keep surgical 
ee nol uaicenecacmeromenn Stes infection-free...to help 
epithelization, nor was there any sensitization. the healing process. That's why 
Furacin (nitrofurazone) we say, Furacin does more 
controls infection...encourages than just cover a wound. 
faster healing of wounds. For more information, or 
Furacin does more than just samples for 
cover a wound- it actually your evaluation, 
helps the healing process by write or call 
preventing most surface your Eaton 
bacterial infections. Furacin representative. 
penetrates throughout the 
lesion to effectively destroy most 
bacteria commonly causing 
surface infections. Yet it is gentle 
to healing tissue. 

Furacin is effective against a 
wide range of gram-negative 
and gram-positive organisms— 


Furacin 


nitrofurazone 


antibacterial dressing 


1 1. JEFFORDS JV, HAGERTY RF: The healing of 
e h itrof 
NE and Developers of The Nitroferans donor sites. Ann Surg 145: 169, 1957. 





























FORMULA: Contains Furacin 
(nitrofurazone) 0.2% in Solu- 
base® (a water-soluble base of 
polyethylene glycols 4000, 
1000 and 300) 


SENSITIZATION: Sensiti- 
zation to Furacin is rarely seen. 
in burns and surgical practice, 
the reported incidence not ex- 
ceeding 0.5%. The reported 
overall incidence of sensitiza- P 
tion is low, about 1.1%, inclu 
ing those reactions whit 
occur when treating chronk 
stasis ulcers, notoriously sên- 
sitive to many agents. In these 
cases, sensitization is mini- 
mized by protecting surround- 
ing intact skin with a bland: 
ointment. To minimize any ad- 
verse effect restrict applica- 
tion where possible to 5 to 7 
days, and remove medication: 
by irrigation at first sign of irri- 
tation. Furacin (nitrofurazone) 
does not replace surgical pro- 
cedures when these are indi- 
cated; however it is à useful 
adjunct 3 








EATON LABORATORIES 
Division of The Norwich Pharmacal Company 
NORWICH, NEW YORK 13815 
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In addition to suffering the pain of a fractured 
arm, this patient has experienced anxiety (he'll be 
out of work for several days, and he's worried 
about the medical expenses) ; embarrassment (his 
wife warned him to hire a painter, and he insisted 
on doing it himself); frustration (he spilled a gal- 
lon of expensive paint all over his driveway); 
anger (he's mad at himself for being so careless); 
and disappointment (he can't play golf with the 
boys tomorrow). No doubt these psychic factors 
actually increased his perception of pain. Surely 
the last thing he needs is an analgesic containing 
caffeine. The logical choice is Phenaphen with 
Codeine. It provides a quarter grain of phenobar- 
bital to take the nervous "edge" off, so the rest of 
the formula can control the pain more effectively. 
It's no accident that Phenaphen formulations con- 
tain a sedative rather than a stimulant. Don't you 
agree, Doctor, that psychic overlay is an important 


factor in most of the accident cases you see? 


Indications: Provides relief in severer grades of pain, on low codeine 
dosage, with minimal possibility of side effects. Its use frequently makes 
unnecessary the use of addicting narcotics. Contraindications: Hyper- 
sensitivity to any of the components. Precautions: As with all phenacetin- 
containing products, excessive or prolonged use should be avoided. Side 
effects: Side effects are uncommon, although nausea, constipation and 
drowsiness may occur. Dosage: Phenaphen No. 2 and No. 3—1 or 2 cap- 
sules every 3 to 4 hours as needed; Phenaphen No. 4—1 capsule every 
3 to 4 hours as needed. For further details see product literature. 


Gi Phenaphen with Codeine is now classified in Schedule III, Con- 
trolled Substances Act of 1970. Available on prescription and may 
be refilled 5 times within 6 months, unless restricted by state law. 


A. H. Robins Company, Richmond, Va. AW ROBINS 





j ne compound analgesic that calms instead of caffeinates 





Phenaphen with Codeine Nos. 2, 3, or 4 contains: Phenobarbital 
(/s gr.), 16.2 mg. (warning: may be habit forming); Aspirin (272 
gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Hyoscyamine sulfate, 
0.031 mg.; Codeine phosphate, 14 gr. (No. 2), V» gr. (No. 3) or 1 gr. 
(No. 4) (warning: may be habit forming). 





OP ameti gato Pratt ALI 


e a 


= qm 





No other disposable or muslin drape can 
equal the performance of the new single-use 
BARRIER* % Sheet in extremity draping. 

Fiaids won't soak through, even under 
pressure from a limb. Towel clamps grip 

securely without tearing. And the ab- 

—Ssorbent surface helps control fluid 

run-off at the operative site. 
The secret is the extra-large panel 
of tough DRISITE* Fabric bonded 
to critical areas of the sheet. Im- 
/ pervious to moisture, this unique 
fabric prevents migration of patho- 
gens through the drape. 

Even if you’ re still using muslin drapes, 
you'll want to add an extra measure of safety 
to your extremity draping procedures—the 
sterile, single-use BARRIER % Sheet. 


‘The new BARRIER’ 34 Sheet with 
DRISITE Fabric Panel. 


NEW SIZE... . NEW PROTECTION 


Innovators in surgical draping 


. TRAD EMARK "1 & fohwon «lohnen 1972 














in hemorrhagic disease of the newborn 


The American Academy of 
Pediatrics Committee on 


Nutrition’ prefers Vitamin K, 


to the analogues 


_ "Vitamin K, and commonly employed synthetic 

vitamin K analogues . . . are all probably safe 
and effective when administered to the infant 
in proper dosage for the prophylaxis and treat- 
ment of hypoprothrombinemia and spontane- 
ous hemorrhage of premature and full-term 
infants. However, the margin of safety is al- 
most certainly greatest with vitamin K, (phy- 
tonadione) and vitamin K, is therefore con- 
- sidered the drug of choice. . . ." 


For additional prescribing information, please see facing page. 


AquaMEPHYTO? 


(PHYTONADIONE | MSD) 


Aqueous Colloidal Solution of Vitamin] 
INJECTION, 2 mg or 10 mg per cc 


VITAMIN K,—IDENTICAL WITH THE VITAMIN OCCURRII 
IN FOOD 


In the prevention and treatment of hemorrhag 
disease of the newborn, AquaMEPHYTON offe 


e specificity —AquaMEPHYTON is a specific corre 
tive of the most common cause of hemorrhage. 
the newborn—prothrombin deficiency? 


e greater margin of safety—kernicterus has not bet 
observed after prophylactic or therapeutic doses. 
AquaMEPHYTON, although it has occurred, und 
certain conditions, with the analogues - 








1. Pediatrics 28:501-507, Sept. 1961. 
2. Quick, A. J.: Hemorrhagic Diseases 
and Thrombosis, 2nd ed., Philadelphia, 
Lea & Febiger, 1966, p. 110. 


Warnings: In anticoagulant-induced 
hypoprothrombinemia, overzealous 
therapy may restore conditions which 
originally permitted thromboembolic 
phenomena; keep dosage as low as pos- 
sible and check prothrombin time reg- 
ularly. Phytonadione will not counteract 
the anticoagulant action of heparin. 
Precautions: Avoid rapid intravenous 
injection; intravenous administration, 
when warranted, must not exceed a 
rate of 5 mg per minute. 
Temporary resistance to prothrombin- 
depressing anticoagulants may result, 
especially when larger doses of phyto- 
nadione are used; when reinstituting 
anticoagulant therapy after relatively 
large doses of phytonadione, it may be 
necessary to use somewhat larger 
doses of the prothrombin-depressing 
anticoagulant, or to use one which 
acts on a different principle, such as 
heparin sodium. 
The aqueous colloidal solution for injec- 
tion should not be diluted with other 
than the recommended diluents. When 
dilutions are indicated, administer im- 
mediately after mixture with diluent, 
and discard unused portions of the dilu- 
tion as well as unused contents of the 
ampul. Store in a dark place and pro- 
tect from light at all times, even after 
dilution. 
Adverse Reactions: Rarely, severe re- 
actions, including shock, have occurred 
with rapid intravenous administration. 
Transient “flushing sensations” and 
"peculiar" sensations of taste have 
been observed, as well as rare instances 
of dizziness, rapid and weak pulse, pro- 
fuse sweating, brief hypotension, dysp- 
nea, and cyanosis. Occasionally, pain, 
swelling, and tenderness at the injec- 
tion site may occur. The possibility of 
allergic sensitivity, including an ana- 
pog reaction, should be kept in 
mind. 
Hyperbilirubinemia has been observed 
rarely in the newborn following admin- 
istration of phytonadione in a dose of 
5 mg. However, at the usual prophy- 
lactic dose of 1 mg, this has not oc- 
curred. Kernicterus has not been re- 
ported following administration of the 
aqueous colloidal solution at any thera- 
peutic dose level. 
How Supplied: Injection AquaMEPHY- 
TON (Phytonadione, MSD)—yellow, 
sterile, aqueous, colloidal solution 
E in each cc: phytonadione 
(vitamin K), 2 mg or 10 mg; 70 mg 
polyoxyethylated fatty acid derivative, 
37.5 mg dextrose, and 0.9% benzyl 
alcohol. In 0.5-cc ampuls containing 
1 mg of vitamin K;, and in 1.0-cc am- 
puls, 2.5- and 5.0-cc multiple-dose vials, 
containing 10 mg of vitamin K; per cc. 


For more detailed information, consult your MSD 
representative or see the Direction Circular. Merck 
Sharp & Dohme, Division of Merck & Co., Inc., 
West Point, Pa. 19486 


MSD merck SHARP & DOHME 


ARTERIAL 
SURGERY 


By H. H. G. Eastcott, M.D., F.R.C.S. 


This handsomely-illustrated work offers an ex- 
ceptionally complete clinical, pathological and 
therapeutic presentation of the entire range 
of arterial disorders. The causes of arterial 
diseases and injuries are fully described, to- 
gether with precise surgical procedures. The 
entire clinical picture for each disorder is dis- 
cussed, and an abundance of case reports is 


included. 


“Only a surgeon with a breadth and depth of 
experience could present the subject so 
thoroughly and authoritatively. . . . This is 
an outstanding volume which can be highly 
recommended and without reservation to medi- 
cal students, residents, general surgeons, and, 
in this reviewer's opinion, to experienced vas- 
cular surgeons.”—Surgery, Gynecology and 
Obstetrics. 


412 Pages 652 Illustrations 1969 $22.00 


J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


Arterial Surgery 


Zip CODE 
C] Payment Enclosed [] Bill me AS4/72 








unique mucoadhesive foam 


abetter way to 
medicate the mucosa 


.. after surgery 

Local steroid-analgesic therapy has not quite fulfilled its 
promise to proctology, because dosage forms often limit 
therapeutic success: conventional ointments and suppositories 
tend to under- or overshoot the most common operative sites— 
the anal canal and lower rectum.'-® By assuring more thorough 
coverage of the definitive pathologic sites... 

Proctofoam-HC® offers greater promise of a short and 
pain-free postoperative period 

e better contact with the involved tissues;'-6 spreads evenly 
throughout the anal canal, rectal crypts, papillae, and 
hemorrhoidal sites 

e faster wound healing!-3.5 (212 to 3 weeks instead of an 

expected 32 to 4 weeks) 





in postoperative therapy, 
hemorrhoids, proctitis 
cryptitis, fissures, g 
and pruritus ani $ 


EX n 






, E 








«less scar formation—wounds were more 
pliable, with clean, healthy-looking 
granulating tissue!'-? 

«less edema, inflammation, swelling, itching, 
pain, and tenesmus! 3.5.6 

¢ preferred by patients to other forms of 
therapy!:4.9 


a Reed & Carnrick/ Kenilworth, N.J. 07033 





Proctofoam-HC 


antiinflammatory /antipruritic/ analgesic 
Each measured dose (approx. 6.5 ml.) delivers hydrocortisone acetat 
1%, pramoxine hydrochloride 1%, in a water-soluble, mucoadhesive 


faam haca 


in postoperative 
therapy, 
hemorrhoids, 
proctitis, 
cryptitis, 
fissures, 

and pruritus ani 


Proctofoam-HC 


Active Ingredients: Hydrocortisone acetate, 
1%, and pramoxine hydrochloride, 1%, in 

a mucoadhesive foam base. 

Indications: Temporary relief of anorectal 
inflammation, pruritus, pain and swelling 
associated with hemorrhoids, proctitis, 
cryptitis, fissures, postoperative pain and 
pruritus ani. 

Contraindications: Abscess, extensive 
fistulas or sinus tracts, tuberculosis, varicella, 
vaccinia or acute herpes simplex. 
Precautions: A complete rectal examination 
to rule out serious pathology should be com- 
pleted before instituting therapy. Do not use 
on infected lesions unless accompanied by 
antiinfective agents. Discontinue use if 
sensitivity develops. 

Caution: Do not insert any part of the aerosol 
container into the anus. Contents of the con- 
tainer are under pressure, but not flammable. 
Dosage: One applicatorful two or three times 
daily and after each bowel evacuation. 
Perianally, apply as needed. 

How Supplied: In aerosol container providing 
15 Gms. of medication (approx. 25 appli- 
cations) with special rectal applicator and 
patient instructions. 

References: 1. Bernstein, l.: Surg. Dig. 4:23, 
Jan. 1969. 2. Sladek, W. R.: Scientific exhibit 
presented at 69th Annual Meeting of American 
Proctologic Society, Hollywood, Fla., April 
12-16, 1970. 3. Sladek, W. R.: Amer. J. Clin. 
Res. 1:33, Jan.-Feb. 1970. 4. O Brien, J. R.: 
Surg. Dig. 4:27, April 1969. 5. Miller, H.: 
Amer. J. Proctol. 18:59, Feb. 1967. 6. Lieber- 
man, W.: Amer. J. Proctol. 20:134, April 1969. 


Reed & Carnrick/Kenilworth, N.J. 07033 
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ATLAS of 
GASTROINTESTINAL 
SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
fessor of Surgery, and Director 
of Institute of Gastroenterology, 
Tokyo Women’s Medical College 


Here is an atlas of exceptional surgical merit 
and surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid, step-by-step fashion the surgical methods 
that have won him international acclaim. 


The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
his atlas is devoted to surgery of this type. It 
includes a description, in minute detail, of Dr. 
Nakayama's reconstruction of the cervical esoph- 
agus using a revascularized segment of the 
bowel. In the remaining two-thirds of the 
atlas you'll find operations on the rest of th: 
gastrointestinal tract plus the gall bladder, bile 
duct, liver, pancreas, and spleen. 


Surgical indications, pre- and postoperative care, 
and complications are described along with the 
surgical techniques. A beautiful section of the 
atlas contains large photographs of, and in- 
structions for the use of, Dr. Nakayama's in- 
struments for small vessel anastomosis. 


649 Pages 1500 Illustrations 1969 $42.00 


J. B. Lippincott Company 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
Atlas of Gastrointestinal Surgery. ..... 































Pack the ulcerated area with 
the ELASE-saturated gauze 
strips...making sure the satu- 
rated gauze remains in contact 

. with the necrotic substrate. (If the 
lesion is covered with a heavy eschar, 

it must be removed surgically before © 
wet-to-dry debridement is begun.) 






Remove dried gauze. This 
mechanically debrides the 
area. Repeat wet-to-dry 
procedure three to four 
times daily since quen. 





enhance results. ^" — 

: Note: After two, three, or four. 

= days of ELASE wet-to-dry 

-. dressings (dependingonseverity 
ot lesion), the area becomes free 
of necrotíc material and starts to 
fill in with granulation tissue. 









the new way is 
wet-to-dry 
„debridement with 


Elas solution 


(fibrinolysin and desoxyribonuclease, 











combined [ bovine} ) 


INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 

- otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 


tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 


)MBINED (BOVINE) 


tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


PARKE-DAVIS 


Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20,000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 


E 


FIBRINOLYSIN AND 1 

RIBONUCLEASE, COMBINI 
(BOVINE) QOS 

CAUTION —Federal law pii 
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Parke, Davis & Company, Detroit, Michigan 48232 HF PA s93 10217! 








The antistaph 
ecialist 

that’s always 
on call. 


One of the most effective antistaph agents. 
Reconstitutes in less than 60 seconds. 
Remains stable for 24 hours? 


Rapid penetration of target areas 


Following intramuscular administration, Unipen appears rapidly in plasma. 
It penetrates body tissues in high concentration and diffuses well into pleural, 
pericardial and synovial fluids. 











When the infection is penicillin-G resistant 


Unipen (sodium nafcillin) is indicated principally in the treatment of 
infections known to be due to penicillinase-producing staphylococci which 
have been shown sensitive to it. 


When in doubt 


Unipen is particularly suitable for initial therapy in severe or potentially 
severe infections before definitive culture results are known and in which 
penicillinase-producing staphylococci are suspected.* In such cases, take 
appropriate specimens for bacteriologic studies to determine the causative 
organisms and their sensitivity to nafcillin prior to the first dose of antibiotic. 


*Penicillinase-producing staphylococci which have been shown sensitive to nafcillin. 


TSee important information under parenteral administration on next page. 
+See Important Note, on next page. 


UNIPEN 
(sodium nafcillin) 


as the monohydrate, buffered 


Ease of reconstitution plus 24-hour stability in I.V. solu- 
tions put this potent antistaph agent ‘‘on call." 
No precipitation, less than 10% loss in activity in I.V. 
solutions held at room temperature for 24 hours.t 

e 5% dextrose in water 

e 5% dextrose in 0.4% NaC! solution 

e Isotonic NaCl 

e Ringer’s solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 


TSee “Intravenous Route" section of Brief Summary on this page. 


Indications 

The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 
therapy. 

Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteri- 
ology report later indicates the infection is due to an organism other 
than a penicillin G-resistant staphylococcus sensitive to sodium naf- 
cillin, the physician is advised to continue therapy with a drug other 
than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methicillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicil- 
lins. For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 
these antibiotics. 

Contraindications 

A history of allergic reaction to any of the penicillins is a contra- 

indication, 


Warnings 

Serious and occasionally fatal hypersensitivity (anaphylactoid) re- 
actions have been reported in patientson penicillin therapy. Although 
anaphylaxis is more frequent following parenteral therapy is has 
occurred in patients on oral penicillins. These reactions are more 
apt to occur in individuals with a history of sensitivity to multiple 
allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hyper- 
sensitivity reactions when treated with a cephalosporin. Before ther- 
apy with a penicillin, careful inquiry should be made concerning 
previous hypersensitivity reactions to penicillins, cephalosporins, 
and other allergens. If an allergic reaction occurs, appropriate ther- 
apy should be instituted, and discontinuation of nafcillin therapy 
considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 


Precautions 

As with any potent drug, periodic assessment of organ system 
functior, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possiblity of thrombophlebitis. 


Adverse Reactions 

Reactons to sodium nafcillin have been infrequent and mild in 
nature. As with other penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in 
severe irfections. The patient should be placed on oral therapy with 
this product as soon as the clinical condition warrants. TIntravenous 
Route: |f given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 5% dextrose in 0.4% NaCl 
solution, Ringer's solution or M/6 sodium lactate solution (conc. of 
30 mg./ml.). Discard any unused portions of I.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 to 30 mg./ml. The drug concentrate and the rate and 
volume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular route: After reconstitution, keep under refrigera- 
tion and use within 48 hours. The clear solution should be adminis- 
tered by deep intragluteal injection immediately after reconstitution. 


Oral Administration 
Beta-hemolytic streptococcal infections should be treated for at 
least 10 days to prevent development of acute rheumatic fever or 
glomerulonephritis. 
If oral therapy is inadequate, resort to parenteral sodium nafcillin. 
After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied 

INJECTION— Vials of 500 mg., 1 and 2 Gm. Each cc. after recon- 
stitution contains 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Also available— CAPSULES—containing sodium nafcillin, 
as the monohydrate, equivalent to 250 mg. nafcillin buffered with 
calcium carbonate in bottles of 24 and REDIPAK® (strip pack) 
Wyeth, boxes of 25. FOR ORAL SOLUTION— Combination pkg. of 
vial of dry sodium nafcillin as monohydrate and bottle of diluent— 
provides 80 cc. of solution containing equivalent of 250 mg. nafcillin 
per 5 cc. Alcohol 2%. 


Wyeth Laboratories Philadelphia, Pa. 
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Hemorrhoids 


Mr. H.H.,55, high steel construction worker. For several years, other medications 
provided little or no relief from pain, burning, and itching of internal 

and external hemorrhoids. Made worse by much heavy lifting which increased 
pressure in the intrahemorrhoidal plexus. "It wasn't serious enough." 

so he procrastinated in consulting a doctor. Was also afraid the doctor 

might find something really serious. Bright blood appearing 

in the toilet bowl and on toilet tissue scared him into seeing doctor. However, 
careful history and examination disclosed internal hemorrhoids. 





Each suppository contains hydrocortisone 
acetate 10 mg, bismuth subgallate 2.25%, 
bismuth resorcin compound 1.75%, benzyl 
benzoate 1.2%, Peruvian balsam 1.896, zinc 
oxide 11.0%, and boric acid 5.096, plus the 
following inactive ingredients: bismuth 
subiodide, calcium phosphate, and color- 
ing in a bland hydrogenated vegetable 
oil base. 

Precaution Prolonged or excessive use of 


Anusol-HC might produce systemic cortico- 


steroid effects. Symptomatic relief should 
not delay definitive diagnosis or treatment. 
Dosage and Administration Anusol-HC: 
One suppository in the morning and one at 
bedtime for 3 to 6 days or until the inflam- 
mation subsides. Regular Anusol: One 


suppository in the morning, one at bedtime, 


and one immediately following each 
evacuation, 


atypical 
proctological 


patient 


to help relieve the pain, 


EE itching, burning 
—— associated with this 


and similar anorectal 
conditions 


prescribe 


nusol- 


® 

hemorrhoidal 
suppositories 
with hydrocortisone 
acetate 


And for long-term 

patient comfort...recommend 
Anusol’ hemomhoidal 
suppositories. 

Each suppository contains 

the ingredients of 

Anusol-HC without the 
hydrocortisone. 


Warner-Chilcott 


Division, Wamer-Lambert Company 
Morris Plains, New Jersey 07950 
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Yy 
ou “There should be a law against 
four-hour procedures...and patients who are 


orid 60 pounds overweight...but her vital signs 
are steady, so she should be all right? 








Part of 
Your World 





before surgery 


calms rapidly; quickly readies patients for 
smooth induction of anesthesia 


gently allays anxiety to permit sound sleep 
the night before surgery 


physically compatible with most preanesthetic 
medications 


narcotic requirements are often reduced 
up to 50 per cent 


during surgery 


seldom impairs vital signs—respiratory 
depression and hypotension are rare 


not known to aggravate or 
obscure incipient shock 


does not cause CNS cortical depression 


after surgery 


effectively controls postoperative nausea 
and vomiting 


sedative hangover is not characteristic, although 
occasional drowsiness has been reported 


oral forms available for postoperative care, 
during recovery in hospital, and at home 





GED LABORATORIES DIVISION 
PFIZER INC. NEW YORK, N Y 10017 


Please turn page for Brief Summary including adverse 
reactions, contraindications and precautions. 








\istaril - 


HYDROXYZINE HCI 


Intramuscular Solution 


the most widely used 
parenteral calming agent 


BRIEF SUMMARY 
Contraindications: Hypersensitivity to hydroxyzine. The 
solution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 
Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit induced fetal abnormalities in 
the rat at doses substantially above the human thera- 
peutic range. Clinical data in human beings are in- 
adequate. Until adequcte data are available to 
establish safety in early pregnancy, hydroxyzine is con- 
traindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION 
OF CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS 
NARCOTICS AND BARBITURATES. In conjunctive use, 
dosage for these drugs should be decreased as much 
as 50%. Because drowsiness may occur, patients should 
be cautioned against driving a car or operating dan- 
gerous machinery. The usual precautions for intramus- 
cular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has 
been used. Hydroxyzine intramuscular solution should 
be injected well within the body of a relatively large 
muscle. In adults, the preferred sites are the upper outer 
quadrant of the buttock (i.e., gluteus maximus), or the 
mid-lateral thigh. In children, preferably the mid-lateral 
muscle of the thigh. In infants and small children, the 
upper outer quadrant of the gluteal region should only 
be used when necessary, as in burn patients, in order 


to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well 
developed, such as in certain adults and older 
children, and only with caution to avoid radial nerve 
injury. Injections should not be made in the lower and 
middle thirds of the upper arm. Aspiration is neces- 
sary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is 
usually transitory and may disappear in a few days of 
continued therapy or upon dosage reduction. Dryness 
of the mouth may occur with higher doses. Involuntary 
motor activity, including rare instances of tremor and 
convulsions, has been reported, usually with higher 
than recommended dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: 
Equivalent to 25 mg., 50 mg., 100 mg. hydroxyzine HCI. 
Vistaril (hydroxyzine pamoate) Oral Suspension: Equiv- 
alent to 25 mg. hydroxyzine HCI per 5 cc. teaspoonful. 
Vistaril (hydroxyzine HCl) Intramuscular Solution: 
25 mg./cc.—40 cc. vial; 50 mg./cc.—2 cc. and 10 cc. 
vial; Isoject* 25 and 50 mg. per cc., 1 cc. per unit; 100 
mg./2 cc. unit. 

More detailed professional information available on 





request. 


Revised January, 1970 


Pfizer LABORATORIES DIVISION 
PFIZER INÇ.. NEW YORK, N.Y. 10017 
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against G.U. infection 


Macrodantin (nitrofurantoin macrocrystals) 
is Kind (to your patients) 


Keeps your treatment where 
the problem is...avoids the 
problems of overtreatment 


ll Antibacterial action confined to one tract only... 


the urinary tract 


E High urinary and presumably renal medullary 


levels 


ll Does not suppress normal bacterial flora else- 
where in the body*t...does not foster resistant flora 
in the bowel which may cycle reinfection 


Unique macrocrystals 


improve gastrointestinal tolerance 


MACRODANTIN® (nitrofurantoin macrocrystals) Prescribing Information. 


Macrodantin  (nitrofurantoin 
is indicated for the treatment 


INDICATIONS: 
mocrocrystals) 
of pyelonephritis, pyelitis and cystitis due to 


E. coli, enterococci, Staph. aureus or a small 
percentage of strains of Pseudomonas, when 
demonstrated to be susceptible by in vitro 


susceptibility testing. Also for treatment of. 
M 7 4 


such infections when due to some susceptible 
strains of Klebsiella-Aerobacter and Proteus. 
Itisnot indicated for the treatment of associated 


renal cortical or perinephric abscesses, sys- 
temic infections or prostatitis, or in any geni- 
tourinary tract infections other than pye- 


lonephritis, pyelitis and cystitis. 

CONTRAINDICATIONS: Anuria, oliguria or 
extensive impairment of renal function is a 
contraindication. The drug is contraindicated 
for infants under one month and in pregnant 


patients at term. The drug should not be admin- 
istered to persons who hcve shown hyper- 
sensitivity to nitrofurantoin. 

WARNINGS: Macrodantin may cause hemolytic 
anemia of the primaquine sensitivity type, ap- 
parently linked to a glucose-5-phosphate dehy- 
drogenose deficiency. This deficiency is found 
in 10 per cent of Negroes and in a small per- 
centage of ethnic groups of Mediterranean ond 
Near-Eastern origin. Such patients should be 
observed closely while receiving nitrofurantoin. 
Discontinue the drug at any sign of hemolysis. 
Hemolysis ceases on withdrawal. Superinfec- 
tions may occur, most commonly due to Pseudo- 
monas 

USAGE IN PREGNANCY: THE SAFETY OF NITRO- 
FURANTOIN DURING PREGNANCY AND LAC- 
TATION HAS NOT BEEN ESTABLISHED. IT 





SHOULD NOT BE USED IN WOMEN OF CHI 
BEARING POTENTIAL UNLESS THE EXPECT 
BENEFITS OUTWEIGH THE POSSIBLE HAZARI 
PRECAUTIONS: Peripheral neuropathy m 
occur. A fatality has been reported. Pre 
posing conditions such as renal impairme 
anemia, diabetes, electrolyte imbalan 
vitamin B deficiency and debilitating disec 
may enhance such occurrence. 

ADVERSE REACTIONS: Nausea, emesis and 
arrhea may occur; reduction in dosage m 
alleviate these symptoms. Sensitization appe 
ing as cutaneous eruptions or pruritus h 
occurred. Hypersensitivity reactions resulti 
in nonfatal anaphylaxis, angioedema, pull 
nary infiltration with pleural effusion a 
eosinophilia have been reported. Other possi 
reactions ore chills, fever, jaundice, asthma 








Ist 2nd 3rd Ath 
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1965 1966 1968 1969 
E.coli 


95.4 91.1 94.4% 95.5 
Aerobacter 78.5 79.3 78.2 83.0 
Klebsiella- 

Aerobacter 79.7 82.4 82.2 ia 
Klebsiella 83.3 69.0 57.8 73.4 
Proteus 54.4 56.9 41.4 46.9 


symptoms and hypotension. Occasionally head- 
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Nationwide 

hospital surveys 
through the years 
demonstrate in vitro 
susceptibilityt0 — 
nitrofurantoin remains 
virtually unchanged 
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ache, dizziness, nystagmus, vertigo, drowsiness, 


malaise and muscular aches have occurred 


Transient alopecia has been reported. Leuko- 


penia, including rater Slee has been 
reported rarely. The blood picture has returned 
to normal followit Ka cesso ation of therapy. As 
withother antimicrobial agents, superinfections 
by resistant organisms may occur. With 
Macrodantin, however, these are limited to the 
genitourinary tract because suppression 
of normal bacterial flora elsewhere in the body 
does not occur. 

DOSAGE: Adult: 50 to 100 mg. four times a day 
Children: Should be calculated on the basis 
of 5 to 7 milligrams per kilogram (2.2 to 3.2 mg 
per |b.) of body weight per 24 hours, to be 


given in divided doses four times a day (con- 


SUPPLIED: Macrodantin (nitrofurantoin mac- 
rocrystals) Capsules of 25 mg., 50 mg., and 
100 mg. 

EATON PRODUCT CODE—For easy product 
identification and verification — Macrodantin 
Capsules 25 mg. (007), 50 mg. (F03), 100 mg 
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antibacterial —- 
Macrodantin 


(F04) Capsules 100 mg /50 mg/25 mg 


Pyelonephritis, pyelitis or cystitis due to sus- 
ceptible organisms. See prescribing informo- 
tion for odditional information concerning 
susceptible organisms, possible side 
adverse reactions and precautions. 


effects, 


tAs with other antibacterials, superinfections 
may occur, but with Macrodantin th 
limited to the urinary tract. Pseudomonas is 
the organism most commonly implicated. 


ese ore 


N LABORATORIES 
of The Norwich Phorm 
NORWICH, NEW YORK 13815 
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its past gives you 
confidence in its future 


nd Developers of The Nitrofur 


cal Compony 


Librium 
(chlordiazepoxide HCI) 


It helped prepare 50 highly anxious patient: 
for cardiac surgery. 





Cardiac surgery afforded an excel- 
lent test of Librium (chlordiazepoxide 
HCl) as preoperative antianxiety 
medication to help patients enter sur- 
gery with greater calmness and with- 
out evidence of cardiovascular or 
respiratory depression. 

In a recent double-blind study,* 50 
anxious patients were given a 10-mg 
capsule of Librium and 50 patients re- 
ceived a placebo on a t.i.d. schedule, 
one day preoperatively and on the 
day of cardiac surgery. All patients 
were given 100 mg of Librium or pla- 
cebo, plus 0.4 mg scopolamine, I.M., 
60 to 90 minutes before operation. 

Clinical and psychologic tests 
showed that the Librium-treated 
group entered the operating room 
significantly lower in manifest anx- 
iety than the placebo group, with no 
evidence of respiratory depression, 
hypertension, hypotension, nausea 
or emesis. 

In general use, the most common 
side effects reported have been 
drowsiness, ataxia and con- 

fusion, particularly in the elderly 

and debilitated. Librium 

is available as 5-mg 
and 10-mg capsules, 
and 100-mg ampuls 
for reduction of 
preoperative 

K.— anxiety. On days 
wy’ preceding surgery 
the recommended 
dose is 5to10 mg p.o., 
t.i.d. or q.i.d.; if used as 
preoperative medication, 

50 to 100 mg I.M. one 
hour prior to surgery. 


“Gibbs, L.; Svigals, R. E., and Riklan, M.: 
Anesth. Analg., 50:17, 1971. 

(A copy of this study is available on 
request from your Roche 
representative .) 









Before prescribing, please consult complete product infor- 
mation, a summary of which follows: 


Indications: Indicated when anxiety, tension and appre- 
hension are significant components of the clinical profile. 


Contraindications: Patients with known hypersensitivity 
to the drug. 


Warnings: Caution patients about possible combined 
effects with alcohol and other CNS depressants. As with 
all CNS-acting drugs, caution patients against hazardous 
occupations requiring complete mental alertness (e.g., 
operating machinery, driving). Though physical and 
psychological dependence have rarely been reported on 
recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase 
dosage; withdrawal symptoms (including convulsions), 
following discontinuation of the drug and similar to those 
seen with barbiturates, have been reported. Use of any 
drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against 
its possible hazards. 


Precautions: ORAL: In the elderly and debilitated and in 
children over six, limit to smallest effective dosage (ini- 
tially 10 mg or less per day) to preclude ataxia or overseda- 
tion, increasing gradually as needed and tolerated. Not 
recommended in children under six. 

INJECTABLE: Keep patients under observation, preferably 
in bed, up to three hours after initial injection; forbid 
ambulatory patients to operate vehicle following injection; 
do not administer to patients in shock or comatose states; 
use reduced dosage (usually 25 to 50 mg) for the elderly or 
debilitated and for children age twelve or older. 

ORAL AND INJECTABLE: Though generally not recom- 
mended, if combination therapy with other psychotropics 
seems indicated, carefully consider individual pharma- 
cologic effects, particularly in use of potentiating com- 
pounds such as MAO inhibitors and phenothiazines. 
Observe usual precautions in presence of impaired renal 
or hepatic function. Paradoxical reactions (e.g., excitement, 
stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ 
usual precautions in treatment of anxiety states with 
evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. 
Variable effects on blood coagulation have been reported 
very rarely in patients receiving the drug and oral anti- 
coagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may 
occur, especially in the elderly and debilitated. These 

are reversible in most instances by proper dosage adjust- 
ment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been 
reported. Also encountered are isolated instances of skin 
eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased 
and decreased libido— all infrequent and generally con- 
trolled with dosage reduction; changes in EEG pattems 
(low-voltage fast activity) may appear during and after 
treatment; blood dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been reported 
occasionally, making periodic blood counts and liver 
function tests advisable during protracted therapy. 

With the injectable form, isolated instances of hypoten- 
sion, tachycardia and blurred vision have been reported; 
also hypotension associated with spinal anesthesia, and 
pain following I.M. injection. 

Supplied: Librium capsules containing 5 mg, 10 mg or 

25 mg chlordiazepoxide HCI; 5-ml ampuls containing 

100 mg chlordiazepoxide HCI; Libritabs* tablets con- 
taining 5 mg, 10 mg or 25 mg chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 


SIMPLICITY, EFFICACY, VERSATILITY ON THE SURGICAL SERVICE... 


he Kantrex'experic 
KANAMYCIN SULFATE 


take advantage of t 


Experience on the surgical 
servicein postoperative sepsis and 
Gram-negative pneumonias has led 
many clinicians to consider Kantrex 
(kanamycin sulfate) a drug of 
choice in susceptible Gram-nega- 
tive infections with or without 
shock or septicemia ! 3(Pseudo- 
monas are resistant). In the pres- 
ence of endotoxic shock?? and to 
prevent progression of sepsis to 
shock, prompt use of Kantrex is 
recommended —often before ob- 
taining susceptibility test results. 


Eleven years of efficacy in 
susceptible infections at many 
sites, in almost any type of patient, 
comprise the Kantrex experience. 
Kantrex coverage includes most 
Gram-negative bacilli and most 
staphylococci (Pseudomonas are 
resistant). Rapid absorption and dif- 
fusion of Kantrex to sites through- 
out the body should provide prompt 
therapeutic response in 24-48 
hours. If no responseoccurs within 
3-5 days, stop therapy and recheck 
bacterial susceptibilities. 





One simple standard 
dose forany patientis another 
of the Kantrex experience. It rr 
you can prescribe Kantrex a 
mg./Kg., I.M., q. 12 h., in pat 
with normal renal function. A 
reduce the risk of oto- and ne 
toxicity in patients with imp 
renal function, the same dos 
plies while the time interve 
tween doses increases. Simp 
low the "creatinine x 9" forn 

*For example: If routine serum creatinine m 


ment is 6 mg./100 ml., multiply by 9; the 
between Kantrex doses is 54 hours. 





Low toxic potentiaty 
this simple regimen reflects 
Kantrex experience in postsurgical 
infections. However, because the 
risk of ototoxicity does exist, daily 
Kantrex dose should not exceed 
1.5 Gm., and total therapy should 
not surpass 15 Gm. or 15 days. 





BRIEF SUMMARY OF PRESCRIBING INFORMATION 
(9) 7/27/71 

For complete information, consult Official Package 
Circular. 


Warning. The major toxic effect of parenterally 
administered kanamycin sulfate is its action on 
the auditory portion of the eighth nerve. High 
frequency deafness usually occurs first and can 
be detected by audiometric testing. Tinnitus or 
vertigo may occur and are evidence of vestibular 
injury and impending bilateral, irreversible deaf- 
ness. In such cases. decrease size and frequency 
of doses. Discontinue kanamycin and check hear- 
ing if azotemia increases. Watch carefully for oto- 
toxicity in older patients and patients receiving 
more than 15 Gm. of kanamycin. To avoid neuro- 
muscular paralysis with respiratory depression, 
postpone intraperitoneal instillation in postoper- 
ative patierts until recovery from anesthesia and 
muscle relaxants is complete. Avoid concurrent 
| use of other ototoxic drugs including ethacrynic 
acid and furosemide. Safety in pregnancy is not 
established 











E 
Indications Serious infections due to susceptible strains 
ot E. coli, Proteussp., Enterobacter aerogenes, K. pneu- 
moniae, Serratia marcescens and Mima-Herellea. Cul- 
ture and sensitivity studies should be performed 
Contraindications: A history of hypersensitivity to the 
drug. Prior auditory damage by kanamycin or other 
agents may be a contraindication if effective. alterna- 
tive therapy is available. 

Precautions: Obtain audiograms before and during 
therapy in patients with renal dysfunction when treat- 
ment lasts more than 5 days. Stop Kantrex if tinnitus 
or hearing loss occurs. Hydrate patients to prevent 
chemical irritation of the renal tubules. Assess renal 
function periodically, both before and during therapy 
If signs of renal irritation occur (casts, cells, protein- 
uria) increase nydration and reduce the dosage or the 
frequency of dosage if necessary. In azotemic patients, 
the frequency (in hours) of doses may be obtained by 
multiplying the serum creatinine by 9. If azotemia or 
oliguria occur, discontinue therapy. Mycotic or bacte- 
rial superinfection may occur 

Adverse Reactions: Irritation or pain at the injection 
site, skin rash, drug fever, headache and paresthesias. 
Dosage and Administration: The usual dose is 7.5 mg./ 
Kg./ 12 hours I.M. The average dose is 1 Gm. daily for 
adults and children. The maximum total daily adult dose 
should not exceed 1.5 Gm. by all routes of administra- 
tion. Uncomplicated infections due to sensitive orga- 
nisms should respond in 24 to 48 hours. If no response 
occurs in 3 to 5 days, stop therapy and recheck the 
bacterial sensitivities. Hydrate patients well to mini 
mize renal irritation. Inject deeply into the upper outer 
quadrant of the gluteal muscle. Discard partially used 
vials after 48 hours. The drug should not be physically 
mixed with other antimicrobials. 

Supplied: Rubber capped vials as a ready-to-use sterile 
aqueous solution in two concentrations; 0.5 Gm. in 
2 ml., 1.0 Gm. in 3 ml. Also available—Pediatric In- 
jection 75 mg. in 2 ml. A H F.S. Category 8:12.28 








References’ 1. Murdoch, J. McC., etal.: Ann. New York 
Acad. Sc. 732:842 (June 14) 1966. 2. Rutenburg, 
A. M.: /bid., p. 824. 3. Foster, F. P.: M. Clin. North 
America 53:437 (March) 1969. 


Kantrex 
KANAMYCIN SULFATE 


Injection 






BRISTOL LABORATORIES 
BRISTOL Division of Bristol-Myers Company 
J Syracuse, New York 13201 
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protein standard. 
FREAMINE® 


50% Dextrose in Distilled Water; 


Sensitive Label; Directions for Use 
and Mixing. 


Parenteral Hyperalimentation Kit: 
500 ml of 8.5% FreAmine, 500 ml— 


Transfer Set; Additive Cap; Pressure 


4HeAmine 


amino acid mixture 


A concentrated source of 8 essential and 7 
nonessential pure crystalline amino acids with a 
formula based on Rose's recommended daily 
allowances of essential amino acids, and the hen's 
egg, the World Health Organization's 


= 


McGAW LABORATORIES 


Division of American Hospital 
Supply Corporation 
Glendale, California. 
Milledgeville, Georgia. 








I llustrated Manual 
of Laboratory Diagnosis 


Indications and Interpretations 
By R. Douglas Collins, M.D. 


Oriented toward the clinician, this book 
graphically depicts the clinical interpre- 
tation of laboratory tests. With emphasis 
on simplicity and practicality, 195 full- 
color plates are utilized to portray nor- 
mal and abnormal physiological condi- 
tions in some 20 categories of disorders. 
Laboratory tests are also helpfully in- 
dexed according to leading symptoms 
and suspected diseases. 


cc 
HJ 


. comprehensive, informative, and 
colorful."—&Archives of Internal Medi- 
cine. 


300 Pages * 206 Illus., 195 in Color * 1968 * $22.50 


-——--------------4 









J. B. LIPPINCOTT COMPANY 
East Washington Square, Phila., Pa. 19105 
Please send me: 

Illustrated Manual of 

Laboratory Diagnosis ......... $22.50 
C] Payment Enclosed ( ] Charge and Bill me 
Name 
Address — 

Zip 
AS 4/72 


Lippincott 
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s100d replacemen 
in surgery? 


When surgical blood loss requires replacement therapy, the treatment of choice 
might be packed red blood cells. Volume for volume, packed red blood cells provide 
approximately twice the oxygen carrying capacity of whole blood. Also, when 
packed red blood cells are your choice of therapy, the threat of transfusion reactions 
is lessened. ' 

Other important facts on the advantages of packed red blood cell therapy are 
available from your blood bank physician. Consult him for the facts. 


SK FENWAL LABORATORIES 


Morton Grove, Illinois 60053 


Fenwal...innovators of the BLOOD-PACK® Unit system for component therapy. 


Physician's Handbook of Biood Component Therapy 
(American Association of Blood Banks) First Edition, 1969 








research and development |i 
at Parke-Davis. A continu- 
ing program that has 

made KETALAR anesthesia 
a reality. 


In high-risk surgery, 
an added measure 
of safety 


KETALAR lessens surgical risk | - 
for many emergency and 
^poor-risk" patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- 
tective laryngeal-pharyngeal 
reflexes intact. Airway pa- 
tency can usually be main- 
tained without intubation. | 


Ketalar 
(Ketamine HCI) 
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One year of nationwide mers 
clinical use; one decade of || 9 M T7 
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In routine induction, 
a smooth, 
uncomplicated start 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or LV. which 
greatly simplifies the proce- 
dure for children and adults 
alike. KETALAR is also clini- 
cally compatible with com- 
monly used general anes- 


pj thetics, pre- and postanes- 


thetic medications, includ- 
ing anticholinergics, muscle 
relaxants, and tranquilizers. 


In short pr ocedur eS, absence of tachyphylaxis 


more problems and rr — 
tion Is a detinite plus in re- 
solved, fewer petitive procedures. Grow- 
created ing experience with 
KETALAR, as sole agent KETALAR shows that emer- 


simplifies and improves an- |Bence reactions can be ef- 
esthesia in a host of “prob- fectively reduced by allow- 
lem procedures." It has Ing patients to awaken 
proven to be especially valu- [naturally with minimal ver- 
able in the management of [bal or tactile stimulation, 
severe burn patients, and its |and, where indicated, by 
rapid and profound anal- employing agents such as 
gesic effect provides a major droperidol or diazepam. 


advantage in numerous 


painful diagnostic tests and In pediatr ICS, anew 
short surgical procedures — era in anesthesia 
not requiring skeletal mus- 
cle relaxation. The virtual — |KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 
first time — efficient general 
anesthesia by intramuscular 
injection. In terms of both 
" gam, efficacy and convenience, 
Bi the clinical experience with 
«d KETALAR may qualify it in 
* 4 * many instances as the agent 
IN. of choice for pediatric 
- |anesthesia. 

€ | KETALAR UPDATE: 
Ji. | Now indicated for use in 
| |cardiac catheterization. 
' |Now available in new 
100 mg./ml., 5 ml. vials 
for IM use. 


advancement in 
anesthesiology 











See next page for prescribing information. 


Ketalar 
(Ketamine HCI) 
Parke-Davis 


advancement in 


KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 

THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 
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sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanica! support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospina! fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred, 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 

Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. |t also may cause a slight 
elevatiom in intraocular pressure measurement. 
Psychologica!: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each via! is supplied individually and in cartons of 10. 
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Description: Keflin® (sodium cepha- 
lothin, Lilly) is a semisynthetic cepha- 
losporin antibiotic for parenteral use. 
It is the sodium salt of 7-(thiophene- 
2-acetamido) cephalosporanic acid. 
The sodium content is 55 mg. per Gm. 
of cephalothin. 

Actions: The bactericidal action of 
cephalothin results from inhibition of 
cell-wall synthesis. In-vitro and in-vivo 
activity. has been demonstrated 
against strains of the following micro- 
organisms: 

Staphylococcus aureus (penicillin- 
sensitive and penicillinase-pro- 
ducing) 

Beta-hemolytic and other strepto- 
cocci (many strains of entero- 
cocci, e.g., Streptococcus fae- 
calis, are relatively resistant) 

Pneumococci 

Clostridia 

Hemophilus influenzae 

Neisseria gonorrhoeae 

Escherichia coli and other coliform 
bacteria 

Klebsiella-Aerobacter sp. 

Proteus i 

Salmonella sp. 

Shigella sp. 

Indications: Keflin is indicated in the 
treatment of serious infections of the 
respiratory tract, genito-urinary tract, 
soft tissue and skin, gastro-intestinal 
tract, bones and joints, bloodstream, 
and cardiovascular system due to sus- 
ceptible organisms. Also, it has been 
effective in cases of peritonitis, septic 
abortion, and staphylococcus and 
pneumococcus meningitis. Effective- 
ness has not been established in other 
types of meningeal infection. 
Appropriate culture and susceptibility 
studies should be performed to deter- 
mine susceptibility of the causative 
organism to Keflin. 

Contraindication: Keflin is contraindi- 
cated in persons who have shown hy- 
persensitivity to cephalosporin anti- 
biotics. 

Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANA- 
PHYLAXIS, HAVE BEEN REPORTED. 

Any patient who has demonstrated 
some form of allergy, particularly to 
drugs, should receive antibiotics cau- 
tiously and then only when absolutely 
necessary. No exception should be 
made with regard to Keflin. 

Usage in Pregnancy—Safety of this 
product for use during pregnancy has 
not been established. 
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Precautions: Patients should be fol- 
lowed carefully so that any side- 
effects or unusual manifestations of 
drug idiosyncrasy may be detected. If 
an allergic reaction to Keflin® (sodium 
cephalothin, Lilly) occurs, the drug 
should be discontinued and the pa- 
tient treated with the usual agents 
(e.g., epinephrine, antihistamines, 
pressor amines, or corticosteroids). 
When Keflin is administered to pa- 
tients with transient or persistent re- 
duction of urinary output due to im- 
paired renal function, the total daily 
dose should be reduced. Careful clini- 
cal observation and laboratory studies 
should be made, because higher and 
more prolonged systemic antibiotic 
concentrations can occur (see Admin- 
istration and Dosage below). 

When intravenous doses of cephalo- 
thin larger than 6 Gm. daily are given 
by infusion for periods longer than 
three days, they may be associated 
with thrombophlebitis, and the veins 
may have to be alternated. The addi- 
tion of 10 to 25 mg. of hydrocortisone 
to intravenous solutions containing 4 
to 6 Gm. of cephalothin may reduce 
the incidence of thrombophlebitis. 
The use of small IV. needles in thelarg- 
er available veins may be preferred. 
Prolonged use of Keflin may result in 
the overgrowth of nonsusceptible or- 
ganisms. Constant observation of the 
patient is essential. If superinfection 
occurs during therapy, appropriate 
measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's 
or Fehling's solution or with Clinitest® 
tablets but not with Tes-Tape? (urine 
sugar analysis paper, Lilly). 

Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reac- 
tions resembling serum sickness, and 
anaphylaxis have been reported. 
Eosinophilia and drug fever have been 
reported as associated with other al- 
lergic reactions. These reactions are 
most likely to occur in patients with a 
history of allergy, particularly to 
penicillin. 

Blood—Neutropenia and hemolytic 
anemia have been reported. Some in- 
dividuals, particularly those with azo- 





temia, have developed positive direct 
Coombs tests during cephalothin 
therapy. 

Liver—Transient rise in SGOT has 
been reported. 

Kidney—Rise in BUN has been ob- 
served; however, some patients with 
elevated BUN at the beginning of 
cephalothin therapy have had values 
return to normal during therapy. 
Local Reactions—Pain, induration, 
tenderness, and elevation of tempera- 
ture have been reported following re- 
peated intramuscular injections. 
Thrombophlebitis has occurred and is 
usually associated with daily doses of 
over 6 Gm. given by infusion for more 
than three days. 

Administration and Dosage: /n adults, 
the usual dosage range is 500 mg. 
to 1 Gm. of cephalothin every four to 
six hours. A dosage of 500 mg. every 
Six hours is adequate in uncompli- 
cated pneumonia, furunculosis with 
cellulitis, and most urinary tract in- 
fections. In severe infections, this may 
be increased by giving the injections 
every four hours or, when the desired 
response is not obtained, by raising 
the dose to 1 Gm. In life-threatening 
infections, doses up to 2 Gm. every 
four hours may be required. 

In infants and children, the dosage 
should be proportionately less in ac- 
cordance with age, weight, and sever- 
ity of infection. Daily administration 
of 50 mg. per Kg. (40 to 80 mg. per 
Kg. or 20 to 40 mg. per pound) in di- 
videc doses has been found effective 
for most infections susceptible to 
Keflin. 

For additional information regarding 
dosage and administration, see pack- 
age literature. 

How Supplied: Ampoules Keflin® (Ster- 
ile Sodium Cephalothin, U.S.P.), 
equivalent to 1 Gm. cephalothin, 10- 
ml. size, rubber-stoppered; equivalent 
to 2 Gm. cephalothin, 100-ml. size, 
rubber-stoppered; equivalent to 4 Gm. 
cephalothin, 50-ml. size, rubber- 
stoppered. 


[031971] 


A time for 
Keflin I.V. 
sodium cephalothin 


Additional information available to the 
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A Proposed Method to Interrupt Gastrointestinal Bleeding: 
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SOME of our previous work has been prior to pancreatectomy, and after pan- 
directed toward the role of the liver in the —— createctomy is shown in F igure l. Notice 
metabolic destruction of hormones. The the return toward normal after pancreatic 
liver metabolizes a host of diverse chemical ^ vein shunt. 
compounds including hormones. Insulin is In another experiment, dogs were made 
especially exposed to chemical destruction hypertensive by placing Goldblatt clamps 
in the liver; since it is secreted directly into on the renal artery which caused the kidney 
the portal system. Fifty per cent of insulin to secrete excessive amounts of renin. The 
is inactivated before it ever reaches target hypertensive dogs were restored to normo- 
cells elsewhere in the body. Insulin defi- tension by surgically diverting the venous 


ciency diabetes was produced in dogs by blood from both kidneys into the portal 
subtotal pancreatectomy. After diabetes was circulation (Fig. 2). The renal vein blood 


established, the blood from the pancreatic then traversed the liver before reaching the 








remnant was shunted directly into the sys- systemic circulation, and the liver inac- 
temic circulation thus bypassing the liver. tivated the pressor hormones. These hy- 
As a consequence, the primary liver destruc- pertension studies were further expanded 
tion was avoided and diabetes was allevi- by experiments on humans in whom um- 
ated.* The glucose tolerance curve on dogs bilical veins were opened for direct access 

Submitted for publication March 16, 1971. to the portal system * (Fig. 3). When 

Presented at a combined meeting of the New pressor hormones, such as angiotensin, were 


York Surgical Society and the Philadelphia Sur- 
gical Society, March 10, 1971. sits 
* Resident Surgeons the umbilical vein, three times as much 


infused directly into the portal system via 


** Medical Students. was necessary to produce a comparable hy- 
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MINUTES AFTER GLUCOSE 


e— Fosting specimen 


Fic. 1. The blood glucose tolerance test is 
shown in a dog before and after pancreatectomy. 
The diabetic type of curve is restored toward nor- 
mality after a pancreatico-systemic shunt. 


pertension. Low doses of angiotensin which 
sustained hypertension when injected sys- 
temically were without effect when injected 
intraperitonally (Fig. 4). 

It was believed that injection of vaso- 
pressor material directly into the peritoneal 
cavity might not elicit a pressor response if 
the vasopressor were absorbed into the por- 
tal system. Vasoconstriction might slow ab- 
sorption so that complete destruction might 
occur before the vasopressor reached the 
systemic circulation. Intraperitoneal vaso- 
pressor material might yet constrict the 
blood vessels in the stomach, colon and 
small bowel sufficiently to arrest bleeding. 
This study was undertaken to evaluate fully 
this concept. 


Experimental Procedures 


A suitable vasoconstrictor must be read- 
ily destroyed and have no activity other 
than vasoconstriction. Levarterenol (LA) 
(Levophed) was chosen since it is a pure 
alpha cell stimulator. Our past studies 
showed it had no effect on the heart and 
did not cause the release of glucose from 
the liver.2 The effect of LA on splanchnic 
inflow and portal hemodynamics was in- 
vestigated in humans in whom the umbilical 
veins had been reopened and cannulated 
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for other reasons. LA was injected into the 
portal vein via the umbilical or into the 
peritoneal cavity while measuring changes 
in such modalities as blood pressure, portal 
vein pressure, portal vein lactate concentra- 
tion. In addition, portal vein pressure and 
flow was investigated in dogs. 
Exsanguinating gastric bleeding was pro- 
duced in dogs by surgically excising a patch 
of gastric mucosa. Under general anesthesia 
the animals underwent anterior gastrostomy. 
A 5 cm. rounded piece of mucosa was ex- 
cised from the lesser curvature through the 
gastrostomy opening. Animals were given 
heparin to insure continued bleeding. A 
gastrostomy cannula was inserted for irriga- 
tion and for the exit of blood and ingested 





Fic. 2. After production of Goldblatt hyper- 
tension in the dog, normotension is restored by 
diverting the renal venous flow into the portal 
system. There is a primary destruction of pressor 
hormones by the liver. 
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saline. The pylorus was ligated to create a 
situation similar to that constructed in the 
Shay rat. Since absorption of fluid from the 
small bowel is prevented, continued thirst 
of the animals is insured and the animals 
drink continuously in the postoperative pe- 
riod. A photograph shows the gastric can- 
nula being used for irrigation (Fig. 5). 
Since the LA is placed in the drinking 
water in the intragastric therapy group, 
the ligation of the pylorus is essential. LA 
solution was prepared so that it contained 
16 mg. in 500 cc. of solution. Approximately 
1,000 cc. of solution was used for each ani- 
mal receiving intragastric LA. These ani- 
mals were also irrigated every hour through 
the gastrostomy tube with 100 cc. of solu- 
tion which was retained for an interval. 
They were subsequently allowed to take 
fluid during the night. The animals which 
were treated with intraperitoneal LA were 
given 100 cc. of LA in a single intraperi- 
toneal dose containing 16 mg./1,000 cc. 
It was later removed by suction. Only a 
small residue remained in the peritoneal 
cavity. The instillation was not repeated. 
Dogs alive after 24 hours were considered 
survivors. 
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Fic. 3. The sagittal section of the human body 
shows umbilical vein drawn from wound above 
umbilicus and olive type dilator passing through 
the vein into the left portal vein. 


Intraperitoneal LA was utilized as a 
method of reduction of operative blood 
loss. Intraperitoneal LA was also used in 
surgical treatment of patients to minimize 
blood loss. 
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Results of Experimental Studies 


The intraportal administration of LA was 
contrasted with svstemic administration in 
five patients. A characteristic response is 
shown in Figure 6. Ninety-six micrograms 
of levarterenol per minute caused a sus- 
tained hypertension of 200/100. The portal 
vein pressure increased with the blood pres- 
sure. When a dose of this size was infused 
into the umbilical vein, the hypertension 
disappeared indicating that intraportal LA 
was without pressor effect. An increase in 
the dose from 96 to 226 yg./min still did 
not elicit pressor response. Notice also that 
the portal vein pressure fell to normal levels 
even though excessive quantities of LA 
reached the liver vasculature. This showed 
that vasoconstriction of the hepatic venous 
bed did not occur and that vascular resist- 
ance within the liver did not increase. Since 
the umbilical vein enters the left portal 
vein and since the volume infused into the 
portal vein was small, all of the LA must 
have been detoxified in the left lobe of the 
liver. The ability of the whole liver to 
detoxify LA must be well over 1 mg./min. 
Five other patients without hepatic disease 
or GI bleeding were given intraperitoneal 
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Fic. 5. Cannulated 
stomach showing lavage 
with levarterenol solution. 


LA in doses of 8 mg. in 250 cc. of saline. 
The podtal vein pressure, systemic blood 
pressure and lactic acid production were 
measured in each. In Figure 7, the systemic 
arterial pressure is seen to remain normal 
after a dose of 8 mg. of levoarterenol. The 
portal vein pressure rose and then fell. 
There is little reduction in the normal be- 
low the control level of venous pressure. 
Portal vein lactate does not increase. This 
confirms that intestinal hypoxia does not 
occur after intraperitoneal LA. Experiments 
in dogs (Fig. 8) illustrate the dramatic re- 
duction in portal venous flow which occurs. 
The portal vein flow was measured electro- 
magnetically. This reduction in portal in- 
flow must cause a drop in portal pressure 
in patients with portal hypertension. 

In control animals, 15 of 17 animals bled 
to death after surgical excision of a mucosal 
patch. When LA was substituted for saline, 
six of eight animals survived, and with the 
I.P. use of levarterenol, eight of nine ani- 
mals survived (Fig. 9). 

In a toxicity study the minimal letha 
dose of LA was found to be greater than 2« 
mg. which caused neither hypertension o! 
death. Doses of this size have not been usec 
in humans. 
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The measured operative blood loss was 
reduced by 90% in animals with such pro- 
cedures as excision of the pyloric mucosa. 
Human experience has been comparable. 
Lysis of adhesions and bleeding during sec- 
ondary operations in humans was arrested. 


Clinical Experience 


Intraperitoneal and/or intragastric levar- 
terenol has been used in 18 patients with 
severe upper gastrointestinal bleeding. In 
12 of 18 patients the bleeding was either 
arrested or was rendered insignificant. AI- 
though it was our intention to utilize this 
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Fic. 6. The blood pressure response and portal 
pressure response to systemic intravenous and in- 
traportal injection of levarterenol are shown. The 
injection was suddenly shiften from systemic ad- 
ministration to intraportal administration with a 
drop in blood pressure to normal range. 
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Fic. 7. Portal vein pressure and systemic ar- 
terial pressure was recorded after intraperitoneal in- 
stillation of 8 mg. of levarterenol. Notice that the 
portal vein pressure is not markedly reduced. 


therapy only for temporary hemostasis, five 
non-operative patients were too ill to un- 
dergo operation. Two of these patients later 
rebled, but, for the other three, the therapy 
was life saving. Bleeding was arrested in 
three cirrhotic patients, two of whom were 
jaundiced, rebled and died at a later date. 
One cirrhotic patient who stopped bleeding 
and was later operated upon for esophageal 
varices, died in hepatic coma after opera- 
tion. Other patients in whom bleeding was 
arrested were operated upon at a later time. 
A representative case history is given. 


Case Report 


R. L. a 32-year-old obese taxi driver was ad- 
mitted with thrombophlebitis and massive pul- 
monary embolus. He rapidly became febrile with 
temperatures up to 105 which did not respond to 
antibiotic agents. A lung abscess subsequently de- 
veloped and the patient remained desperately ill 
for several weeks with Po. remaining extremely 
low even when 100% oxygen was administered. 
In the second hospital week, the patient developed 
massive gastric bleeding which required 27 pints 
of blood in a 30-hour period. Temperature was 
104+ and he was semicomatose. All attempts to 
stem the upper gastrointestinal bleeding, such as 
ice cold saline lavage, were ineffective. Finally, 
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Fic. 8. Intraperitoneal instillation of 4 mg. of 
levarterenol in dogs reduces portal blood flow but 
does not markedly effect portal vein pressure. 


because the patient was dying, lavage of the stom- 
ach with LA was started. The stomach was washed 
every hour with cold saline containing 4 mg. of 
levarterenol per 250 cc. which was ineffective. 
Two ampules of levarterenol were then dissolved 
in saline and administered intraperitoneally in 150 
cc. of saline. The patient was rolled from side to 
side. The bleeding immediately stopped and did 
not restart. The patient recovered from lung ab- 
scess and thrombophlebitis and left the hospital 
in good health. 
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Fic. 9. The survival of surgically created bleeding 
ulcers in dogs is plotted. 
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Discussion 


Our clinical experience is as yet small 
since this therapy has been reserved for pa- 
tients who were considered to have ex- 
sanguinating hemorrhages. Our successfully 
treated patients includes instances of bleed- 
ing ulcers, bleeding carcinoma, bleeding 
following gastric resection and bleeding of 
unknowm origin from stress ulcers. Stress 
ulcers are still a serious threat to life.? They 
often announce their presence by massive 
upper gastrointestinal bleeding. Stress ul- 
cers accompanying sepsis are especially 
lethal. Our method of therapy is especially 
applicable to this group. 

Patients who hemorrhaged from esopha- 
geal varices were not considered at first to 
be suitable candidates for therapy. Con- 
trary tc this belief, one of our residents ar- 
rested exsanguinating hemorrhage in a pa- 
tient with esophageal varices. Subsequent 
experimental work in the dog laboratory 
demonstrated that there was a 50% reduc- 
tion in splanchnic inflow. 

The cirrhotic liver is unable to alter its 
vascular resistance to changes in splanchnic 
inflow as is the normal liver. Therefore, 
any recuction in the amount of blood flow- 
ing into the portal system should quantita- 
tively lower portal vein pressure. This could 
be the mechanism responsible for arrest of 
variceal hemorrhage. 

One of our apprehensions initially was 
that the intestines might be rendered ne- 
crotic by intense vasoconstriction. Hucka- 
bee ? has shown that lactic acid is produced 
in tissues when oxygen tension falls below 
26-32 mm. Hg. Since lactate production 
did not occur, dangerous levels of intestinal 
ischemia could not have been reached. 
However, nothing is known of the extent of 
liver anoxia which might ensue and there- 
fore one must exercise caution. Although 
one dose of LA may be safe, too large a 
dose cr continued administration might 
cause hepatic anoxia. Overdosage produces 


a shock-like state in dogs with falling blood 
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pressure. Unfortunately, the available toxico- 
logical data is insufficient, and the range of 
the least effective therapeutic dose is un- 
known.* Since therapy was directed to the 
arrest of a life threatening hemorrhage, the 
doses employed may have been excessive. 
These considerations have led us to use this 
therapy, as a preoperative measure only. 

Unfortunately, no severe cases of lower 
bowel bleeding have been encountered, but 
our therapy should be valuable for these 
instances as well. 

The effect of intraperitoneal and intra- 
gastric LA may not be simply related to the 
vasoconstriction-produced secretion from 
canine Heidenhain pouches, and total gas- 
tric pouches have been studied in dogs. 
Histamine stimulated acid production is 
markedly diminished by topical or intra- 
peritoneal administration of LA. Mucin pro- 
duction has also been measured, but there 
are no changes. This work will be made the 
subject of a separate report, but it should 
be pointed out that sympathetic stimulation 
is roughly equivalent to interrupting para- 
sympathetic stimuli as is accomplished by 
vagotomy. 

The intraoperative control of bleeding by 
intraperitoneal use of LA offers great ad- 
vantage to both surgeon and patient. If 
excess LA is removed by suction the prob- 
lem of hepatic ischemia would not arise. 

Our meager experience suggests that in- 
tragastric and intraperitoneal administra- 
tion of a suitable vasoconstrictor is effective. 
Only time will tell whether it is more or less 
effective than the introduction of vasopres- 


* Winthrop Laboratories sell the Levophed® 
which was used in this study. However, they re- 
fused support for it or any additional investigations. 


sor directly into the gastrointestinal vessels 
via a long cannula introduced through the 
femoral artery and manipulated into the 
proper vessel. Our procedure does not re- 
quire identification of the bleeding site and 
complex equipment. It should be as safe as 
direct cannulation which entails consider- 
able manipulation of sick patients and con- 
tinued vigilance by specially trained per- 
sonnel. 


Summary and Conclusion 


Levarterenol injected directly into the 
portal vein is rapidly metabolized by the 
liver. Intraperitoneal or intragastric instilla- 
tion of levarterenol solution in high concen- 
trations can arrest gastrointestinal bleeding 
caused by diverse reasons. The route of 
administration does not elicit hypertension 
and does not produce damage to the bowel, 
providing it is used for intervals of short 
duration. 
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Significance of an Enlarged Splenic Artery 


in Patients with Bleeding Varices 
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THe results of recent angiographic and 
isotopic studies in patients with spleno- 
megaly support the view that an abnor- 
mally large arterial inflow into the spleen 
may be an important component of portal 
circulatory congestion.* 14 15:18 When cir- 
rhosis, a blood dyscrasia or extrahepatic 
portal vein obstruction is the underlying 
disorder, increase in diameter of the splenic 
artery often accompanies splenomegaly and 
the abnormal diameter of the splenic artery 
then correlates closely with increased total 
spleen blood flow." ?? The association be- 
tween size of the spleen and diameter of 
the splenic artery is not absolute, however, 
as this latter may be within normal limits 
even in patients with massive splenomegaly; 
on the other hand, an abnormally large 
splenic artery is rarely observed in the ab- 
sence of splenomegaly. 

The high incidence of continued or recur- 
rent variceal hemorrhage following splenec- 
tomy or splenic artery ligation has tended 
to obscure the fact that these maneuvers 
have been successful in about 30% of all 
patients with bleeding varices.*** Why 
these relatively simple alternatives to porta- 
caval shunt have been effective in some but 
not in all patients is unknown but it is pos- 
sible that abnormally high inflow into the 
portal system via the splenic artery could 
characterize the group of patients who re- 
spond best. Based on these considerations 
an attempt was made to assess the prog- 
nostic significance of an enlarged splenic 
artery in patients undergoing splenic artery 





Submitted for publication May 24, 1971. 


466 


ligation and/or splenectomy for bleeding 
esophageal varices. A review of the records 
of 12 consecutive patients including seven 
with an enlarged splenic artery forms the 
basis for this report. 


Clinical Data 


From January 1967 to April 1971 12 adult 
patients underwent splenic artery ligation 
and or splenectomy for bleeding esophageal 
varices on the surgical services of either 
Bellevue or University Hospital. 


Group 1. Enlarged Splenic Artery 


Seven patients, five men and two women 
ranging in age from 48 to 69 years entered 
the hospital bleeding massively from varices 
and were found to have splenomegaly as 
well as an enlarged splenic artery. 

A history of prolonged alcoholism was ob- 
tained in four patients while three others 
presented with various underlying disorders 
as follows: myeloid metaplasia, biliary cir- 
rhosis secondary to carcinomatous obstruc- 
tion of the common bile duct and throm- 
botic occlusion of the extrahepatic portal 
vein. In each of the four patients with his- 
tories of alcoholism chemical tests of liver 
function as well as biopsy sections dis- 
closed evidence of longstanding hepatic cir- 
rhosis. Scans of the liver and spleen follow- 
ing the administration of TE 99 sulfur col- 
loid showed decreased hepatic and in- 
creased splenic uptake in three of the four; 
in one of these three patients a significant 
reduction in circulating formed blood ele- 
ments was also found (hypersplenism). AI- 
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Fic. 1A. Celiac angio- 
grams, one day before 
operation, of patient F. G. 
who underwent ligation 
of the splenic artery. 





Fic. 1B. One year 
later. The point of sur- 
gical ligation can be seen 
just to the right of the 
radiopaque clip overlying 
the spinal column. Con- 
trast material seems to be 
entering the splenic ar- 
tery just distal to the 
point of ligation via two 
collateral channels from 
the right gastroepiploic 
artery. 





bumin levels of the seven patients ranged liters of blood and then ceased with the 
from 2.7 to 4.2 Gm./100 ml. and bilirubin help of balloon tamponade or following the 
from 0.2 to 10 mg./100 ml. Large amounts administration of pitressin via the superior 
of ascitic fluid were present in two patients mesenteric artery in each patient with two 
and smaller amounts in one. Variceal hem- exceptions who were operated upon while 


orrhage required transfusion of 1% to 4 still bleeding. 
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In six patients celiac angiography con- 
firmed the presence of an enlarged spleen 
and with one exception demonstrated that 
the splenic and portal veins were patent. 
The one exception occurred in patient E. N. 
in whom the portal vein was not visualized 
and who was found at operation to have 
a thrombus occluding the vein at the hilus 
of the liver. Maximal diameter of the splenic 
artery in six pateints undergoing celiac 
angiography ranged from 9 mm to 1.5 cm. 
at its widest point and averaged 1.2 cm. 
(normal 8 mm. or less ).® 7% 7° Circulation 
time from the splenic artery to the hilar 
portal vein ranged from 8 to 10 seconds and 
averaged 9.1 seconds. In one patient not 
undergoing preoperative angiography a 
splenic artery 1 cm. in diameter was found 
at operation. 

At operation four patients underwent 
splenic artery ligation and three splenec- 
tomy. Portal pressures ranged from 14 to 
40 cm. of water and averaged 33 cm. Opera- 
tive occlusion of the splenic artery resulted 
in visible decrease in size of the spleen in 
all seven patients and decrease in elevated 
portal pressure averaging 8 cm. of water in 
the five patients in whom this was measured. 

Postoperative courses of all seven pa- 
tients were marked by absence of any life 
threatening complications and all left the 
hospital in good condition. Recurrent vari- 
ceal bleeding has not been observed in any 
of these seven patients. Four patients are 
alive and have been free of ascites, en- 
cephalopathy and recurrent variceal hemor- 
rhage for up to 4 years, the longest period 
of observation to date. F. D., the patient 
with myeloid metaplasia underwent supra- 
pubic prostatectomy 1 year after splenec- 
tomy and died several weeks later of con- 
gestive heart failure. A second patient, E. M., 
died with widespread metastases 2 years 
after splenic artery ligation without recur- 
rence of variceal bleeding. L. Z., the only 
patient with cirrhosis who is not alive died 
6 weeks postoperatively in hepatic coma, 
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After an interval of 1 year celiac angiog- 
raphy was repeated in two of the patients 
who had previously undergone splenic ar- 
tery ligation (Fig. 1). In both cases con- 
trast material entered the splenic artery via 
collaterals from the gastroepiploic and pan- 
creatic arteries just distal to the site of liga- 
tion and distal portions of the splenic artery 
as well as intrasplenic branches were visibly 
smaller than diameters observed preopera- 
tively. Pertinent data from these seven pa- 
tients are presented in Table 1. 


Group 2. Normal Splenic Artery 


Five patients, three men and two women 
ranging in age from 38 to 64 years entered 
the hospital bleeding massively from varices. 
Splenomegaly was present in three and 
celiac angiography performed preopera- 
tively in two of these disclosed a normal 
size splenic artery. At operation three other 
patients also were found to have a splenic 
artery of normal size. 

A history of prolonged alcoholism was 
obtained in four patients in whom chemical 
tests of liver function as well as biopsy sec- 
tions disclosed evidence of longstanding 
cirrhosis. In addition to cirrhosis one of 
these four patients was found at operation 
to have a multicentric hepatoma. The re- 
maining patient presented with extrahepatic 
biliary obstruction secondary to carcinoma 
of the head of the pancreas and evidence of 
longstanding intrahepatic bile stasis. A scan 
of the liver and spleen following the ad- 
ministration of TE 99 sulfur colloid in the 
three patients with splenomegaly disclosed 
decreased hepatic and increased splenic up- 
take. No evidence of hypersplenism was 
found in any of these patients. Albumin 
levels ranged from 2 to 4.1 Gm./100 ml. 
and bilirubin from 4.6 to 12 Mg./100 ml. 
Large amounts of ascitic fluid were present 
in three patients and ascites was absent in 
the other two. Variceal hemorrhage re- 
quired transfusion of 2-8 liters of blood and 
then ceased in three of the five patients 
with the help of balloon tamponade or 
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intra-arterial pitressin. The other two pa- 
tients underwent laparotomy while still 
bleeding. Portal pressures ranged from 19 
to 47 cm. of water with a mean of 31. 
These pressures did not change signifi- 
cantly following splenectomy or splenic ar- 
tery ligation. Variceal bleeding either con- 
tinued or resumed postoperatively in all 
five patients and with one exception all 
died in the postoperative period. The ex- 
ception was a patient in whom postsplenec- 
tomy variceal bleeding was controlled by 
thoracic duct cannulation and who subse- 
quently underwent a thoracic duct to jugu- 
lar vein shunt. Although this shunt became 
obstructed after 4 months variceal bleeding 
did not recur and the patient remained alive 
and well for 4 years. Pertinent data from 
these five patients is shown in Table 2. 


Discussion 


In this small series of 12 patients with 
bleeding varices including ten with spleno- 
megaly, splenic artery ligation and or the 
splenectomy was effective in controlling 
variceal hemorrhage in only the seven pa- 
tients in whom splenomegaly was combined 
with an enlarged splenic artery. This sug- 
gests that preoperative celiac angiography 
in patients with bleeding varices and 
splenomegaly may enable the surgeon to 
select for splenectomy or splenic artery liga- 
tion those most likely to benefit from these 
procedures. As a dilated splenic artery sig- 
nifies that high inflow into the spleen and 
portal system is a significant component of 
the hemodynamic derangement, ligation of 
the splenic artery and/or splenectomy are 
rational alternatives to portacaval shunt in 
such patients. 

Elevated portal pressures fell following 
occlusion of the enlarged splenic artery in 
all five patients in whom the pressure was 
measured before and after this maneuver. 
In contrast, in the three patients without 
an enlarged splenic artery levels of portal 
pressure remained unchanged following ar- 
terial ligation. These observations support 


TABLE 1. Data from Patients with Enlarged Splenic Artery 
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Art. to Portal Pressure 
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Splenic 
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Port. V. 
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Diagnosis 
Myeloid 
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N 
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F. D. 


metaplasia 


Cirrhosis 
Cirrhosis 


22 


$3 


Alive and well 
Alive and well 
Alive and well 


V 


> > 


26 


34 


8 


thrombosis 


Cirrhosis 
Cirrhosis 


469 


24 
1à 
26 


Died of metastatic 


cancer 


Alive and well 
Died in hepatic coma 


V 
Y, 
Vv 


39 34 


10 


10 15 
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Although elevated portal pressure de- 
clined in all five patients in whom this was 
measured, an immediate return to normal 
levels was never observed. In the patient 
with myeloid metaplasia, however, wedged 
hepatic vein pressure did return to normal 
after an interval of 2 weeks, a decrease of 
12 cm. from the level obtained immediately 
after splenectomy. High inflow through 
either the superior mesenteric or hepatic 
arteries may at times be a factor which 
limits the extent which portal pressure falls 
following interruption of flow in a large 
splenic artery. In this particular patient the 
superior mesenteric artery was 1.5 cm. in 
diameter or 0.2 cm. wider than the splenic 
artery. The fact that portal pressure fell 
and bleeding varices did not recur in this 
as well as the other six patients suggests 
that abnormal inflow via the splenic artery 
may be the pivotal factor even when flow 
through the mesenteric and/or hepatic ar- 
teries is increased. 

Angiographic evidence of resumption of 
flow in a previously ligated splenic artery 
observed in two patients described here, 
has not been reported previously. While 
this observation could support the selection 
of splenectomy rather than splenic artery 
ligation alone, there may be advantages in 
preserving the spleen as an important site 
of spontaneous portal systemic shunts. 
Moreover more distal ligation of the splenic 
artery, closer to the hilus of the spleen, 
might decrease the likelihood of resumption 
of flow through collaterals. 


Summary 


The significance of an enlarged splenic 
artery was considered in 12 patients who 
underwent splenic artery ligation and/or 
splenectomy for bleeding varices. Seven pa- 
tients with splenomegaly and an enlarged 
splenic artery all survived and left the hos- 
pital without recurrent hemorrhage. Five 
comparable patients without an enlarged 
splenic artery including three with spleno- 
megaly all continued to bleed or rebled and 


died early in postoperative periods. The re- 
sults suggest that when an enlarged splenic 
artery can be identified by celiac angiog- 
raphy or at operation in patients with bleed- 
ing varices, splenic artery ligation and/or 
splenectomy may be reasonable alternatives 
to portacaval shunt. 
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Changes in Cardiac Lymph of Dogs during 
and after Anoxia 
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Carprac lymph is a product of the in- 
terstitial fluid pool in the myocardium. Its 
composition, therefore, reflects that of the 
intercellular spaces, in health and in dis- 
ease. Changes in the heart caused by any 
form of injury are related to the exchange 
of fluid and particles across the membranes 
of capillaries and myocardial cells. Altera- 
tions in this exchange will also be reflected 
in the volume and composition of lymph 
collected from the heart. Such changes have 
previously been demonstrated in lymph 
from other organs * 19 17, 18 24 and the find- 
ings support the logical assumption that 
lymph reflects the degree of tissue injury 
more accurately than blood.? 

Very little is known abcut the behavior 
of cardiac lymph during and after injuries 
to the myocardium. Except for brief reports 
of the effects of anoxia on cardiac lymph 
flow in one dog examined by Maurer !? and 
in two by Miller et al," there is no reference 
to this subject. 
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The resent paper reports a series of ex- 
periments in 15 dogs, designed to demon- 
strate some of the effects of hypoxia and 
anoxia upon the flow and composition of 
cardiac lymph. 


Materials and Methods 


Fifteen adult mongrel dogs were anes- 
thetized with sodium pentobarbital (30 
mg./Kg.) and ventilated with a mixture of 
room air and oxygen (5 l/min.). A slow, 
constant infusion of Ringer’s solution (10 
drops/min.) was given through the femoral 
vein, The blood pressure was continuously 
monitored via a cannula inserted into the 
femora_ artery. EKG was also monitored 
throughout the experiment. 

The heart was exposed through a left 
anterolateral thoracotomy in the fourth in- 
tercostal space. The pericardium was opened 
and tke cardiac lymphatic vessels entering 
the cardiac node were demonstrated by in- 
jection of T1824 dye. The afferent lymph 
vessel to the node was cannulated and 
lymph collected as described by us else- 
where.” The first hour's collection of lymph 
was used to determine the baseline of flow, 
pH, electrolyte, protein and lactate concen- 
trations. Coronary sinus blood for corre- 
sponding estimations of electrolytes, pro- 
teins and lactates was obtained by direct 
puncture. Arterial blood gases were deter- 
mined repeatedly during all stages of the 
experiments. 

General anoxia was produced in ten dogs 
by stopping the ventilator and clamping 
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TABzE 1. Parameters in Cardiac Lymph end Coronary Sinus Blood 
before and after Generalized Anoxia 
After Anoxia 
Before Anoxia 1st Hour 2nd Hour 3rd Hour 
Lymph Blood Lymph Blood Lymph Blood Lymph Blood 
Flow, cc./hr. 2.6 4.6 4.2 4.0 
(range) (1.8-4) (3.0-6.0) (2.5-7.0) . (2.0-6.0) 
Na, mEaq./1l. 144 142 148 141 i50 142 149 
(range) (132-150) (144-158) (140-164) (140-169) 
Cl, m Eq./1. 109 107 112 106 111 107 108 
(range) (96-119) (98-121) (98-117) 
K, mEq./I. 2.8 3.3 2.8 2.8 2.6 2.9 2.6 
(range) (2.3-3.4) (1.3-3.7) (2.3-3.1) (2.2-3.0) 
Total Protein 3.2 5.5 3.4 2.5 3.3 5.4 
(Gm./100 ml.) 
Albumin/globulin ratio 1.12 0.99 0.85 
Lactates (mg./100 ml.) 16.5 A7 25.7 20.7 25.1 16.6 22.7 15.6 


the endotracheal tube. This resulted in an 
initial rise in blood pressure followed by a 
rapid drop about 3 to 4 minutes later. As 
soon as cardiac arrest had occurred, the 
dog was resuscitated with cardiac massage 
and ventilation with 100% oxygen. At the 
same time 80 mEq. of NaHCO; was given 
intravenously. These measures were suff- 
cient to restore myocardial activity in nine 
animals, whereas one dog also required 
electric defibrillation of the heart. Arterial 
blood gases were determined and metabolic 
acidosis corrected by further administration 
of bicarbonate as indicated. The animals 
were then maintained on 96% Os and 4% 
CO, for the rest of the experiment. This 
series of experiments will in the following 
pages be referred to as generalized anoxia. 

Cardiac lymph was collected continuously 
for the next 2 to 3 hours, and each !4 hour 
specimen was analyzed for pH, electrolytes, 
proteins and lactate concentrations. Parallel 
analyses were carried out in samples of 
coronary. sinus blood. 

In two dogs, generalized hypoxia was 
produced, using a breathing mixture of 1096 
Oz and 90% Ne. Cardiac arrest did not oc- 
cur in either of these animals. The experi- 
mental situation is termed generalized 
hypoxia. 


In three animals, ischemic anoxia of a 
portion of the myocardium was produced 
by occluding the left anterior descending 
coronary artery for 1 hour. Lymph and 
coronary sinus blood specimens were col- 
lected during this period. The occlusion was 
then released and samples collected for an- 
other 2 hours. This situation will be re- 
ferred to as local anoxia. 

The lymph color in the thoracic duct in 
the posterior mediastinum was inspected in 
all animals. In four dogs of the first group, 
thoracic duct lymph was collected for com- 
parative analyses, 


Results 


A. Lymph Flow and Color. Generalized 
hypoxia and anoxia both caused a sharp 
rise in the flow rate of cardiac lymph. The 
increase was noticeable within 5 minutes 
of the anoxia episode and continued for 
the next 115 hours, when it started to de- 
crease slowly. Even 3 hours after anoxia, 
however, the flow rate was still higher than 
the preanoxia level (Table 1). The cardiac 
lymph also became uniformly blood stained 
in all animals subjected to generalized 
anoxia, and numerous erythrocytes were 
present in smear preparations of the lymph. 
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Staining was noticed from 5 to 15 minutes 
after resuscitation and v;as present until 
termination of the experiment in all animals. 

An identical increase in lymph flow was 
recorded in the two dogs where generalized 
hypoxia was induced by breathing the low- 
oxygen mixture. In contrast, however, the 
lymph remained clear throughout the ex- 
periment. _ 

In the animals subjected to local anoxia, 
lymph flow increased slightly during the 
period of occlusion, and the lymph re- 
mained clear: Immediately after release of 
the occlusion, the flow rate increased con- 
siderably and remained high during the rest 
of the experiment. The lymph also became 
blood-stained within 2 to 3 minutes after 
re-establishment of coronary circulation to 
the. previously ischemic myocardium, 

The thoracic duct lymph also increased 
in volume following generalized hypoxia/ 
anoxia, but the flow returned to pre-anoxic 
levels within 1 hour. Blood staining of this 
lymph was not noticec in any of the 
animals. 

B. Electrolytes. The mean and individ- 
ual changes in electrolyte concentrations 
are presented in Table 1 and Figure 1. In 
general there was a moderate increase in 


mEg/liter 


Fic. 1. Demonstrating 
the influence of anoxia on 
electrolyte concentrations 
in cardiac lymph. 
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the scdium and chloride concentrations in 
cardiac lymph following arrest and resus- 
citation. The elevation usually persisted for 
2 horrs before values began to decline. 
Corresponding analyses of coronary sinus 
blood showed no significant changes. The 
potassium concentration was unchanged or 
slightly below preanoxic levels during the 
first hour and then decreased over the 
next two hours. 

C. Prcteins. The results of protein analy- 
ses are given in Table 1 and Figure 2. In 
the majority of animals there was an ap- 
precizble rise in total protein concentration 
of cardiac lymph following anoxia. Electro- 
phoresis of cardiac lymph in six animals 
with generalized anoxia showed an increase 
both in albumin and globulin fractions as 
compared to the pre-anoxia levels. The in- 
crease in globulin fractions, however, was 
propcrticnately higher, thus giving a de- 
creasmg A/G ratio in all animals (Fig. 2). 
This rise in protein concentration and de- 
clin cf the A/G ratio persisted for at least 
2 hours after correction of the anoxia. 

Two animals showed no significant 
change in the protein analyses, and two 
others had a decrease in total protein 
concentration. 


CARDIAC LYMPH CHANGES IN ANOXIA 


D. Lactates. The preanoxia levels of 
lactate in cardiac lymph were generally 
higher than in the coronary sinus blood, 
corresponding to our earlier observations.” 
Following generalized anoxia and resuscita- 
tion, the lactate concentration increased 
both in cardiac lymph and in coronary sinus 
blood during the first hour. Thereafter, the 
coronary sinus levels invariably decreased 
and reached preanoxia values within 2 to 
3 hours of the anoxic episode. The lymph 
values of lactate showed a noticeably dif- 
ferent pattern. The rise in lactate usually 
continued for 144 to 2 hours, after which 
it started a slow decline. In all animals, the 
lactate concentration in cardiac lymph re- 
mained significantly elevated throughout 
the experiment, while the value for coro- 
nary sinus blood usually reverted to pre- 
anoxia levels ( Fig. 3). 

In the experiments on local anoxia the 
lactate elevation, although present, was not 
marked in either lymph or coronary sinus 
blood during occlusion. Once the blood 
flow was reestablished, the lactate concen- 
tration continued to increase and followed 
the same pattern as describe above. 

E. pH. The pH of cardiac lymph was 
uniformly above 8 (off instrument scale) at 
the beginning of all experiments. The actual 
values during anoxia could not be estab- 
lished since the amount of lymph collected 
during this short period was insufficient for 
analyses. Immediately after resuscitation 
from generalized anoxia, a decrease in pH 
took place; the lowest recorded value being 
7.50. Within 15-30 minutes after resuscita- 
tion, the lymph pH climbed to preanoxia 
levels and remained steady for the remain- 
ing period. 


Discussion 


Impaired oxygenation has been shown to 
produce an increase in flow and protein 
transfer. in cervical)" 18 pulmonary ** and 
thoracic duct lymph.? It has been suggested 
that the raised flow is due to increased 
capilary permeability caused by endothe- 
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Fic. 2. Showing the changes in total protein 
concentrations and albumin/globulin ratio of car- 
diac lymph following anoxia. 


lial damage from lack of oxygen." 14 20 
Other authors claim that the cause of in- 
creased flow is a rise in capillary filtration 
pressure due to complex cardiovascular 
changes occurring in response to hypoxia 
or anoxia.” 7° The main argument in sup- 
port of the latter concept is that in most 
experiments on tissue lymph and hypoxia, 
the flow rise is transitory with rapid re- 
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Fic. 3. Trend in changes of mean lactate con- 
centrations in cardiac lymph and coronary sinus 
blood following anoxia. 
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versal to normal values. It would be ex- 
pected that real endothelial damage would 
be followed by flow changes for prolonged 
periods of time. Recent work by Adamson 
et al^ on pulmonary lymph also tends to 
support the theory of increased capillary 
filtration pressure. 

Our present results seem to indicate that 
in the myocardial capillaries, both mech- 
anisms are operating, dependent on the 
degree and duration of tissue hypoxia. The 
increase in lymph flow following anoxia 
persisted for up to 2 to 3 hours without re- 
version to preanoxia levels. This pattern was 
present in spite of adequate circulation, 
ventilation and correction of acid-base-dis- 
turbances. Furthermore, the immediate and 
persistent blood staining of the lymph also 
is indicative of an increased capillary per- 
meability. 

Lymph collected from various organs has 
been shown to contain a few red cells * and 
erythrocytes have reportedly been observed 
passing through capillary walls into lym- 
phatics.* To obtain macroscopic blood stain- 
ing of lymph, however, whole blood must 
escape into the interstitial tissue. It thus 
seems very unlikely that pronounced blood 
staining of cardiac lymph can take place 
without a considerable increase in capillary 
permeability, most likely associated with re- 
versible or irreversible endothelial damage. 

À review of studies on asphyxia and capil- 
lary permeability concludes that a severe 
degree of hypoxia may be needed to pro- 
duce à demonstrable effect, and that dif- 
ferent tissues may differ in their sensitivity 
to lack of oxygen. This view is supported 
by two experiments in our series where 
only mild generalized hypoxia without car- 
diac arrest was induced. Both these animals 
showed an increase in cardiac lymph flow 
but without blood staining. It appears pos- 
sible that in these animals, the effect might 
be due to increased filtration pressure alone, 
as caused by the hypertension and other 
cardiovascular phenomena in response to 
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hypoxia. Increased permeability of the cap- 
illary wall, possibly associated with endo- 
thelial damage, may well be absent in mod- 
erate hypoxia. In generalized anoxia, how- 
ever, cur observations strongly support the 
concept of increased endothelial perme- 
ability. 

This point is not only of theoretical in- 
terest but also carries a clinical significance. 
As pointed out by Maurer 18 “It seems pos- 
sible that the decreased oxygen supply has 
a more damaging influence on the capil- 
laries of the heart than on those of the 
region drained by the cervical ducts." The 
extreme sensitivity of the cardiac muscle to 
lack of oxygen is well appreciated. Atten- 
tion is drawn, however, to the present ob- 
servations on cardiac lymph which indicate 
that even after adequate resuscitation from 
a very brief cardiac arrest, status quo is not 
restored for a considerable period of time. 

Our results from the protein analyses 
differ greatly from those reported by pre- 
vious investigators. Maurer!? reported a 
fall in protein concentration after anoxia in 
one single dog. Considering the increased 
flow of lymph, however, he concluded that 
the total leakage of protein into the lym- 
phaties was increased. Miller et al.° found 
the protein concentration to remain stable 
following anoxia and drew a similar con- 
clusion. Our results, on the contrary, show 
an average increase in protein concentra- 
tions; most pronounced for the globulin 
fractions as expressed by a decrease of the 
A/G ratio. This observation also favors the 
above mentioned concept of increased cap- 
illary permeability. 

Similar changes have been reported to 
occur in lymph from other organs after tis- 
sue injury.^?^?? The increased proteins 
were shown to be derived mainly from the 
circulating plasma.?^?? Further studies on 
permeability of myocardial capillaries under 
varicus circumstances are certainly war- 
ranted. A rewarding approach would seem 
to be the combination of lymph analysis 
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and studies of ultrastructure using electron- 
dense tracer proteins such as in the per- 
oxidase method. 

Anoxia affects not only the capillary cir- 
culation and permeability but also the myo- 
cardial muscle cell. There is evidence from 
physiologic and morphologic studies of hu- 
man myocardium that anoxia; a) affects the 
function of the mitochondria; b) disrupts 
the structural integrity of the inotropic 
unit and; c) interferes with the transport of 
fluids and ions across the cell membrane." 
Excessive lactic acid accumulation during 
anaerobic metabolism is believed to over- 
come the intracellular buffer capacity, thus 
releasing intracellular enzymes which de- 
stroy the cellular metabolic systems.® 1% 25 
An increase in lactates and lysosomal en- 
zymes with a concomitant fall in pH has 
been demonstrated in thoracic duct lymph 
of dogs following hemorrhagic or endotoxin 
shock.? 

In the present experiments, the lactate 
concentration of cardiac lymph increased 
following anoxia and stayed elevated for 
several hours. Furthermore, the lymph 
analyses showed more pronounced and 
longer-lasting changes than corresponding 
samples of coronary sinus blood. These ob- 
servations seem to support our previous the- 
ory that cardiac lymph is a more sensitive 
parameter of myocardial metabolism. They 
also indicate that myocardial damage from 
anoxic arrest may be more profound than 
previously believed after studies of coro- 
nary venous return only. 

Further investigations of this question, 
including enzyme and lipid analyses, war- 
rant attention because of their considerable 
clinical significance. 

The normal pH value in our experiments 
was consistently around or above 8, and 
decreased sharply during anoxia. This drop 
is probably related to the concomitant in- 
crease in lactic acid production. With re- 
suscitation and restored circulation, how- 
ever, the pH returned to normal levels in 
spite of increasing lactate concentration in 
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the lymph. The explanation is probably 
that plasma bicarbonate again was avail- 
able in the interstitial fluid as soon as the 
capillary and para-capillary circulation was 
restored. 

Our experiments showed minor electro- 
lyte alterations in the cardiac lymph after 
anoxia, with an increase in the mean values 
for sodium and chloride and a decrease of 
potassium concentration. The explanation 
for these changes also must be sought in 
alterations of ion transfer across the capil- 
lary and myocardial cell membranes. The 
relative importance of these two factors to 
the changes in electrolyte composition can- 
not be established from the present experi- 
ments. 


Summary 


The effects of hypoxia and anoxia upon 
the flow and composition of cardiac lymph 
were investigated in 15 dogs. Both experi- 
mental conditions produced a considerable 
increase of lymph flow. Following general- 
ized and local anoxia the lymph also be- 
came blood-stained. Analyses of proteins in 
the lymph showed increased concentrations 
of albumin as well as globulins, but particu- 
larly of the high-molecular fractions. These 
observations suggest that anoxia produces a 
considerably increased exchange across the 
capillary membrane and also alters the 
permeability of the capillary endothelium. 

Lactate concentrations in cardiac lymph 
showed a pronounced increase following 
myocardial anoxia. The lactate alterations 
in the lymph specimens were more marked 
and long-lasting than changes in venous 
blood from the coronary sinus. This pattern 
supports the view that lymph is a more 
sensitive index of changes occurring in the 
myocardium, and that even short periods of 
myocardial anoxia have severe effects upon 
myocardial metabolism. 

The physiological and clinical signifi- 
cance of these observations is discussed. 
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| Volume Deficit Versus Toxic Absorption: 
A Study of Canine Shock After Mesenteric Arterial Occlusion 


Cuv-Jexc Curv,* M.D., Henry J. Scorr, M.D., Fraser N. Gump, M.D. 
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of the Montreal General Hospital, Montreal 109, Quebec 


THE NATURE of the so-called “intestinal 
factor” in shock and other flow states con- 
tinues to be a question of importance.’ The 
hemorrhagic necrosis of the intestinal mu- 
cosa, often referred to as hemorrhagic en- 
teritis, is not only a conspicuous stigma in 
the canine shock but also plays an important 
role in the development of its irreversibil- 
ity. Clinically, such hemorrhagic infarcts 
of intestine produced by severe ischemia re- 
main a grave problem associated with high 
mortality. With the recent advances in 
selective angiography and vascular surgical 
technics, the diagnosis and surgical attack 
on mesenteric infarcts secondary to arterial 
occlusion have been made with increasing 
frequency and success. However, the mor- 
. tality and morbidity are still exceedingly 
high. Almost half of the intestinal infarcts, 
according to Ottinger and Austen,” fell into 
the category of the non-occlusive type. Most 
are associated with low flow states, such as 
heart failure or shock; and are almost al- 
ways fatal. 

Circulatory collapse often follows restora- 
tion of blood flow to the ischemic intestine. 
Two main schools of thought exist to ex- 
plain the mechanism of such a catastrophe. 
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Fine and associates ** advocated the toxic 
factor theory, postulating that abnormal ab- 
sorption of bacterial endotoxin was respon- 
sible for the hemodynamic deterioration.“ 
This view had been challenged to some ex- 
tent by the findings that germ-free rats also 
succumbed to irreversible shock.?* Likewise, 
no conclusive evidence of endotoxemia has 
been obtained in clinical cases of hemor- 
rhagic shock.’ Lefer et al? were able to 
detect the presence of a circulating myo- 
cardial depressant factor, presumably poly- 
peptide in nature, in hemorrhagic shock. 
Williams et al.”* believe it to have originated 
from ischemic gut. It was postulated that 
reduced myocardial contractility caused left 
heart failure and decreased cardiac out- 
put, setting off a vicious cycle. Such a toxic 
factor may play a role in the cardiac dam- 
age of shock, as described by Melcher 
et al and others. Many other toxic fac- 
tors have been detected. Those include 
vasoactive polypeptides, hemochromogens 
and lysosomal enzymes. It was suggested 
that some of those toxic factors may be re- 
sponsible for extraintestinal lesions asso- 
ciated with shock, such as the so-called 
Shock lung.° | 

The second school of thought attempts to 
explain circulatory collapse following re- 
lease of an occluded superior mesenteric 
artery as due to blood volume deficit. Lil- 
lehei et al.t* observed the fluid shift and 
blood loss into the intestinal lumen and tis- 
sue, and found that it could be minimized 
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Fic. 1. Experimental setup for Group III. SMA: 
Superior Mesenteric Artery. 


with protective perfusion of the intestine. 
The increase in hematocrit and plasma 
hemoglobin, which presumably came from 
hemolyzed blood in the intestinal lumen, 
were correlated with the mortality. Zuidema 
et al. showed that macromolecules were 
lost into the small bowel lumen after acute 
ischemia, and fluid and serum albumin loss 
into the gastrointestinal tract during hemor- 
rhagic shock were studied by Glenert et al.® 
Mean arterial pressure of 11 dogs was re- 
duced to 48 mm. Hg for an average of 82 
minutes. Intestinal fluid loss was 27.195 of 
plasma volume per hour, and in five dogs it 
was over 40% per hour. Albumin loss via 
the intestine increased 5.5 times after shock, 
and was equivalent to 2.2% of the albumin 
pool per hour. Extensive study and review 
were conducted on this subject by Mars- 
ton !* who employed various perfusion and 
cross circulation models to demonstrate that 
during total occlusion of the superior mesen- 
teric artery, the hemodynamic status of the 
dog remained stable until the blood flow 
was restored. The circulatory collapse which 
ensued could be prevented by cross circula- 
tion of the intestinal vascular bed, using a 
donor dog. The donor then developed hypo- 
volemic shock, which could be corrected 
with blood transfusion. 
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Several important questions remain to 
be answered: 

l. It appears that toxic factors are un- 
doubtedly absorbed or released by the 
ischemic intestine. How important a role 
they play in the pathogenesis of circulatory 
collapse and the death of animal has not 
been fully elucidated. 

2) The importance of a toxic factor had 
been implicated in the past mainly because 
the Huid loss was considered to be insuff- 
cient to explain the subsequent hemody- 
namic derangements. Several authors '* 
studied the blood volume using ™I tagged 
albumin and found that following 2 hours 
of superior mesenteric arterial clamping, 
volume deficit was only 0 to 50% of the 
total blcod volume. Reduction of cardiac 
output occurred before significant volume 
loss could be detected. Furthermore, fluid 
therapy based on blood volume measure- 
ment or infusion of an arbitrary amount of 
fluid (e.g., 1,000 ml. of saline in 4 hours) 
did not improve the mortality figures.? 

It is to be noted that findings of macro- 
molecular and red blood cell loss into the 
intestine under such conditions would make 
data obtained with conventional blood vol- 
ume measurements unreliable. By losing 
1817 tagged albumin®?* calculations of 
blood volume based on indicator dilution 
could give a falsely high figure, masking 
the actual volume deficit. Fluid therapy 
based on such data would have been in- 
adequate. Moreover, the injured intestine 
would ke expected to lose fluid continu- 
ously, even after the animal was returned 


to the cage following the experiment. With- 


out close follow-up and continuous fluid 
replacement as needed until recovery, it is 
hardly surprising to find that the dog did 
not survive. 

3) Any canine experiments using the 
technic of cross circulation or perfusion 
with another animal’s blood would entail 
the diffculty of homologous blood syn- 
drome. At present, satisfactory methods for 
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typing and cross matching canine blood do 
not exist. The homologous blood syndrome 
in dogs may produce severe splanchnic con- 
gestion and even shock, and the mortality 
rate was reported to be 10 to 20% and mor- 
bidity 30 to 60% by Maher et al., Cruz 
et al.,* and Dow et al? 

The following experiments were designed 
to circumvent some of these difficulties, and 
to determine whether the toxic substances 
absorbed through the damaged mucosal 
barrier of the ischemic intestine in fact rep- 
resented a major cause of the circulatory 
collapse which was observed to follow the 
restoration of blood flow. 


Methods 


Mongrel dogs weighing 10 to 15 Kg. 
were anesthetized with intravenous sodium 
pentobarbital (30 mg./Kg.) and intubated. 
Aortic pressure and central venous pressure 
(CVP) were monitored continuously via 
catheters introduced into the femoral artery 
and vein, and recorded on a Grass recorder. 
Cardiac output was measured by the indi- 
cator dilution technic, using an indwelling 
arterial catheter, and calculated by the 
method of Hamilton or Dow. Electrocardio- 
gram was recorded, and the urinary and 
diarrheal output were collected either in a 
tray under the operating table, or in a 
metabolic cage postoperatively. Blood sam- 
ples obtained during and after experiments 
were sent for the following determinations: 


Hematocrit (Hct.)..... Microhematocrit method 

Sodium and Potassium. .Using Flame Photometer, 
Model 143, Instrumen- 
tation Lab. 

.Measured with Bowh- 
ringer-Mannheim Test 
Kit 

Beta-glucuronidase..... Method of Fishman ° 


Lactate and Pyruvate. . 


For diarrhea fluid, the volume, gross ap- 
pearance and beta-glucuronidase, sodium 
and potassium were determined. 

During the period of anesthesia, positive 
pressure inflation of the lungs was per- 
formed every 30 minutes with an Ambu 


bag. Autopsies were carried out on dogs 
which died or were sacrificed after experi- 
ments. 

A mid-line abdo incision was made 
and the origin of the superior mesenteric 
artery was exposed with minimal dissection. 
Four groups of experiments were performed. 


Group I. Control 


In nine dogs, superior mesenteric arteries 
were occluded with a vascular clamp for 
3 hours and then released. No fluid was 
given. The hemodynamic parameters were 
observed until death of the animal or for 
12 hours after release of the clamp. Cardiac 
output was measured and blood samples 
were taken before and 4 hours after release 
of the clamp. Blood and diarrhea fluid were 
collected for examination again 24 and 48 
hours following restoration of blood flow to 
the intestine. 


Group II. Immediate Fluid Therapy 


In ll dogs, superior mesenteric arteries 
were occluded with a Satinsky clamp for 3 
hours and intravenous fluid (saline or Ring- 
er's solution) was started immediately after 
the removal of clamp. The fluid therapy 
was continued for 24 to 48 hours, using 
blood pressure (BP), central venous pres- 
sure ( CVP), hematocrit and the volume of 
diarrhea fluid as guide. The purpose was to 
keep the BP and hematocrit near normal 
range, replace the fluid and electrolyte loss, 
and avoid excessively high venous pressure 
by over infusion. No oral feeding was al- 
lowed for 48 hours. Blood and diarrhea 
fluid samples were obtained and tested as 
in Group I. 


Group III. Flushing the Intestinal Vas- 
cular Bed 


In four dogs, superior mesenteric arteries 
were ligated at the origins. After 3 hours 
of ischemic period, 2,000 ml. of Ringer's 
solution was infused in 2 hours into the 
superior mesenteric artery distal to the site 
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Fic. 2. Survival time following 3 hours of supe- 
rior mesenteric artery occlusion. Group I: No Ther- 
apy. Group II: With fluid therapy. 


of ligation (Fig. 1). It was expected that 
the fluid flushed through the vascular bed 
of the intestine would enter the systemic 
circulation via the portal system, carrying 
with it any toxins which might have been 
absorbed or liberated by the damaged mu- 
cosa. The superior mesenteric artery occlu- 
sion was not released until the end of ex- 
periment to avoid possible loss of circulat- 
ing blood volume via the intestine. BP, CVP 
and cardiac output were monitored for 12 


TABLE 1. Mortality in Group I 


i.v. 
Period of Fluid 

Dog No. Weight Sex Survival (24 hr.) 
8718 11 M 13 hr. 0 
8758 14 M 7 hr. 0 
8750 14 M 9 hr. 0 

. 8786 10 F 48 hr. 0 
8787 ti F >3 days 0 
8802 10 M 10 hr. 0 
8803 12 M 4.5 hr. 0 

' 8807 14.4 M 12 hr. 0 
8808 13 M 36 hr. 0 
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hours to observe any sign of circulatory 
failure. 


Group IV. Delayed Fluid Therapy 


In four dogs, experiments identical with 
those of Group I were carried out. The dogs 
usually developed signs of circulatory fail- 
ure within 2 to 4 hours. Six to 8 hours fol- 
lowing the release of clamp, i.e., after ap- 
proximately 4 hours of hypotension, intra- 
venous fluid of saline or Ringer’s solution 
was started rapidly in sufficient quantity. 
The hemodynamic response of the animal 
was observed. 


Results 


A. Mortality and Hemodynamic Obser- 
vations 


Of the nine dogs in Group I, only one 
(11%) survived for more than 3 days (Fig. 
2). Eight dogs died with steady decrease 
in BP and cardiac output while CVP re- 
mained low (Table 1). Usually the BP 
started to fall within 2 to 4 hours, and signs 
of circulatory collapse were clear 4 to 8 
hours after the restoration of blood flow to 
the superior mesenteric artery (Fig. 3). 
The median survival time was 12 hours. 
Hematocrit increased significantly from 
42% to 56% (mean) within 4 hours after 
the release of clamp (p < 0.01). 

In Group II, seven dogs out of 11 (64%) 
survived for more than 3 days. Such im- 
provement in the survival rate was sig- 
nificant at 5% level using Chi-square Test. 
In ccntrast to Group I, none died within 
24 hours (Table 2). BP and cardiac output 
were kept within normal range in all ani- 
mals during 12 hours of close monitoring 
(Fig. 4). One dog died 27 hours later from 
pulmonary edema and excessive hemodilu- 
tion, and two others died 26 to 27 hours 
postoperatively from  bronchopneumonia, 
one clearly following an aspiration of gas- 
tric content. The cause of death in the dog 
which died 36 hours afterward could not be 
determined due to postmortem changes. 
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Fic. 3. Hemodynamic 
changes in Group I (Con- 
trol). BP: Aortic pres- 
sure. CVP: Central ve- 
nous pressure. SMAC: 
Clamping of the superior 
mesenteric artery. SMAR: 
The clamp applied on the 
superior mesenteric ar- 
tery was released. Note 
the progressive hypoten- 
sion following the release 
of clamp applied on the 
superior mesenteric ar- 
tery. CVP remained low. 
The dog died. 


The mean change in hematocrit was min- 
imal, rising from 41% to 44% four hours 
after the restoration of blood flow (p > 0.2). 

In Group III, since the superior mesen- 
teric artery was occluded permanently, the 
experiments were designed to observe the 
hemodynamic changes during the period of 
observation rather than looking for survival. 
In contrast to previous groups, hematocrit 
fell from 41% to 36% (mean) indicating 
that the fluid infused into the intestinal 
vascular bed reached the systemic circula- 
tion (Table 3). In spite of the gross gan- 
grene of the gut at the end of experiments, 
BP, CVP and cardiac output monitored for 
I2 hours failed to demonstrate signs of cir- 
culatory failure (Fig. 5). 

The response of dogs in Group IV is in- 
teresting when compared with those of 
Groups I and II. Despite the delay in 
starting fluid therapy until the dog had had 
more than 4 hours of shock, significant 
temporary improvements in systolic pres- 
sure, pulse pressure and cardiac output 
were obtained, although pre-clamp level 
was not attained. The diastolic pressure, 
which was usually at the level of 25 to 35 
mm. Hg at this time, failed to respond to 
fluid therapy. Any beneficial effect of fluid 
replacement was transient, and dogs indeed 
manifested the phenomenon of irreversible 
shock (Fig. 6). All dogs died within the 
next few hours. 





B. Fluid and Electrolyte Losses 


No fluid was given in Group I whereas 
in Group Il, the dogs received an average 
of 2,000 ml. of crystalloid solution within 
24 hours. External fluid loss, usually as 
bloody diarrhea, measured 260 ml. in 
Group I dogs, most of which were in shock 
and died rapidly within hours. In contrast, 
the average fluid output in Group II dogs 
was 1,130 ml. within 24 hours of operation 
(Table 4). 

The gross appearance of diarrhea fluid 
varied from watery brown to grossly 
bloody, often with thick mucus containing 
large amount of sloughed off mucosal epi- 
thelium. Sodium ion concentration was 
close to that of serum, but potassium was 


TABLE 2. Mortality in Group II 


i.v. 
Period of Fluid 
Dog No. Weight Sex Survival (24 hr.) 

8719 12 M 27 hr. 2,500 
8736 15 F >3 days 2,000 
8737 13 F 27 hr. 4,000 
8745 13 M >3 days 1,500 
8746 14 M >3 days 2,400 
8769 12 M 36 hr. 2,500 
8770 10 F 3 days 1,500 
8813 10 M 26 hr. 2,500 
8814 12.9 M 3 days 1,500 
8819 13 F >3 days 1,500 
8820 12 F 3 days 1,500 
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high (40 mEq./l. in Group II). Although 
Group I manifested moderate hyponatremia, 
the serum electrolyte figures indicate that 
the fluid loss was essentially isotonic. As 
can be expected from hemodynamic data, 
serum lactate levels in Group I rose rapidly 
from 4.5 to 14.4 mg./1000 ml. (p « 0.02), 
while in Group II it was 6.2 to 8.9 mg./100 
ml. in 4 hours (p > 0.5) (Table 4). 
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Fic. 4. Hemodynamic 
changes in Group II (Im- 
mediate Fluid Therapy). 
Note that the circulatory 
collapse was prevented 
with fluid infusion. The 
dog survived. 


C. Lysosomal Enzyme Changes 


Beta-glucuronidase was used as an index 
of lysosomal enzymes presumably released 
from the damaged intestine. Within 4 hours 
of the restoration of blood flow to the 
ischemic intestine, the mean serum beta- 


glucuronidase level increased from 100.8 to — 


137.02 units % (mean) in Group I, and 
from 113.16 to 157.2 units % in Group II. 


TABLE 3. Blood Determinations in Group III 


(1) (2) (3) (4) Mean + S.D. 

Dog No. 8714 8727 8731 8779 
Weight 13 13 15 12.5 
Sex M M M M 
1) Hematocrit 

Pre-SMAC 41 A1 £9 34 41.3 + 6.1 

4 hr. post-SMAR 35 37 37 34 35.8 + 1.5 
2) Serum Na. 

Pre-SMAC 138 135 141 140 138.5 + 2.6 

4 hr. post-SMAR 141 135 147 134 139.3 + 6.0 
3) Serum K. 

Pre-SMAC da 3.7 3.5 3.9 3.7 + 0.2 

4 hr. post-SMAR 3.7 3.1 2.9 3.1 3.2 + 0.3 
4) Serum Lactate. 

Pre-SMAC 3.5 5.1 7.1 5.0 5.2 4: 1.5 

4 hr. post-SMAR 4.9 51 8.4 3.4 5.4 + 2.1 
5) Serum beta-Glucuronidase. 

Pre-SMAC 246.2 319.8 223.2 38.8 207 + 119.5 . 

4 hr. post-SMAR 318.6 138.8 229.3 45.5 -183 + 117.5 


SMAC: Clamping of the Superior Mesenteric Artery. 
4 hr. post-SMAR : 4 hours after the Release of clamp from the Superior Mesenteric Artery, i.e., 2 hours after the 
intestinal vascular bed had been flushed with 2,000 ml. of Ringer’s solution. 
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Fic. 5. Hemodynamic REN vd 
changes in Group III da^ 
(Flushing the Intestinal lE 
Vascular Bed). 2,000 ml. | 
‘of Ringers solution was As 
infused distal to the oc- e 
cluded superior mesen- 
terie artery. There was a 
moderate rise in CVP due 
to volume expansion. BP 
was stable for over 12 
hours. 
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Although such trends are clear, no statistical 
significance can be established due to the 
wide variations among individual dogs. The 
concentration of this enzyme in the diar- 
: rhea fluid doubled that of the serum level, 
reaching 204.5 units % in Group I and 354.2 
units % in Group II (Table 4). 


D. Pathological Findings 


The intestinal mucosa at the end of 3 
hours of ischemia showed severe mucosal 
- necrosis. and hemorrhage. Complete re- 
covery of mucosal epithelial cells under 
light microscopy could be seen as early as 
48 to 72 hours after the insult. If the dog 
was dehydrated and continued to have diar- 
rhea, the regenerative process appeared to 
be delayed. 

The intestinal specimens taken from 
Group III at the end of the 12-hour ex- 
periments showed thin necrotic intestines, 


Fic. 6. Hemodynamic 
nanges in Group IV (De- 
layed Fluid Therapy). 
Intravenous fluid started 
after 4 hours of hypoten- 
sion improved systolic 
pressure transiently, but j 
the diastolic pressure did aet. ED 
not respond. Note the in- mE 
crease in CVP upon vig- 
Done infusion, The dog 

ied, 
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much more severely damaged than those 
seen in the others. 


Discussion 


Although the absorption of toxic factors 
undoubtedly does occur following the res- 
toration of blood flow to the ischemic in- 
testine, these experiments demonstrate that 
fluid therapy may delay or prevent the on- 
set of circulatory collapse and death. It 
should be noted that the results obtained 
here do not disprove the possible role 
played by the toxic factors in such condi- 
tions. It is conceivable that the "myocardial 
depressant factor" ?? has shifted the myo- 
cardial function curve to the right. The 
large volume of fluid infused may increase 
the pre-load to obtain adequate cardiac 
output. In view of our finding that such 
compensation could be accomplished for 
more than 24 hours, and the CVP remained 
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TABLE 4. Blood and Diarrhea Fluid Determinations—Groups I and II 


A. Blood 
1) Hematocrit (%) 
Pre-SMAC 
4 hr. post-SMAR 


2) Serum Na. (mEq./1.) 
Pre-SMAC 
4 hr. post-SMAR 


3) Serum K (mEq./1.) 
Pre-SMAC 
4 hr. post-SMAR 


4) Serum lactate (mg./100 ml.) 
Pre-SMAC 
4 hr. post-SMAR 


5) Serum beta-glucuronidase (units %) 
Pre-SMAC 
4 hr. post-S5MAR 


B. Diarrhea Fluid 
1) Volume** (ml.) 
2) Na (mEq./1.) 
3) K (mEq./1.) 
4) beta-Glucuronidase (units %) 


* Statistically significant increase (p < 0.05). 


Group I Group II 
42.1 + 6.1* 41 4 6.5 
56.2 + 8.0* 44.4 43: 5.1 

136.2 + 3.2 137.6 + 4.7 
128.9 + 4.1 140.8 +: 4.9 
3.44 0.5 3.1 + 0.5 
3.5 + 0.6 2.8 +: 0.4 
4.64 1.7* 7.4 3: 5.3 
14.4 + 9.0* 8.7 +: 32 
100.& + 151.2 113.3 + 73.5 
137.0 + 220.0 157.2 + 120.3 
260 + 143 1,130 4: 659 
135 + 81.5 165.5 + 24.8 
97.8 + 78.4 42.2 + 44.2 
204.5 + 138.7 354.24 + 279.4 


** Volume collected in the first 24 hours after the experiment, or before the death of the dog if died within 24 


hours. 


SMAC: Clamping of the Superior Mesenteric Artery. 


4 hr. post-SMAR: 4 hours after the Release of clamp from the Superior Mesenteric Artery. 


low, overt left or right heart failure does 
not appear to play a predominant role at 
this stage. 

It is interesting that beta-glucuronidase, 
one of the proposed toxic factors, appeared 
to increase in the circulation following a pe- 
riod of intestinal ischemia. The high con- 
centration of lysosmal enzymes in the lumen 
of ischemic intestine was reported by 
Bounous et al. On the basis of sequential 
electron microscopic and histochemical 
studies,” ? it is our opinion that the mucosal 
epithelial cells which sloughed into the 
lumen degenerated there and released their 
cellular contents, including the lysosomal 
enzymes, The enzymes then diffused across 
the exposed capillaries and lymphatics, and 
entered the systemic circulation. Although 


such increase in the serum beta-glucuron- 
idase tends to support the concept of toxic 
factors in such conditions, it nevertheless 
pointed out an obvious but important aspect 
of the problem, that the presence of a factor 
per se did not necessarily prove its im- 
portance. As can be seen, serum beta- 
glucuronidase levels rose in both Group I 
and Group II dogs. Considering that Group 
I had greater degree of hemoconcentration, 
the actual rise in the enzyme level was 
probably greater in Group II. In spite of 
this, the mortality was much higher in the 
former group. 

The large volume of fluid required by 
Group II dogs, and the finding that the 
diarrhea fuid lost within 24 hours mea- 
sured up to 1,300 ml., probably reflects the 
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fact that only crystalloid solutions was 
given for volume replacement. In the pres- 
ence of increased capillary permeability 
due to anoxia, it was not surprising that 
such large amounts of fluid, exceeding the 
estimated total blood volume of the animal, 
were lost into the intestine. In addition to 
the intraluminal loss, tissue edema con- 
tributed further to the volume deficit. 
Group III experiments on the other hand 
clearly demonstrated that, in the absence 
of volume deficit, flushing the toxic factor 
from the ischemic intestine would not cause 
circulatory collapse in a period of time 
which caused shock in Group I dogs. 

Group IV experiments, in which dogs 
were not treated until they had had 4 hours 
of hypotension, may shed light upon some 
aspects of so called irreversible shock. Com- 
paring the hemodynamic responses of these 
dogs with those of Group II, one gets the 
impression that prolonged systemic hypo- 
tension affected the rest of the vasculature 
in such a way that the peripheral resistance 
was lost and the dogs became refractory to 
volume expansion. | 

The observations such as those reported 
here enable one to speculate further into 
the nature of the so called intestinal factor 
in irreversible shock. The term irreversible 
Shock, according to Wiggers, is applied to 
that form of hemorrhagic shock which is 
fatal to the animal in spite of the re-infusion 
of sufficient blood to restore the normo- 
volemic state of the animal. If one assumes 
the presence of a continuous leak of cir- 
culating blood volume via the intestine, the 
normovolemic state of the animal may still 
deteriorate following the initial restoration 
of blood volume. Although the possible role 
of toxin is by no means excluded, such a 
mechanism may explain the results of many 
reports concerning the so called intestinal 
factor in shock. It is unfortunate that shock 
experiments performed in research labora- 
tories were often carried out within a 
limited time span, and the animals were 
simply returned to cages to see whether 


they survived or perished by the next morn- 
ing. One of the greatest recent advances in 
clinical therapy of shock has been the close 
monitoring of critically ill patients, com- 
bined with continuous therapy such as is 
made available in an intensive care unit. 
This may be one of these instances where 
dedicated clinicians solved a problem ahead 
of experimental investigators. 

In this regard, we agree with Weil who 
stated *: “Irreversibility is properly regarded 
as a statistical term, indicating likelihood of 
fatal progression of shock and failure to 
revive the experimental animal. Use of the 
term in the clinical sense has been strongly 
refuted in recent years and probably justifi- 
ably so. The concept is only meaningful in 
the experimental laboratory in which a well 
defined experimental technic is used to pro- 
duce shock with a statistically prodictable 
mortality, At bedside, what has been ir- 
reversible in the past may well be re- 
versible with improved understanding of 
mechanisms and better treatment." 


Summary and Conclusion 


Following 3 hours of superior mesenteric 
artery occlusion, restoration of blood flow 
to the ischemic canine intestine produced 
circulatory collapse, with a high mortality 
of 5996. The mortality was reduced to 36% 
with immediate fluid therapy lasting 24 to 
48 hours, Circulatory collapse, hemoconcen- 
tration and low central venous pressure, 
noted in untreated dogs, were prevented 
with fluid administration. When fluid ther- 
apy was delayed until the dogs had had 4 
hours of hypotension, correction of volume 
deficit failed to improve the survival. 

In another series of experiments, occlud- 
ing the superior mesenteric artery for 3 
hours, and then flushing it with fluid to cir- 
culate any toxic substances diffused into the 
intestinal vascular bed failed to produce 
circulatory failure. It is concluded that al- 
though the absorption of toxic factors oc- 
curs following intestinal ischemia, the cause 
of circulatory collapse and death is closely 
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related to the loss of fluid into the intestine. 
The synergistic effect with hypovolemia 
should be taken into account in considering 
the role of circulating toxic factors in the 
low flow states. 
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Male Mammary Cancer: 
An Analysis of 32 Cases 
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CARCINOMA of the breast accounts for 
less than 1.5% of all cancer in men,” 
and the proportion of men among patients 
with mammary cancer is close to 1% in all 
reported series. The rarity of this tumor 
makes its assessment difficult, but differ- 
ences in mammary cancer between the sexes 
are apparent in several clinical and prog- 
nostic features. This report analyzes our 
experience with mammary cancer in men, 
and compares our findings with those in 
women. 


Materials and Methods 


In the 25-year period from 1940 through 
1964, 3,015 patients with carcinoma of the 
breast were admitted to the Hospital of the 
University of Pennsylvania. Twenty-seven 
(0.9%) of these patients were men. An 
additional five men with the diagnosis of 
carcinoma of the male breast were culled 
from 83,829 admissions to the Veteran’s 
Administration Hospital of Philadelphia 
from 1955 through 1964. The records of 
these 32 patients were analyzed critically, 
and all patients were followed either until 
death, or for at least 5 years following 
their original treatment. 


Clinical Features 


General. Of the 32 patients, five were 
Negro and the remainder were Caucasian. 
Their ages ranged from 36 to 82 years with 
a mean age of 60 years. Sixteen tumors 
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were found in the right breast, 15 in the 
left, and one was synchronously bilateral. 
Of the 32 patients, three gave a history of 
prior treatment of another malignant 
disease, namely carcinoma of the colon, 
fibrosarcoma of the abdominal wall, and 
sarcoma of the leg, respectively. None of 
these prior malignancies contributed to the 
success or failure of the treatment of their 
mammary carcinoma. One man with Paget's 
carcinoma of the breast was found to have 
chronic lymphocytic leukemia at the time 
of initial examination. Only two of our 32 
patients could recall a history of malignant 
disease among blood relatives, and in only 
one other instance was there a mammary 
carcinoma in a female relative. Two were 
married to women who had or subsequently 
developed mammary cancer. Three patients 
gave a history of mild trauma related to 
the discovery of the mass in the breast. 
None exhibited the features of Klinefelter’s 
syndrome, although chromosome examina- 
tions were performed in only two. None 
gave a history of or demonstrated gyne- 
comastia, and none had received antecedent 
hormonal therapy. 

Symptoms. A breast mass was the sole 
complaint in 19 and a significant part of the 
symptom complex in another ten of these 
32 individuals. The mammary tumor was a 
chance finding during physical examina- 
tion for an unrelated condition in only two 
of our patients and was occult in one. 
Discharge from the nipple was reported to 
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Fic. 1. Nipple inversion from a carcinoma of 
the left breast which was not fixed to the pectoral 
fascia, but had metastasized to an axillary node, 
and resulted in death 415 years later. 


be serous by two men and sanguineous or 
serosanguineous by four. Pain was generally 
a late symptom, and when localized to the 
breast was associated with nipple ulcera- 
tion. Pain from ulcerating axillary metas- 
tases was reported by one of our patients, 
and pain from bone metastases by an addi- 





Fic. 2. Nipple ulceration and adjacent infiltra- 
tion resulted from an underlying carcinoma of the 
male breast. 
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tional two. The duration of symptoms be- 
fore treatment varied from 6 days to $ 
years. with an average of 6 months. 

Physical Findings. All but one of the 
32 patients presented a palpable mass on 
initial examination by a physician. Three 
were admitted for treatment following ex- 
cision of the mass, and another had bi- 
lateral mammary masses with multiple skin, 
axillary and osseous metastases. An addi- 
tional patient had an occult carcinoma of 
the breast with regional node metastases, 
a phenomenon reported only once pre- 
viously in the male?? The masses varied 
from 1 to 8 cm. in diameter, were hard, 
and were located beneath or very near the 
areola. Fixation of the tumor mass to the 
underlying chest wall was evident in two 
individuals. Twelve men demonstrated re- 
traction or inversion of the nipple or areola 
(Fig. 1), three showed encrustation of the 
nipple, and an additional three had frank 
ulceration (Fig. 2). Palpable lymph nodes 
thouzht by the examiners to indicate metas- 
tases were present in the axillae of 11 of 
our patients (3796), and in the supra- 
clavicular area as well in three patients. In 
the 24 men subsequently subjected to 
radical mastectomy, three of six individuals 
thought to have involved lymph nodes 
actually did not, and five of 18 thought to 
have no lymph node involvement were in 
fact found to have axillary lymph node 
metastases. 


Pathology 


The microscopic appearance of 28 tumors 
was of invasive ductal carcinoma. The de- 
gree of anaplasia not only varied from 
tumor to tumor, but also within different 
sections of the same tumor, and a meaning- 
ful classification on this basis could not be 
made. One tumor met the classical descrip- 
tion of medullary carcinoma, but had little 
of the frequently associated lymphocytic 
infiltration. One tumor was an intraductal 
papillary carcinoma in which there were 


MALE MAMMARY CANCER 491 


adjacent minute areas of lymphatic in- 
vasion. There were two instances of classical 
Paget’s carcinoma of the breast reported in 
detail elsewhere.* Of the 24 men subjected 
to radical mastectomy, eight (33%) had 
axillary lymph node metastases. 


Treatment 


After evaluation of operative risk and 
extent of disease, the 32 patients were 
classified for treatment. Twenty-four 
(75% ) were found suitable for radical 
mastectomy. Two other patients with dis- 
ease clinically localized to the breast were 
treated by simple mastectomy because of 
severe cardiovascular disease. The six re- 
maining patients had evidence of extension 
beyond the breast and axillary nodes: two 
with ulcerative lesions had simple mastec- 
tomies, and four underwent biopsy followed 
` by other palliative therapy. 

Postoperative radiation therapy to the 
ipsilateral axillary, supraclavicular and in- 
ternal mammary node areas was given to 
four of the eight patients who were proved 
to have axillary metastases. No other spe- 
cific therapy was employed as an adjunct to 
radical mastectomy. 


Results 


As of April 1, 1969, all 32 patients had 
been at risk for at least 5 years, and 21 for 
10 years. Those still living were examined 


TABLE 1. Comparison of Clinical Features of Mammary 
Cancer in Men and Women at the Hospital of 
the University of Pennsylvania 


HUP/VA HUP 
Males Females! 

Mean age 60.0 yr. 53.7 yr. 

Nipple discharge 19% 6.00716 

Nipple/areolar abnormality 59% — 
less than 

Cumulative 3 mos. 56% (18) 50% (368) 
duration 6 mos. 66% (21) 67% (501) 
of 1 yr. 7595 (24) 81% (605) 
. symptoms: 2 yr. 90% (29) 89% (661) 
3yr. 94% (30) 94% (696) 


to determine the presence or absence of 
breast cancer as of April, 1969. Crude 
survival rates for the entire group regard- 
less of stage or treatment were 47% 
(15/32) at 5 years and 38% (8/21) at 10 
years. At the 5-year point, two of the 15 
survivors had detectable recurrence of 
cancer and died prior to the 6-year point. 
Sixteen of 24 patients subjected to radical 
mastectomy had axillary lymph nodes histo- 
logically free of tumor, and only one sub- 
sequently died of carcinoma of the breast 
(at 63 months). All eight patients who had 
proven axillary lymph node metastases died 
of cancer within 1 to 6 years (average 38 
months) of mastectomy, and only one 
reached the 5-year point. There was no dis- 
cernible difference in survival between the 
four patients who received postoperative 


TABLE 2. Comparison of Mastectomy and Five-Year Survival Statistics among Groups of Men and Women 


Frequency of radical mastectomy 

Incidence axillary lymph node 
metastases (Histologic) 

5-year survival after radical 


mastectomy 
Axillary lymph node | Present 
metastases (Histologic) | Absent 
Overall 


* References 2, 3, 7, 8, 14, 17. 


HUP 
Female? 


83% (665/800) 
52% (345/665) 
43% (148/345) 


79% (252/320) 
60% (400/665) 


HUP/VA 
Male 


Collected 
Male* 


75% (24/32) 
33% (8/24) 


63% (181/286) 
58% (85/146) 
13% (1/8) 


88% (14/16) 
6395 (15/24) 


30% (23/77) 
76% (32/42) 
46% (55/119) 
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radiation therapy and the four who did not. 
Two patients thought to have tumor con- 
fined to the breast and who underwent 
simple mastectomy died of cardiovascular 
disease 2 and 3 years postoperatively with- 
out clinically evident recurrence of their 
breast cancer. All six patients with tumor 
evident beyond breast and axillary lymph 
nodes at the time of initial treatment died 
within a year. 

We were unable to find clinical parameters 
correlating with survival other than pres- 
ence or absence of metastases in our series 
of 32 cases. Duration of symptoms, size of 
tumor, and ulceration were found equally 
distributed among survivors and non- 
survivors. 


Discussion 


À comparison of some clinical features of 
mammary cancer in men and women 
treated concurrently in our hospital is 
given in Tables 1 and 2. Men on the 
average were 6.3 years older, a finding in 
accord with the 6 to 8 year lag in peak 
incidence others have reported in men.? +° 
Although both sexes presented most often 
because of the discovery of a mammary 
mass, our men had an incidence of nipple 
discharge more than twice that of women, 
only slightly exceeding the 16% incidence 
in men reported elsewhere. Furthermore, 
men show a unique tendency for nipple and 
areolar involvement. The spectrum from re- 
traction and fixation through encrustation 
to frank ulceration was seen in over one 
half of our men, and in two thirds of the 
110 primary operable cases of male mam- 
marv cancer reported by Holleb.’ 

Treatment of the primary mammary 
tumor did not differ between the sexes. 
Our preference was a standard radical 
mastectomy if evaluation of the patient 
disclosed no evidence of tumor beyond the 
breast and axillary nodes, and if the pa- 
tient was a reasonable surgical risk. Many 
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authors have stressed the wisdom of plan- 
ning in advance to employ split-thickness 
skin grafts to close mastectomy wounds in 
men to avoid any subconscious temptation 
to resect with inadequate skin margins. 
We detected no difference in local recur- 
rence or survival rates between our 13 
grafted and 11 non-grafted patients. 

Comparison between the sexes of prog- 
nosis in mammary cancer is hindered by 
the scarcity of data for men. For example, 
only six reports during the past 25 years 
provide 5-year survival data for men fol- 
lowing radical mastectomy according to 
presence or absence of lymph node metas- 
tases proven histologically (Table 2). Even 
fewer 10-year survival data are available 
(Table 3). Unfortunately, these reports 
summarize experience reaching back into 
the early 1920's, and do not provide con- 
current populations of women for com- 
parison. 

The available survival data do suggest a 
poorer prognosis for men overall, apparently 
due to the relatively poor salvage in the 
group with axillary metastases. Holleb’s 7 
statement that mammary cancer is not more 
lethal in men when compared to similar 
groups of women is open to question. For 
example, the 27% (12/45) 5-year survival 
he reports among men at Memorial Hospi- 
tal following mastectomy for carcinoma 
with axillary metastases is approximately 
half that reported from the same hospital 
for comparable women in the 1940 to 1957 
period.* 

Other factors which might influence the 
prognosis of mammary carcinoma in men 
relative to women can be identified but 
their importance is more difficult to assess. 
Those thought to be of significance include 
patien: age, delay in treatment, stage at 
time cf treatment, volume of tissue inter- 
posed between tumor and other structures 
and tumor location. 

There is dispute about the significance 
of the greater age of the man with mam- 
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mary cancer and the resulting increase in 
his age-related mortality. For example, a 
study of 72 men and 830 women by the 
Philadelphia Breast Cancer Registry? 
showed that apparent differences in sur- 
vival between the sexes disappeared when 
the data were corrected for the higher age 
and age-related mortality in men with 
mammary cancer. However, in Finland 
crude 5-year survival rates for mammary 
cancer of 26% for men and 52% for women 
remained dissimilar (34% and 54%, re- 
spectively ) despite adjustment for age.'? 
Although we could detect no greater 
delay in treatment for men compared to 
women with mammary cancer in our 
hospitals (Table 1), the experience in Phila- 
delphia hospitals as a whole has indicated 
significant delay in diagnosis in 77% of men 
compared to 60% of women, with delays 
of a year or more occurring in almost one 
third of men compared to only one fifth of 
women.? Others have found a worsening 
prognosis to be associated with such in- 
creases in delay and attendant increased 
tumor size and occurrence of ulceration.” 
Variation between the sexes in stage of 
mammary cancer at the time of treatment 
is a critical factor which proves nearly im- 
possible to evaluate. As judged by the 
frequency of radical mastectomy, and by 
the subsequently discovered incidence of 
axillary lymph node metastases, men may 
present for treatment at a slightly more 
advanced stage. Although we found little 
difference in the number of men suitable 
for radical mastectomy at the time of their 
initial examination, others report a con- 
siderably lower rate (Table 2). A source 
of error in these data impossible to assess 
is exclusion from radical mastectomy for 
reasons other than the extent of tumor. The 
incidence of axillary metastases culled from 
prior reports of men undergoing radical 
mastectomy is considerably greater than 
our own (Table 2), but little above that 


TABLE 3. T'en-Year Survival Following Radical 


Mastectomy in Men 
Axillary Lymph Node 
Metastases 
(Histologic) 
Present Absent Overall 
Liechty? 

(1967) 0/9 1/3 1/12 
Haagensen’ 

(1971) 1/9 7/12 8/21 
HUP/VA 0/5 8/11 8/16 
Total 1/23 16/26 17/49 

(13%) (62%) (35%) 


commonly reported for women over the 
past 30 years. 

A tumor arising in the male breast finds 
itself very soon in contact with a number 
of surrounding structures. We have already 
noted the strikingly high incidence of over- 
lying skin involvement and it is equally true 
that extension to underlying structures may 
occur frequently and perhaps earlier in 
the natural history of the tumor as well. 
Women may in a sense be protected for a 
time by the greater mass of tissue interven- 
ing between primary tumor and regional 
node or adjacent non-mammary structures. 
In addition, male mammary tumors are 
necessarily central in location, and it has 
been frequently observed that central or 
medial lesions carry a poorer prognosis in 
the woman than do the more common 
lateral lesions, perhaps because of a higher 
incidence of internal mammary node in- 
volvement. The effect of these factors in 
this small series of cases or in published 
reports is impossible to evaluate, but they 
may well bear on the marked relative 
worsening of prognosis for men once axil- 
lary metastases have occurred. 


Summary 


Experience accumulated over a 25-year 
period with 32 men with mammary cancer 
was analyzed. Their overall survival was 
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47% (15/32) at 5 years and 38% (8/21) 
at 10 years. Of those subjected to radical 
mastectomy, 6396 (15/24) survived 5 years, 
and 5095 (8/16) 10 years. None with axil- 
lary lymph node metastases lived past the 
sixth year, and only one reached the 5-year 
point. Comparison to women concurrently 
treated demonstrated that men were older 
and had a higher incidence of nipple dis- 
charge and nipple or areolar abnormalities. 
Fewer men were found suitable for radical 
mastectomy for both tumor and non-tumor 
related reasons. Available data show a 
poorer prognosis for men than women fol- 
lowing radical mastectomy due principally 
to lower salvage among those with axillary 
lymph node metastases. Additional factors 
adversely affecting overall prognosis include 
treatment at a relatively more advanced 
stage and the greater age and age-related 
mortality characteristic of men with mam- 
mary cancer. 
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Tumor Associated Antigen with Pulmonary Neoplasms 


P. Lo Gerro,* F. P. HEnrER,?? J. Bracn,*** H. J. Hansen f 


THE presence of tumor specific antigen in 
entodermally derived adenocarcinoma and 
fetal gastrointestinal tissue has been reported 
by Gold and Freedman.^»? It has been 
called carcinoembryonic antigen (CEA) 
because of this distribution. The antigen 
has been characterized as a protein poly- 
saccharide complex which is soluble in 
1.0M perchloric acid (PCA) and 50% sat- 
urated ammonium sulfate. Analysis of car- 
bohydrate and amino acid components has 
been carried out by Krupey et al.’ An 
antigen which appears to be identical to 
CEA has been reported by several other 
authors.” * Thomson et al.“ using a radio- 
immunoassay procedure could detect CEA 
in the sera of patients with gastrointestinal 
neoplasms, but not in the sera of patients 
with other types of primary neoplasia. 

Using amodified radioimmunoassay which 
detects an ion sensitive site on CEA, pre- 
liminary investigations in this laboratory 
indicate that the antigenic site is present 
in the sera of patients with a wide variety 
of neoplasms, including those primaries in 
the lung.? 1° 
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The antigen we are looking at has been 
called tumor associated antigen and has an 
antigenic site in common with CEA. It dif- 
fers from CEA in several respects since it 
is not specific for entodermally derived neo- 
plasms and can be found in normal tis- 
sue.* 5? 


Materials and Methods 


All patient materials included in this 
study came from the Surgical Service at 
Columbia Presbyterian Medical Center in 
New York. When possible blood specimens 
were obtained prior to operation. Testing 
was done on serum in the first half of the 
study and on plasma collected in tubes con- 
taining ethylene diamine tetra-acetate diso- 
dium salt [EDTA(Naz)] in the latter half. 
The blood was processed within a few hours 
of drawing; serum and plasma were frozen 
at —4? C. and held for testing. Serum and 
plasma can be stored in the refrigerator at 
5° C. for at least 3 weeks without loss of 
activity. Plasma collected from normal 
healthy individuals in tubes containing 
EDTA(Nas) gave more reproducible titra- 
tion curves with less variation among 
samples. 

A 3.0 ml. aliquot of 2M PCA was added 
to 5.0 ml. aliquots of serum or plasma while 
agitating the specimen on a Vortex mixer. 
Later in the study, when I! CEA of higher 
specific activity was prepared, it was pos- 
sible to use 2 ml. of plasma and 3 ml. of 
saline in place of 5 ml. of plasma. These 
mixtures were allowed to stand at room 
temperature for 15 minutes, then mixed 
again and allowed to settle. The mixtures 
were centrifuged and the supernatants were 
dialyzed for 36 hours in 25 liters of dis- 


COUNTS X75 X 10? PER MINUTE 





long 20ng 
NANOGRAAS OF CEA ADDED PER 
AAILLILITER OF PLASMA EXTRACTS 


Fic. 1. Standard inhibition curve using anti- 
CEA antisera concentration 1:70,000 and CEA T”. 
The reaction was carried out in 6 ml. of plasma 
extract. Values of CEA/ml. are expressed on ab- 
scissa. 


tilled water at room temperature. The dialy- 
sis bath was changed 5 times during a 24- 
hour period. The nondialysable residue was 
then used for testing. All specimens were 
run in duplicate. 

The CEA used in this study was obtained 
from Dr. Krupey at McGill University in 
Montreal. We have prepared small amounts 
of our own material by methods similar to 
those used by Krupey but have not used it 
for testing patients. 

Goat antiserum (G-23) mono-specific 
for TAA was obtained from Hoffmann-La 
Roche Inc. and has been described else- 
where.’ 

J75 labeled CEA was prepared by the 
method of Hunter and Greenwood.’ The 
final reaction mixture contained: 100 pg. 
chloramine T., 0.5 mg. CEA and 5 mo. P” 
in a total volume of 0.5 ml. Later in the 
study, we used 75 ug. of CEA in place of 
0.5 mg. which gave us material of higher 
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specific activity, this allowed us to use 2 ml. 
of plasma instead of 5 ml. without loss of 
sensitivity. The reaction was allowed to pro- 
ceed for 1 minute at room temperature and 
then stopped by adding 240 sodium meta- 
bisulfite. This preparation was immediately 
run through a Sephadex C-100 column with 
0.05M phosphate buffer, pH 7.4. Break- 
thrcugh specimens were collected and di- 
luted in borate buffer with 1096 normal 
goat serum added. 

Zirconyl phosphate gel (Z-Gel) was pre- 
pared according to the method of Hansen, 
Miller and Tan,’ and adjusted to pH 6.0. 
This gel binds gamma globulin and other 
proteins with iso-electric points greater than 
6.0. An ammonium acetate solution (0.1M 
Ac), pH 6.0 was prepared by adjusting the 
pH of 0.1M acetic acid to 6.0 with concen- 
trated ammonium hydroxide. A 0.05M solu- 
tion pH 6.8 was made in the same manner. 

A dilution curve of G-23 antiserum against 
a constant amount of CEA I}? was plotted 
using nondialysable residues of PCA serum 
extracts to which 1 ml. of acetate solution 
(0.05M, pH 6.8) had been added. The 


UNDIFFER- |! 
ENTIATED — i 





WANOGRAMS OF TAA ABOVE NORMAL RANGE 


Fic. 2. Groups of patients with various diseases 
and individual values of plasma TAA above normal 
for eaca patient in the group expressed in nano- 
grams per ml. of plasma. 
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tubes were then placed in.a water bath at 
45? C. for a half hour, After incubation of 
the mixture, 5 ml. of (0.1M pH 6.0) NH,Ac 
solution and 4 ml. of Z-Gel were added to 
each tube and the tubes were capped and 
inverted several times. Tubes were then 
centrifuged at 3,000 r.p.m. for 15 minutes 
and the supernant was discarded. The gel 
pellet was resuspended in 10 ml. of NH,Ac 
solution, recovered by centrifugation and 
assayed for CEA bound P in a gamma 
scintillation counter. 

À standard curve was carried out by add- 
ing known amounts of unlabeled CEA to 
6 ml. of the non-dialysable residues. Acetate 
solution (1.0 ml. 0.05M pH 6.0) and the 
appropriate dilution of G-23 antiserum was 
added to each tube and incubated in a 
water bath at 45? C. for a half hour. Then 
00.1 ml of CEA P= containing 24,000 
c.p.m. was added to each specimen. The 
tubes were agitated well and reincubated 
for a half hour. The NH,Ac solution (5.0 
ml. 0.1M pH 6.0) and Z-Gel (4.0 ml.) were 
then added to each tube. The tubes were 
capped, inverted several times and centri- 
fuged at 1,200 x g. for 15 minutes. The 
supernant was discarded and the gel pre- 
cipitate was resuspended in 10 ml. NH,Ac 
solution (0.1M pH 6.0). The gel was sep- 
arated by centrifugation and assayed for 
CEA bound I??5, Plasma specimens from pa- 
tients were prepared in the same manner 
except that unlabeled CEA was not added. 

Lung and colon extracts were prepared 
by homogenizing 5 to 8 Gm. of normal tis- 
sue obtained at autopsy, with 5 ml. of dis- 
tilled water in a tissue homogenizer. The 
tubes were spun at 3,000 r.p.m. for 10 min- 
utes and 1 ml of the supernant was ex- 
tracted with 6 ml. of 0.90M PCA. Both 
lungs and the gastrointestinal tract from the 
duodenum to the distal colon of fetuses ob- 
tained from abortions were treated in the 
same manner. Analysis of these extracts was 
then carried out as previously described for 
the plasma extracts. 


TABLE 1. Incidence of Elevated TAA Levels in Patients 
with Various Types of Lung Carcinomas 


No. 
Patients 
with 
No. Elevated 
Patients Levels 
Types of Lung Carcmomas Studied of TAA 
Squamous cell 38 30 
Oat cell 10 7 
Adenocarcinoma 9 5 
Undifferentiated type 4 2 
Results 


The antisera dilution curve obtained by 
titration of G-23 antiserum against a con- 
stant amount of CEA-1*^ is similar to that 


. previously described.'? Approximately 75% 


of the I:?5 labeled protein reacted with the 
antiserum. A final dilution 1:10,000 of the 
anti-CEA sera in the PCA extracts from 
serum reacts with 70% of the maximum 
amount of the I?" CEA antibody reactive 
material. This dilution of G-23 was used 
throughout this study. 

Incubation of G-23 antiserum (1:10,000) 
with unlabeled CEA prior to addition of 
CEA. I! is shown in Figure 1. The reac- 
tion of antigen with antibody is linear con- 
centrations from 1.5 to 10 ng./ml, and the 
reaction was less sensitive above 20 ng./ml. 
suggesting heterogenity of either antisera 
or antigen. 

The results obtained using this assay 
method and the sera of patients with pul- 
monary diseases are shown in Figure 2. The 
levels of TAA are arbitrarily expressed in 


TABLE 2. 
Jo 
Undergoing 
No. Thora- 
Level of TAA/MI. Patients cotomy 
Less than 8 nanograms 21 50% 
Greater than 8 nanograms 25 20% 
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TABLE 3. TAA Levels in PCA Extracts of 
Fetal Lung or Colon Tissue 


Nanograms 
TAA/Mg. 
Fetal Lung Nanograms TAA/Mg. 
Fetal Age PCA Gastrointestinal PCA 
in Weeks Extract Extract 
16 0 greater than 1,600 
12 0 greater than 1,100 
12 0 greater than 2,000 
10 0 greater than 2,000 


terms of CEA by weight. Using this meth- 
odology, the normal range of TAA in plasma 
is from 0 to 2.5 ng./ml. This range varies 
slightly depending on the preparation of 
the CEA used. No normal subjects had ele- 
vated levels of TAA. 

Among a group of 68 patients hospital- 
ized for pulmonary diseases other than neo- 
plasms, there were 42 (35 s + 7 p) patients 
with severe emphysema, 10 (10 p) patients 
with tuberculosis, 12 (1 s+ 11 p) with 
pneumonia and 4 (4 p) with pulmonary 
abscess. Elevated levels of CEA were ob- 
tained in five. These elevations were noted 
when the determinations were done on se- 
rum. More recent data would suggest that 
this also occurs on plasma specimens. 

The percentage of elevated TAA values 
obtained in the various types of pulmonary 
neoplasms is presented in Table 1. Elevated 


TABLE 4. TAA Levels in PCA Extracts of Normal 
Lung or Colon Tissue 


Nanograms/Mg. Nanograms/Mg. 


Specimen of PCA Lung of PCA Colon 
Numbers Extract Extract 

1 100 2,000 

2 120 1,800 

3 85 2,400 

å 140 2,100 


5 greater than 50 greater than 1,000 
6 greater than 50 greater than 1,000 
7 greater than 50 greater than 1,000 
8 greater than 50 greater than 1,000 
9 greater than 50 
10 greater than 50 


Ann. Surg. * April 1972 
Vol. 175 * No. 4 


levels were found in 30 (20 s+ 10 p) of 
38 (26 s + 12 p) with squamous cell car- 
cinoma, 7 (2 s+5 p) of 10 (2 s-- 8 p) 
with oat cell carcinoma, 5 (4 s + 1 p) of 9 
(7 s+2 p) with adenocarcinoma and 2 
(2p: of 4 (2s-- 2p) with undifferentiated 
carcinoma. 

In general the patients with more ad- 
vanced lesions had higher levels of TAA. 
This is illustrated by the results in Table 2. 
Thoracotomies were preformed on 50% of 
21 petients with CEA levels below 8 ng./ 
ml.; -he remaining 50% were considered 
clinically inoperable. The diagnosis was 
made by biopsy at bronchoscopy or by 
scalene node biopsy. Where the CEA levels 
were above 8 ng./ml., only 20% of the pa- 
tients were deemed operable and they un- 
derwent thoracotomy. 

Gcld’s previous discovery of this antigen 
in the fetal gastrointestinal tract, prompted 
us to look for TAA in fetal lung tissue. The 
fetused examined were between 10 and 16 
weeks of age. None of the lungs contained 
TAA. All the gastrointestinal tracts from 
the same fetuses contained TAA. 

Studies were then carried out on pulmo- 
nary and colon tissue obtained at autopsy 
from adults dying with benign disease. The 
results are shown in Table 4. Antigen was 
found in all 10 of these normal lungs. It 
shoulc be emphasized that all of these mea- 
surements are made by radioimmunassay 
and the relationship of the precipitin lines 
demorstrated by Ouchterlony plates, al- 
though probably identical, is not proven. 
To daze we have not been able to demon- 
strate by Ouchterlony plates precipitin lines 
from concentrated PCA extracts of pulmo- 
nary tissues and it is probably related to 
the amounts present. Weak precipitin lines 
are ecsily demonstrated against concen- 
trated normal colon PCA extracts which 
show z line of identity with CEA but this 
does not imply that the antigens are iden- 
tical only closely related for example like 
the Ig G sub groups. 
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Discussion 


We have previously demonstrated the 
value of the TAA assay in detecting pri- 
mary gastrointestinal neoplasms.’ The re- 
sults presented here show that in a high 
percentage of patients the diagnosis of pul- 
monary neoplasia can also be made by this 
assay. In our previous publication a signifi- 
cant number of patients, ie., breast and 
prostate, gave elevated levels of TAA; in 
essentially all these cases however, the neo- 
plasms were far advanced and were clin- 
ically obvious. Patients with pulmonary 
and gastrointestinal neoplasms differ from 
those with breast and prostate neoplasms in 
that relatively early lesions are detectable 
while the more advanced tumors in the 
latter tended to give higher levels of TAA.” 
The percentage of positive results in any 
series will vary considerably depending on 
the selection of patients since those with 
metastatic disease generally have elevated 
levels of TAA. 

The elevated levels initially obtained in 
some patients with benign disease are con- 
fusing but is not related to the use of serum 
rather than plasma early in the study, since 
more recent studies would indicate that this 
also occurs with plasma. The assay em- 
ployed here is extremely sensitive to heavy 
metals, including calcium, iron and lead, 
and the use of a chelating agent in collect- 
ing specimens may prevent some of the non 
specific inhibition of the reaction by these 
heavy metals. It is possible of course, that 
some of these patients may be harboring 
occult neoplasms. However, they have been 
throughly examined and followed for pe- 
riods longer than 6 months without evi- 
dence of neoplastic disease. 

Dr. Gold recently reported that 28 pa- 
tients with elevated levels of CEA were 
thought to have benign disease, 18 were 
later found to have gastrointestinal neo- 
plasms.? So far we have had this occur with 
only two patients—one with a lung car- 
cinoma and another with a hepatoma. 


The presence of this antigen in the tissue 
of normal lungs and colon indicates that 
we are looking at an antigen which is dif- 
ferent ‘rom that described by Gold and 
Freedman although obviously containing a 
common antigenic site. The method used 
here, however, is a great deal more sensi- 
tive than that used by Gold and Freedman 
in their own original studies and may ac- 
count for the differences. 

It is evident from our work that levels 
of TAA are very low in normal tissue, and 
there are much lower levels in PCA extracts 
of normal colon than in neoplastic tissue. 
The concentration in normal lung of TAA 
is only 35, that in the normal colon, which 
in turn is only 4% that in an adenocar- 
cinoma of the colon. Demonstration of pre- 
cipitin lines against normal lung would re- 
quire a very concentrated perchloric acid 
extract, and at high concentration the valid- 
ity of any lines formed would be ques- 
tionable.*+ 1? 

It is possible that this antigen is a break- 
down from a normal tissue antigen created 
during extraction procedure. Hydrolysis of 
sugar moities from the poly saccharide chain 
could conceivably modify the antigenicity 
of a normal tissue antigen. Extensive purifi- 
cation and analysis hopefully, will show 
some Cifference among the substances ob- 
tained from different organs which might 
result in the production of organ-specific 
antisera. 

Elevated levels of TAA in the plasma of 
patients with carcinoma may be related to 
the large amount of antigen produced by 
the tumor. However, an appealing hypothe- 
sis is that this material, which is present in 
cells, and normally excreted into the lumen 
of the gastrointestinal tract or bronchus, 
does not appear in the circulation until the 
cells become neoplastic and invade normal 
tissue resulting in an uptake of the secreted 
material by the circulation. 

The value of this method as a primary 
screening procedure for carcinoma remains 
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to 


be proved, as almost all the patients in- 


cluded here were hospitalized because of 
suspicious history or routine chest x-ray. 
Hopefully, this assay will be of some benefit 


in detecting patients with an occult car- 
cinoma. 
Nomenclature 
CEA carcinoembryonic antigen 
EDTANas ethylene diamine tetra acetate disodium salt 
G-23 goat #23 antiserum 
M molar 
mc. millicurie 
mg. milligram 
ml. milliliter 
ng. nanogram 
NH4Ac ammonium acetate 
p plasma 
PCA perchloric acid 
r.p.m revolutions per minute 
s serum 
TAA tumor associated antigen 
ng. microgram 
Z-Gel zirconyl phosphate gel 
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Granular Cell Myoblastoma: 


A Comprehensive Review of 15-Years Experience 


Davi L. PASKIN, M.D., James D. Hur, M.D., Perer J. Cooxson, M.D. 


From the Departments of Surgery and Pathology, Pennsylvania Hospital, 
Philadelphia, Pennsylvania 19107 


GRANULAR cell myoblastoma is a tumor 
which was first described by Abrikossoff in 
1926, Since that time, there have been less 
than 1,000 cases reported. A recent case at 
this institution of multiple granular cell 
myoblastomas in a patient, both in ex- 
tremely rare positions, the esophagus and 
main stem bronchus, prompted a review of 
our past 15-year experience. 


Material 


Thirty-two patients were treated at Penn- 
sylvania Hospital for granular cell myo- 
blastoma in the 15-year period beginning 
in July, 1955, and extending through June 
30, 1970. Thirteen patients were male, and 
19 patients were female. Patients’ ages 
ranged from 4 days to 66 years with an 
average age of 36 years. Multiple tumors 
occurred in two patients, one a male, one 
a female. There was a total of 35 lesions. 
Thirteen lesions occurred on the skin, of 
which one was on the scrotum and four on 
the labia; nine on the tongue; three in the 
oral mucosa; three in the breast; two in the 
stomach; two in the bronchi; one in the 
colon; one in the esophagus; and one in 
the common bile duct. The occurrence in 
the common bile duct has been previously 
reported.” 


Submitted for publication May 20, 1971. 
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Case Report 


Q. T.—#061365. The patient was admitted to 
Pennsylvania Hospital on 2/3/70. The chief com- 
plaint was a 2-day history of severe submammary 
pain, pleuritic in nature, and hemoptysis. Previous 
to this, she was being treated for mild hyperten- 
sion and diabetes mellitus. Physical examination 
revealed the following: blood pressure of 150/100 
mm, Hg, and tenderness over the left 5th costo- 
chrondral junction with fine rales over the left mid 
chest posteriorly. Chest x-ray and a lung scan 
were normal. Bronchoscopy revealed an inflamma- 
tory proliferation of the mucosa of the right main 
stem bronchus which proved to be granular cell 
tumor. The patient was discharged at this time 
and readmitted 12 days later on February 24 for 
definitive treatment of the granular cell tumor. 
Preoperative pulmonary function studies revealed 
mild restrictive and mild obstructive pulmonary 
disease. On February 26, a right thoracotomy was 
performed. The patient had an olive-shaped tumor 
with the major portion outside the bronchus of 
the right lung, but not attached to any other struc- 
ture. It was smooth, and a wedge-shaped sleeve 
resection was performed on the right intermediate 
bronchus grossly encompassing the tumor with a 
reasonable margin. The bronchus was then ap- 
proximated in an end-to-end fashion. Final patho- 
logic report confirmed the diagnosis of granular 
cell tumor; and because the tumor reached the 
margins of the specimen, completeness of excision 
was not certain. The postoperative course was com- 
plicated by a right middle lobe atelectasis and 
pneumonia which eventually responded to appro- 
priate treatment. On March 10, 1970, chest x-ray 
was normal. The patient was followed in the out- 
patient clinic from 3/17/70 to 9/2/70. Chest x-ray 
repeated on multiple occasions continued to be 
within normal limits. However, during this time 
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the patient complained of frequent nausea and 
vomiting and an upper GI series was performed, 
At this time, a lesion of the mid-esophagus, which 
appeared to be extrinsic to the esophagus, was 
seen. She was, therefore, admitted to the hospital 
for the third time on September 2, 1970, and on 
September 4, bronchoscopy and esophagoscopy 
were performed. At bronchoscopy, the area of 
anastomosis was visualized, The bronchus was pat- 
ent with no evidence of recurrence of tumor. At 
esophagoscopy, a lesion at 27 cm. was biopsied. 
The pathologic diagnosis was chronic esophagitis. 
The patient was discharged and re-admitted to the 
Hospital on September 13. Because of the high sus- 
picion that this lesion might be granular cell myo- 
blastoma of the esophagus, the patient underwent 
repeat esophagoscopy with biopsy. The pathologic 
diagnosis was granular cell tumor. It was 1 cm. in 
size. The lesion was located between the mucosal 
and muscularis coats of the esophagus without ap- 
parent involvement of either layer. During this ad- 
mission, a thoracotomy was again performed and 
the lesion was removed from the esophagus in a 
wedge fashion and primary closure of the esoph- 
agotomy was performed. Pathologic diagnosis was 
granular cell tumor. Postoperatively the patient 
had right pleural effusion and bilateral pneumonitis 
which responded to appropriate therapy. Swallow- 
ing function on October 14 showed the esophagus 
to be normal, At this time, the patient is asymp- 
tomatic with no evidence of recurrence of either 
the bronchial or esophageal granular cell myo- 
blastoma. 


Discussion 


Since Abrikossoff + first described granu- 
lar cell myoblastoma in 1926, there has been 
much dispute about the etiology of this tu- 
mor. Abriskossoff believed it to be a tumor 
of myogenic origin. This theory was popular 
for sometime. In 1962, Fisher and Wechsler 
challenged it. Having used electron micros- 
copy and wallerian degeneration studies, 
they indicated “identifiable non-medullated 
axons and structures clearly resembling de- 
generative forms of myelinated axons ob- 
served in the cytoplasm of tumor cells.” 
Wallerian studies revealed similarities be- 
tween the degenerating Schwann cell and 
the myoblastoma cell? Previous to this in 
1950, Pearce stated that histochemical analy- 
sis of the cells revealed sphingomyelin-like 
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material which is the biochemical precursor 
of myelin in neurogenic tissue.? In 1955, 
the neurogenic origin of the lesion was sup- 
ported by Davis and Butt* who noted a 
similarity between myoblastoma cells and 
neurohypophyseal cells which are both de- 
rived embryologically from neuroectoderm. 
Moscovic and Azar? in 1967 disputed the 
neuro-ectodermal theory of granular cell 
tumors because in reviewing 36 cases of 
multiple tumors, it was found that 16 oc- 
curred in Negroes, They felt that this lent 
support to their theory of mesenchymal 
derivation of granular cell tumors since in 
Negroes the potential for mesenchymal tis- 
sue to be more reactive is evidenced by the 
high incidence of keloids and uterine myo- 
mata? Most pathologists and oncologists 
today are in accord with the theory that 
granular cell tumors are indeed neural in 
origin. 

Granular cell myoblastoma is believed to 
be a benign lesion; however, there is one 
report by Crawford and DeBakey ? in 1953 
of a 50-year-old Negro woman who had 
primary disease in the breast and at the 
time of autopsy had metastases to the liver, 
lung, and retroperitoneal lymph nodes. This 
is the only case to our knowledge of meta- 
static granular cell myoblastoma. 

Ths distribution of lesions is characteris- 
tic. The tongue is the most frequent loca- 
tion. Vance and Hudson, in reviewing 
their experience in 1969, found that 2596 
of ths lesions in their series were on the 
tongre. The next most common location is 
the breast where seven of 52 lesions oc- 
curred. The rest were scattered through the 
neck, vocal cords, trachea, bronchus, chest 
wall, back, axilla, upper extremity, abdom- 
inal wall, anogenital region, and lower ex- 
tremity. The total number of lesions re- 
ported in their series was 62 occurring in 42 
patients, They report a 1496 multiplicity 
rate.'? In this series, skin lesions were most 
common with the tongue being second and 
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the lesions of the breast being third most 
prevalent. Two of 32 patients in the present 
series had multiple lesions. The case re- 
ported is the first patient in the literature 
with separate lesions in the esophagus and 
bronchus. 

Treatment of granular cell myoblastoma 
is usually by local excision. In this series, 
this was the treatment of choice, though 
follow-up is not complete. There was no evi- 
dence of metastatic disease from any granu- 
lar cell tumor. The patient discussed was 
treated by two local excisions, one in the 
bronchus and one in the esophagus. 

Abrikossoff ? in 1931 described the first 
granular cell myoblastoma of the esophagus. 
Stout and Lattes ° added the second case 
to the literature of an esophageal lesion. 
In 1960, the third case was added by De- 
Goriveia et al.5 In their patient, the lesion 
was resected and the patient did well. 
Gallia £ in 1968 stated that the esophageal 
Jesion is not radiosensitive. Flege and Ed- 
monds 7 in 1969 reviewed the literature for 
esophageal granular cell myoblastoma and 
added a case of their own bringing the total 
number to ten. These authors recommended 
local excision for these lesions. The case re- 
ported herein adds the llth case to the 
world of literature which was successfully 
treated with local excision. 

Bronchial tumors are rare. In 1970, 
Symbas et al2* added three patients of 
their own and brought the total number of 
cases to 41 of myoblastoma of the bronchi. 
Since that time, three more cases have been 
reported by Ostermiller et al.” bringing the 
total to 44 cases. The above groups of 
authors believe that the treatment of choice 
is sleeve resection; or if the pulmonary tis- 
sue distal to the lesion is irreparably dam- 
aged, lobectomy or even pneumonectomy is 
the treatment of choice. The present case is 
the 45th of an endobronchial granular cell 
myoblastoma. 


Granular cell tumors of the breast present 
the problem of differentiation between it 
and carcinoma. Mulcare * reports 15 cases 
of granular cell myoblastoma of the breast 
of which 14 occurred in women. All were 
treated by wide local excision except one, 
in whom it was incidentally found in a rad- 
ical mastectomy specimen. All of these pa- 
tients did well. The authors make a point 
of the differential diagnosis between this 
and carcinoma and state that many times it 
was difficult on frozen section to do this. 
The lesion in all instances was firm. Their 
range of follow-up is one month to 31 years 
with no signs of recurrence or subsequent 
de novo appearance of granular cell myo- 
blastomas.*° Vidyarthi'* in 1969 also re- 
ported the difficulty of diagnosis of granu- 
lar cell myoblastoma of the breast and its 
differential from carcinoma. He also states 
that mammographic evidence of this lesion 
may closely resemble that of carcinoma. 
This author has found that frozen section 
diagnosis is reliable. 


Summary 


Granular cell myoblastoma is a rare le- 
sion which is more than likely of neural 
origin. It most commonly occurs on the 
tongue and skin; however, multiple cases 
have been reported in other areas. This re- 
port has presented the llth occurrence of 
esophageal granular cell myoblastoma and 
the 45th occurrence of endobronchial gran- 
ular cell myoblastoma. Both lesions were 
effectively treated by wide local excision. 
They both occurred in one patient from a 
series of 32 patients with 35 lesions in a 
15-year period. Treatment of esophageal, 
endobronchial and breast granular cell myo- 
blastomas is discussed. 
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The Use of Diuretics in the Treatment of 
Early Wet Lung Syndrome 
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WET LUNG syndrome (WLS) has been 
described in three consecutive wars, and in 
civilian practice as well: ? 3 .9. 19,15 All of 
the patients so classified have suffered major 
insults of some sort, either traumatic or sur- 
gical. Whatever the nature of the injury and 
regardless of the postulated mechanism, 
clinical, isogravimetric, and isotopic tech- 
nics have confirmed the apparent increase 
in pulmonary interstitial fluid in all cases 
studied.” 8, 11, 14, 16 

Doty and Moseley? studying combat 
casualties in Vietnam, reached the conclu- 
sion that in many instances WLS may be 
the result of excessive fluid given during 
resuscitation. Certainly, most patients who 
develop WLS have received large volumes 
of fluid and/or colloid,’ and it may be dif- 
cult or impossible to determine the volume 
of fluid lost. 


Materials and Methods 


During the period 1 January 1970-1 July 
1970, the 24th Evacuation Hospital, Long 
Binh, Vietnam, performed 2,602 major op- 
erations on more than 2,000 patients, of 
whom 128 received postoperative ventila- 
tory assistance for more than 24 hours. As 
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part of another study, all patients on res- 
pirators were monitored with determina- 
tions of arterial gases, minute ventilatory 
volume, tidal volume, and peak inspiratory 
pressure. From these values, effective pul- 
monary compliance was routinely calcu- 
lated.*4» 12? All determinations were per- 
formed twice daily for 2 days, then daily 
for 3 days, then every other day. 

Patients were selected for study when a 
diagnosis of WLS was made based upon the 
presence of all of the following criteria: 


A. A significant decline in arterial Pos. 

B.-A significant decline in pulmonary 
compliance. 

C. X-ray evidence of increased interstitial 
pulmonary fluid bilaterally. 

D. No thoracic injury. 

E. No other apparent cause for the 
changes noted such as fat embolism or 
respirator changes. 


All 10 patients in this study were receiv- 
ing long-term ventilatory support via tra- 
cheostomy, and all had positive tracheos- 
tomy cultures, usually Klebsiella aerobacter 
and/or Pseudomonas aeruginosa. All were 
receiving antibiotics, including penicillin. 
The Emerson volume-limited respirator was 
used for eight patients; and the Bennett 
PR-2, a pressure limited model, was used 
for two patients. 

All 10 patients had audible rales and two 
patients were in pulmonary edema. Periph- 
eral edema was not seen. Because the mag- 
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Fic. 1. Pulmonary compliance is shown on the 
day prior to diagnosis of WLS, at the time of 
diagnosis of WLS [mus and 114-2 hours after WLS, 
apy. All ten patients show a decrease with WLS, 
and all show a rise following therapy. Normal for 
adult males is 40-50 cc./em. H;O. 


nitude of loss could only be crudely esti- 
mated, fluid balance in these patients was 
difficult to assess. The large total fluid vol- 
umes used in resuscitation and initial opera- 
tion for five of the 10 patients plus fluid 
balance from the time of operation until 
the onset of WLS, are shown in Figure 5. 
The figure shows that the volume used in 
resuscitation ranged from 6,500 to 16,000 
cc, averaging just over 11,000 cc. There- 
after, four of the five patients were in posi- 
tive fluid balance each day until onset of 
WLS. 

The onset of WLS occurred 2-15 days 
after injury with a median of 4.5 days. 
Upon diagnosis of WLS all but one patient 
had CVP measured. Furosemide 40-80 mg. 
was then administered intravenously. One 
patient received 40 mg. Furosemide plus 
25 mg. ethacrynic acid. Urine volume was 
measured over the next 2 hours and all 
determinations were repeated 114-2 hours 
following therapy. 

Respirator settings and inspired gas mix- 
ture, previously selected by the responsible 
surgeon according to the needs of the in- 
dividual patient, remained constant for each 
patient throughout the study. 
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Results 


Every patient treated responded with a 
dramatic increase in compliance within 115 
to 2 hours, as shown in Figure 1. This im- 
provement was accompanied in every in- 
stance by an increase in arterial oxygena- 
tion without adjustment of the respirator 
or Os concentration. These changes are 
shown in Figures 2 and 3. 

The CVP averaged 6.4 cm. saline pre- 
treatment, with a range of 3.5-8.5. There 
was no significant change in CVP follow- 
ing therapy. Two patients had pulmonary 
edema with superior caval pressures of 7.5 
and 8.0 cm. of saline. 

The urine output for the 2 hours after 
administration of the diuretic averaged 
2,165 cc. with a range of 1,155-3,800 as 
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Fis. 2. Arterial Poa is shown to have the same 
pattern as compliance. All 10 patients show a de- 
creasec Po, with WLS and an increase after 
therapy. 
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Fic. 3. The magnitude of the decrease in Pos 
with WLS is shown in black, and the increase after 
therapy is shown in white. Eight of ten patients 
had Pos below 80 mm. Hg. with WLS, and nine 
of ten rose to greater than 100 after therapy. 


shown in Figure 4. Both of the patients in 
pulmonary edema cleared their edema and 
in seven of the remaining eight patients the 
rales decreased. The patient in whom no 
change in rales was noted had considerable 
superimposed pneumonitis, and the rales 
persisted at a moderate level in this pa- 
tient. Two patients were retreated for 
similar problems 1 and 4 days later, again 
with similar results. 

Figure 5 shows the fluid balance for the 
five patients on whom accurate figures could 
be obtained. The large volume of fluid re- 
quired for resuscitation and operation pre- 
cluded accurate knowledge of the state of 
hydration of these patients. Nevertheless, it 
is evident in Figure 5 that the daily intake 
of over 3,000 cc., much of it as Ringer's 
solution, produced a steadily increasing 
fluid load in at least four of the five pa- 
tients, Since these patients were located in 
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airconditioned wards, insensible loss should 
not be abnormally high. 

Seven patients treated for WLS in this 
study were long-term survivors. Each was 
alive and well 1 week following removal of 
the tracheostomy tube, and was breathing 
spontaneously on room air alone with ar- 
terial Pog greater than 80 mm. Hg. Several 
had incompletely healed extremity wounds 
when lost to follow-up, but these were well 
past their respiratory problems. 

Three of the patients in this study died. 
One died 12 days aftex therapy for WLS of 
his severe head injury and bleeding stress 
ulcer. One died 5 days after therapy of 
necrotizing pneumonitis due to staphylo- 
coccus. The third death occurred 1 day 
after therapy of generalized sepsis due to 
Pseudonomas aeruginosa. Autopsies of these 
latter two patients showed severe pneu- 
monitis and negative fat stains. 

At the 24th Evacuation Hospital prior to 
this study, there had been an average of 
just over 2 deaths per month attributed to 
WLS. During the 6 months of this study, 
and the 3 months following, there were no 
deaths in this hospital attributed to WLS. 
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Fic. 4. The urine output is shown for each pa- 
tient during the 2 hours following therapy. All out- 
puts exceed 1,000 ml., and the mean is 2,165 ml. 
The doses of Furosemide are shown at the bottom 
of the figure. Patient 5 received 40 mg. Furosemide 
plus 25 mg. ethacrynic acid. g 
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Fic. 5. The fluid balance from admission until 
d:agnosis of WLS is shown for the five patients on 
whom data are available. The large volumes of 
fluid used in resuscitation are shown. The markedly 
positive fluid balance for four of the five is also 
apparent. 


Strong diuretic therapy had been pre- 
viously applied in 2 cases of “pump lung” 
following open-heart surgery, with similarly 
beneficial results. 

Diuretic therapy was used in three cases 
of blast injury of the lung, an interstitial 
hemorrhage caused by the overpressure as- 
scciated with a large blast, without demon- 
strable benefit to the patient. 


Discussion 


Both WLS and pulmonary edema oc- 
curred in these young patients in the pres- 
ence of normal CVP. Furthermore, the vol- 
ume of fluid administered initially was de- 
termined when the magnitude of blood loss 
was unknown or only crudely estimated and 
the patient was vasodilated with Halothane 
anesthesia. The accumulation of excess fluid 
may occur if CVP alone is relied upon as a 
guide to fluid replacement. 

The response of these patients to diuretic 
therapy would seem to confirm the hypothe- 
sis that fluid overload is a significant factor 
in WLS. The median interval of 4.5 days 
between resuscitation and the onset of WLS 
suzgests that WLS is not a simple fluid 
overload problem. The other factors in the 
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etiology remain to be clarified. Fluid and 
electrolvte shifts seem likely as vascular tone 
is regained following anesthesia. Changes 
in capillary permeability have been sug- 
gested,* and left ventricular failure is a pos- 
sible factor. Prolonged shock, sepsis, and 
toxirs associated with massive tissue de- 
struction are all potential causes of such 
changes. Pressure measurements in the pul- 
monary artery and left atrium would help 
to cistinguish between various possible 
mechanisms. However, these were not 
found feasible in a combat zone. Anti- 
diuretic hormone, pulmonary extravascular 
water, and transthoracic impedance were 
not measured in these patients, though such 
measurements might prove helpful in defin- 
ing the mechanism of WLS. 

For clinical use, the routine measurement 
of effective pulmonary compliance was 
found to be rapid, simple, safe, and highly 
effective in the early detection of WLS. 
Strong diuretics were found to be both 
rapid and effective in treating WLS, pro- 
ducirg prompt improvement in both com- 
plianze and arterial oxygenation. 


Conclusions 


l. Ten patients showed a marked de- 
crease in pulmonary compliance and ar- 
terial Pog with the onset of WLS. 

2. The CVP may remain normal in WLS, 
even in the presence of frank pulmonary 
edema. 

3. Treatment with Furosemide resulted 
in a marked increase in both pulmonary 
compliance and arterial Pos within 142 
hours in all patients. 

4, The fluid balances and urinary re- 
spons2s to Furosemide suggest that over- 
hydration may be the etiology, or at least 
a necessary component, of WLS. 

5. Therapy with Furosemide is probably 
bene‘cial in “pump lung,” but is not bene- 
ficial -n blast injury of the lung. 

6. The routine measurement of pulmo- 
nary compliance is suggested as a simple, 
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For many patients, the discomfort asso- 
ciated with the presence of a nasogastric 
tube remains as the only unpleasant memory 
of their surgical hospitalization. This ther- 
apeutic measure has come to be accepted 
as a worthwhile effort in the prevention or 
management of postoperative ileus. In this 
age of electrically stimulating organs which 
are not functioning as they should, it is not 
surprising to find some surgeons treating 
this problem by sending electrical currents 
to the stomach via the indwelling tube.* 
18,34 On the other hand, reports are pub- 
lished intermittently which indicate that 
satisfactory results can be obtained after 
various operations, when nasogastric tubes 
are not used.??: ?? $5, 54 Thus, the question is 
being raised repeatedly by a small number 
of surgeons concerning the need for treat- 
ing postoperative ileus. 

Does postoperative ileus really exist, and 
if so, what are the current, popular views 
zs to its cause, duration and portion of the 
gastrointestinal tract that is involved? It 
would be laborious to poll a large number 
of surgeons throughout the country con- 
cerning their answers to these questions. 
Some insight into contemporary opinions 
may be obtained by reviewing the ideas 
expressed in several popular textbooks of 
surgery. This information is recorded in 
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Table 1. Most authors believe that ileus 
occurs after operation and lasts from 1 to 
3 days. Nasogastric intubation is recom- 
mended by four of the six authors, while 
one uses this measure only if vomiting or 
distention occurs. A variety of causes are 
suggested, the most important one being 
that of handling the intestine at operation. 
However, the part of the gastrointestinal 
tract taat is paralyzed is not clearly identi- 
fiec. In the American College of Surgeons’ 
manual on pre and postoperative care * 
an example may be found of the type of 
statements repeated in many surgical texts 
anc published articles. Here it is stated that, 
“ileus following intra-abdominal and retro- 
peritoneal trauma and operative procedures 
is a physiologic response which is to be 
anticipated.” 

The evidence for this well accepted con- 
cept appears to depend on the observations 
that abdominal distention occurs often in 
the immediate postoperative period, bowel 
sounds are not heard, and passage of flatus 
or stool is delayed for several days. Because 
of these common findings, the deduction is 
made that the gastrointestinal tract is par- 
alyzed after operation. When more direct 
studies are carried out, such as intraintes- 
tinal pressure measurements ** *' or the pas- 
sage oz radiographic material through the 
intestine,5? 39,55. ? the conclusions appear 
to favor the view that recovery of gastro- 
intestinal activity after operation is rapid 
and fairly complete. Although these experi- 
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TABLE 1. Current Ideas Concerning Postoperative Ileus 


Text Year Causes 


Duration 





Part of GI Tract 


Effected Quotations 





Aird 1957 reflex inhibition, hypo- 
proteinemia, water 


& electrolyte 


a day or two describes distention 


“After most abdominal op- 
erations peristalsis is prob- 
ably abolished . . .." 


of small intestinet 


imbalance 
Cole 1963 reflex inhibition 12-18 hours stomach, small and ‘It is such a constant ac- 
Zollinger accompanies every large intestine* companiment of any ab- 
operation dominal operation that it 
has been referred to as 
‘physiological ileus’”’ 
Moyer et al. 1965 rough handling of the 1-3 days not specified* abdominal operation 
intestine "js likely to produce tem- 
porary inhibition of peri- 
staltic activity” 
A.C.S. 1967 operative manipulation 48-72 hours not specified* “Ileus following . . . oper- 
Pre- & Post- of the intestine ative procedures is a 
op. Care physiologic response which 
is to be anticipated" 
Davis 1968 rough handling of the immediate intestine “Tt may follow any opera- 
(Christopher) bowel, unskilled post-op. tion but it is particularly 
manipulation, pro- days likely after any major re- 
longed operative section or extensive dis- 
time section . . .." 
Schwartz 1969 overactivity of the 2-3 days small and large "5. . ls extremely common 
sympathetic system bowel* since it occurs after every 


abdominal operation" 





* Nasogastric intubation recommended. 
] Uses tube if vomiting or distention occurs. 


mental studies were well done and informa- 
tive, their failure to obtain widespread ac- 
ceptance and their insignificant effect on 
the surgical practices of the majority sug- 
gested that further investigation of this 
problem was indicated. 


Clinical Material and Method 


The 160 patients studied were divided 
into three categories, extraperitoneal, in- 
traperitoneal-extraintestinal, and intraperi- 
toneal-intraintestinal (Table 2). Fifteen pa- 
tients underwent major and extensive pro- 
cedures which were extraperitoneal; 75 
patients had intraperitoneal operations in 
which the gut was handled but the gastro- 
intestinal tract was not entered (intraperi- 


toneal-extraintestinal ); and 70 patients had 
operations in which the gastrointestinal 
tract was opened (intraperitoneal-intrain- 
testinal). The type of operations are shown 
in Table 2. Consent of the patient was ob- 
tained in each instance before operation. 
A day or two before operation the patient 
was given 30 cc. of liquid barium suspen- 
sion to swallow, was kept in bed (usually ) 
and 4 hours later an abdominal roentgeno- 
gram was taken. These patients were the 
controls and served to measure the normal 
intestinal transit time. Each patient was to 
serve as his own control. Upon regaining 
consciousness in the recovery room after 
operation, the patient was asked to swallow 
another 30 cc. of liquid barium and 4 hours 
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TABLE 2. Study of Postoperative GI Motility 
Category Types of Operations Cases Controls* TestsT 
Extraperitoneal Excision lumbar discs 
(15 cases) Thoracotomies 
Sympathectomies 15 13 24 
Urologic procedures 
Adrenalectomy 
Intraperitoneal- Exploratory laparotomies (incl. vase. ops.) 20 5 28 
extraintestinal Gynecologic operations 30 26 52 
(75 cases) Biliary tract operations 15 10 27 
Hiatal herniorraphies 10 1 12 
Intraperitoneal- Gastroduodenal alone 29 11 43 
intraintestinal Gastroduodenal and vagotomies 30 12 50 
(70 cases) Colon resections 15 8 20 











* These numbers are smaller than the number of cases studied because pre-op films were omitted later in the 


study. 


+ These numbers are greater than the number of operations because more than one postoperative film was taken 


frequently. 


"Han 


to 
qt tU 





Fic. 1. Subdivision of the gastrointestinal tract 
in order to study progression of the barium mark- 
ers. While there is some difficulty in following the 
loops visualized by the excess amount of barium, 
the usual course of the small bowel may be fol- 
lowed through the left upper quadrant, across to 
the right upper quadrant, down into the left lower 
quadrant and then across to the right lower quad- 
rant. Therefore, we designated site #1 as the left 
upper quadrant which includes the stomach and 
the first part of the jejunum. Site #2 includes the 
right upper and left lower quadrants which takes 
in the remaining jejunum and proximal ileum. 
Site #3, in the right lower quadrant, comprised 
distal ileum and cecum. 


later a second flat plate of the abdomen 
was taken. Usually at 24 hours after opera- 
tion and occasionally at 48 hours, additional 
films were taken. These were the test films, 
to indicate the delay in intestinal transit 
time postoperatively (Table 2). 

Beside the liquid barium, we used an- 
other radiologic marker in the form of a 
barium capsule made by coating a gelatin 
filled #2 capsule with collodion (X3). 
Sterilization of the capsule by ethylene 
oxide gas allowed placement of the radio- 
logic marker within the gastrointestinal 
tract at operation. Because this type of 
radiologic marker was found to move more 
slowly than the liquid barium, an 8-hour 
period rather than 4 was allowed to elapse 
before films were taken in both control and 
postoperative studies. For reasons which 
will become apparent later, we also intro- 
duced liquid barium suspension into the 
jejunum through a nasogastric tube. 

The progress of the liquid barium or the 
barium-filled gelatin capsule in the gastro- 
intestinal tract was determined by sequen- 
tial study of the control and postoperative 
films. An exact localization was neither pos- 
sible nor necessary. Therefore, for the pur- 
poses of this study the flat plate of the ab- 
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Fic, 2. These radio- 
raphs illustrate the three 
different sites in the gas- 
trointestinal tract which 
were recorded during the 
postoperative period. 
While the location of the 
liquid barium was much 
easier to recognize be- 
cause of both position 
and mucosal pattern, the 
accuracy of location of 
the barium capsule was 
felt to be reasonably good 
for the type of quantita- 
tion used in the study. 
Site #1 is shown in Fig. 
2a where barium was in- 
troduced into the prox- 
imal jejunum through the 
nasogastric tube. A small 
amount of barium is be- 
ginning to pass into site 
#2. In Fig. 2b, the bar- 
ium capsule is seen in 
proximal jejunum (site 
72), and in Fig. 2c liquid 
barium in proximal ileum 
also illustrates site #2. 
Site #3, in the right 
lower quadrant of the ab- 
dominal film, is shown in 
Fig. 2d. The small amount 
of liquid barium in the 
ascending colon remains 
from previous diagnostic 
studies. 


domen was divided into four quadrants by 
an imaginary line running vertically through 
the spinous processes of the vertebra and 
a transverse line at the level of the iliac 
crests (Fig. 1). We subdivided the gastro- 
intestinal tract into three parts. Site £1 
was located in the left upper quadrant of 
the abdominal film and represented the 
stomach and proximal one third of the small 
bowel. Site #2 represented the mid-third 
of the small intestine, and was usually 
found in the right upper and left lower 
quadrants. Site #3 included the distal small 
bowel and cecum and was found in the 
right lower quadrant. These divisions are 
illustrated in Figure 1 which shows the 
stomach and small intestine filled with bar- 
ium. This segmentation of the abdominal 
film was done primarily to help identify the 





sites when the barium capsules were used. 
With the liquid barium this was not neces- 
sary because the mucosal patterns were 
helpful. These points may be illustrated 
further in the figures. The barium capsule 
is readily recognized in the proximal bowel, 
site #1 (Fig. 3), in the mid small bowel, 
site #2 (Figs. 2b & 4a) and in the distal 
third, site #3 (Fig. 4b). Similarly, site #1 
(Figs. 2a & 6), site #2 (Figs. 2a & 2c) and 
site #3 (Figs. 2d, 3, & 5b) are more easily 
identified when the liquid barium is used. 

In addition to the 160 patients mentioned 
in whom gastrointestinal motility was fol- 
lowed early in the postoperative period, 40 
other patients were studied to learn more 
about the recovery of gastric and colonic 
function. In some, barium was given by 
mouth on the day after operation and its 
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Fic. 3. Barium capsule given by mouth in the 
recovery room immediately postoperatively in a 
patient with subtotal gastrectomy was still present 
in the stomach at 48 hours. The liquid barium at 
site #3 represents material introduced in the pre- 
operative studies, which had not been evacuated. 


evacuation from the stomach was noted. In 
other patients, the postoperative progress 
of the barium through the colon was ob- 
served with and without the administration 
of cathartics. 


Results 


Initially, each patient was to undergo 
preoperative study to serve as his own con- 
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trol. Thus, if for some reason there was sig- 
nificant prolongation of transit time before 
operation, this would aid in more accurately 
evaluating any postoperative delay. How- 
ever, this procedure seemed wasteful and 
was discontinued when it became apparent 
that in almost all individuals who did not 
have gastroduodenal disease, liquid barium 
passed to the terminal ileum and cecum in 
the 4-hour period (98%). The value of 
82% in site #3 is shown in Table 3, since 
these figures do not differentiate liquid from 
capsular barium, For some unexplained rea- 
son, probably a mechanical one, the barium 
capsule did not progress as well as the 
liquid bolus, so we chose an 8-hour period 
rather than 4 to study its progression in the 
intestinal tract. During the preliminary ob- 
servations we tried to determine whether 
the patient’s age, debility, emotional state 
or relation of barium intake to meal-times 
had any effect on our study of gastroin- 
testinal motility. None was noted in the 
gross type of measurement which we made. 
Also the effects and duration of different 
anesthetic agents (apart from the operative 
procedure) could not be determined be- 
cause there was not enough variation 
among our anesthetic drugs to show such 
differences. 

At 4 to 8 hours after operation, the bar- 
ium was found in the stomach in 74 of 76 


Fic. 4. Patient with 
ulcer disease treated by 
subtotal gastrectomy. The 
barium capsule was in- 
troduced into the jejunum 
during the performance 
of the gastrojejunostomy. 
At 8 hours (a) it had 
moved to site #2 and by 
24 hours (b) to the ter- 
minal ileum. 
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Fic. 5. Another patient 
with peptic ulcer treated 
with bilateral vagotomy 
and pyloroplasty. Liquid 
barium was introduced 
into the duodenum 
through a nasogastric 
tube, in the recovery 
room. At 4 hours (a) the 
barium had moved to site 
#2 and at 22 hours it 
was in the cecum (b). 


patients who were given the barium per os 
in the recovery room (Table 4). When 24 
hours had passed, 60 of 104 patients still 
had barium in the stomach (Table 5), It 
became apparent that we could not make 
any statements about ileus of the small or 
large bowel because of the stagnation of 
the barium in the stomach. This effect could 
have resulted from either decreased motil- 
ity of the stomach which did not propel 
the barium along, or from increased pyloric 
tone which would prevent its egress. To 
obtain information on this issue, we gave 
the barium in the recovery room to patients 
who had gastroduodenal operations in 
which the pylorus was either made incom- 
petent or eliminated. In all of these patients, 
the barium still remained in the stomach at 
4 to 8 hours postoperativelv, and in seven 
of nine patients (Table 5) this delay was 
noted at 24 hours (Fig. 3). Thus, the evi- 
dence appears to favor decreased gastric 
motility as the cause of the delay in barium 
transport. 

In order to make observations on small 
and large bowel motility during the early 
postoperative period, the radiologic marker 
had to be placed beyond the stomach. This 
was done with patients having gastric op- 
erations in which easy entry into the small 
bowel was possible. In 24 patients the 


tm 





sterilized barium capsule was placed in the 
duodenum or jejunum during operation. In 
13 other patients, the nasogastric tube was 
drawn beyond the pylorus during operation, 


£ 
I 





Fic. 6. Twenty-four hours after a left colon 
resection, the patient was given 30 cc. of liquid 
barium and turned on her right side. Two hours 
later the abdominal roentgenogram showed that 
the barium had left the stomach, and was pro- 
gressing through the proximal jejunum. Gastric 
motility having returned, the patient was started 
on oral intake and her intravenous fluids were 
discontinued. 
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TABLE 3. Gastrointestinal Motility—Control Group 





Categories and Operations Nos. 
I. Extraperitoneal 13 
II. Intraperitoneal-extraintestinal 45 
III. Intraperitoneal-intraintestinal 
Colon resections 8 
Gastroduodenal procedures 23 
Totals 89 


Barium Progression 








Site #1 Site #2 Site #3 
Nos. % Nos. % Nos. % 
0 0 0 0 13 100 
3 7 $ 7 39 86 
2 25 0 0 6 15 
9 39 0 0 14 61 
14* 15 3 3 i2 82 








* Of the 14 cases where barium did not leave the stomach, 10 were tests done using barium capsules. 


liquid barium injected when the patient re- 
turned to the recovery room, and the tube 
then withdrawn back into the stomach for 
routine gastric suction. Within 4 to 8 hours, 
movement to site 2 was seen in 11 of the 37 
patients (Table 4) in whom the barium 
was placed beyond the pylorus (30% ). In 
three other patients (8% ) the barium pro- 
gressed to the terminal ileum during that 
short time. Thus, small intestinal motility 
was found to have resumed by 4 to 8 hours 
after operation in at least 38% of the pa- 
tients having operations in which the gas- 
trointestinal tract was entered. It is likely 
that intestinal activity would have been 
found to have resumed at this early time 
in many more of those patients having had 
either extraperitoneal or intraperitoneal- 
extraintestinal operations, if the gastric de- 
lay had been bypassed in a similar fashion. 
At 24 hours, movement of the barium well 


along the gut was seen in 29 of 39 patients 
(74%) given the barium just beyond the 
pylorus. Five of the remaining 10 patients 
showed some movement (but not compar- 
able to the majority) during the first post- 
operative day. It may be noted (Tables 4 
and 5) that the data for the gastric opera- 
tions were separated according to whether 
or not vagotomy had been performed. Sig- 
nificant differences were not observed. Two 
examples of small bowel motility during 
the first 24 hours after operation are shown 
in Figures 4 and 5. Barium markers placed 
beyond the pylorus were carried to the 
cecum before 24 hours had passed. 

The importance of position was seen in 
patients given liquid barium just beyond 
the gastrojejunal anastomosis. When they 
were kept in the supine position, the barium 
flowed back into the stomach and remained 
there for 24 hours or longer, just as was 


TABLE 4. Gastrointestinal M otility—FP ostoperative (4-8 Hours) 





Barium Progression 











Site #1 Site #2 Site #3 
Categories & Operations Nos. Nos. OC Nos. % Nos. % 
I. Extraperitoneal* 11 10 91 1 9 0 
II. Intraperitoneal-extraintestinal* 50 50 100 0 0 0 0 
III. Intraperitoneal-intraintestinal 

Colon resections* 7 7 100 0 0 0 0 
Gastroduodenal operations* 8 7 88 1 12 0 0 
Gastroduodenal only1 13 8 61 4 31 8 
Gastroduodenal & vagotomyt 24 15 63 7 29 2 8 











* In these patients, the barium was given by mouth in the recovery room, in either liquid or capsule form. 
t Here the barium was placed in the duodenum or jejunum either during the operative procedure (sterile barium 
capsule) or in the recovery room by passage through a nasogastric tube (liquid barium). 
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TABLE 5. Gastrointestinal M otility— Postoperative (+24 Hours) 








Barium Progression 








Site #1 Site #2 Site #3 

Categories & Operations Nos. Nos. y Nos. y/ Nos. ei 

I. Extraperitoneal* 13 5 38 1 8 7 54 

II. Intraperitoneal-extraintestinal* 69 42 61 5 7 22 32 
III. Intraperitoneal-intraintestinal 

Colon resections* 13 6 46 2 15 5 39 

Gastroduodenal operations* 9 7 78 l 11 1 11 

Gastroduodenal onlyt 13 4 31 2 15 f 54 

Gastroduodenal & vagotomyt 26 6 23 6 23 14 54 








* In these patients, the barium was given by mouth in the recovery room, in either liquid or capsule form. 
f Here the barium was placed in the duodenum or jejunum, either during the operative procedure (sterile 
barium capsule) or in the recovery room by passage through a nasogastric tube (liquid barium). 


noted in those patients given barium by 
mouth in the recovery room. On the other 
hand, when kept semi-recumbent, the bar- 
ium was carried down the intestine during 
the first 24 hours after operation. With the 
proper position, Magnusson showed, 40 
years ago, that gas would pass normally 
through the entire gastrointestinal tract in 
30 minutes.*? The importance of position in 
postoperative management has been em- 
phasized by Høyer,” Rothnie et al.*® and 
Argyropoulos and White.? The latter authors 
showed that with the patient in the right 
lateral position, almost all of the contrast 
media had left the stomach by 6 hours after 
vagotomy and pyloroplasty. However, with 
the patient supine, gastrografin was still 
seen in the stomach after 24 hours. 

The observations made thus far indicate 
that after operation gastric motility is di- 
minished significantly for about 24 hours. 
At this time some recovery of gastric tone 
may be presumed to have occurred since 
the barium was seen to have progressed 
down the gut in 35 of the 82 patients not 
having intestinal anastomoses (Table 5). 
Gastric motility was seen to return faster in 
patients having extraperitoneal operations 
(62% at 24 hours) than in those in whom 
the peritoneal cavity was entered (39%, 
Table 5). There were an additional 23% in 
category 1, and in category 2 where the 
barium had left the stomach but was still 


observed in site #1. Thus, barium had left 
the stomach by 24 hours after operation in 
almost all the patients having extraperi- 
toneal operations and in two out of three 
of those having intraperitoneal-extraintes- 
tinal procedures. In 38% of patients having 
intestinal operations, small bowel motility 
returned shortly after operation, and by 24 
hours barium given just after operation had 
moved well along the intestinal tract in 
74%. Barium appears to remain in the 
colon without any significant progression 
until the 4th or 5th day postoperatively. 
How might these facts influence the man- 
agement of patients during the early post- 
operative period, especially with regard to 
the avoidance of nasogastric tubes? It is 
apparent that nothing should be given by 
mouth during the first 24 hours. Then, if 
gastric motility has returned, oral intake 
can be started. Since the presence or ab- 
sence of bowel sounds does not furnish ac- 
curate information on this point,"?? we 
studied 25 additional patients * by giving 
them 30 cc. of barium about 24 hours after 
operation, turning them on the right side 
for 120 minutes and then taking a flat ab- 
dominal roentgenogram (Fig. 6). The bar- 
ium was seen to have moved out of the 


* Most of these patients were in the intra-intes- 
tinal group, having had anastomoses performed. 
Nasogastric tubes were omitted in all, except when 
the private operating surgeon did not wish to 
deviate from his established routine. 
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stomach in 75% of the patients. These pa- 
tients were then begun on oral intake with- 
out any ill effects. In the remainder, intra- 
venous fluids were continued for another 
day at which time a second film was taken. 
Among those patients given barium in the 
recovery room and those given barium 
about 24 hours postoperatively, there were 
20 in whom the barium had not left the 
stomach as noted in the 24 to 26 hour film. 
In the second film taken about 48 hours 
postoperatively, the barium had passed out 
of the stomach in 17 of the 20, so that 
feeding could be started in these patients. 
In three patients (having 1) hysterectomy, 
2) cholecystectomy and 3) vagotomy with 
gastrojejunostomy ) the barium was still 
present in the stomach at 48 hours. The 
reason for the delay in these patients was 
not discovered as they did not develop peri- 
tonitis or intestinal obstruction later in the 
postoperative period. No postoperative 
problems were encountered in any patient 
which could be attributed to the avoidance 
of nasogastric tubes, the administration of 
barium immediately after operation, or the 
early resumption of oral intake when gas- 
tric motility was seen to have returned. 
After most intestinal operations one can 
see the barium remaining in the colon for 
3 to 5 days and occasionally longer. If feed- 
ing is resumed at 24 hours after gastric 
motility is found to have returned, some dis- 
tention and postoperative discomfort might 
result from the accumulation of fecal matter 
in the colon. It is not known whether colonic 
peristalsis can be initiated by chemical stim- 
ulation during the early postoperative pe- 
riod. Therefore, in 15 patients 10 mg. of 
bisacodyl were given on the first postopera- 
tive night after feeding had been started. 
Defecation occurred on the 2nd or 3rd 
postoperative day. (This routine was not 
followed in patients having colonic anas- 
tomoses in which artificial stimulation 
seemed unwise.) It was noted, however, 
that the disappearance of barium from the 
colon was not delayed in colonic resections, 
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as compared to other gastrointestinal anas- 
tomoses. 


Review of Literature and Discussion 


Studies of gastrointestinal motility after 
operation have been carried out in both 
animals and humans for over 60 years. The 
technics used consist of (1) balloon kymog- 
raphy, (2) auscultation of intestinal sounds, 
(3) passage of a barium bolus, and (4) 
observations through a nylon window. 

Using cats as the experimental animal 
and making fluoroscopic observations, Can- 
non and Murphy ?? found that etherization 
for 30 to 90 minutes slowed both the rate 
of discharge of food from the stomach and 
its passage through the small intestine. Ex- 
posure to air and cooling had no effect. 
However, handling of the intestine led 
to a marked delay in gastric emptying and 
extreme sluggishness in the intestine. They 
also pointed out that sick animals had a 
marked decrease in gastric motility with 
food lying motionless in the stomach all 
day. Interestingly most of their observations 
were made during the first 24 hours after 
operation. Beyond that time, gut motility 
appeared to have returned to a normal 
state. 

Experiments such as these, and the fre- 
quent occurrence after major operations of 
nausea, abdominal distention and absent 
bowel sounds were probably responsible for 
the widespread acceptance of the concept 
that paralytic ileus is a characteristic fea- 
ture of the postoperative period. As early 
as 1942, Bisgard et al. pointed out that the 
many statements in the literature concern- 
ing postoperative ileus were not supported 
by the experimental evidence. Their experi- 
ments with balloons showed that the motor 
activity of both stomach and intestine were 
influenced as much by the pre- and post- 
operative medications and anesthetics, as 
by operative trauma. Similar balloon experi- 
ments by Helm and Ingelfinger ? 2 years 
later supported this view that preoperative 
medication inhibited intestinal activity, but 
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they noted a further decrease in intestinal 
motility when the abdomen was opened. 
The monograph of Héver?? in 1950 refers 
to the divergent statements concerning the 
duration of intestinal paralysis after opera- 
tions in cats, rabbits and dogs. Creating 
Thiry-Vella loops in dogs and recording 
pressures from balloons, Tinckler ** showed 
that small bowel activity returns soon after 
operation. These views were confirmed by 
Smith et al. who made direct observations 
of intestinal motility in rabbits and cats 
after a transparent nylon window had been 
installed in the abdominal wall. Finally, 
Baker and Webster * studied intestinal mo- 
tility in Thiry-Vella loops after a variety of 
operations. They showed that activity in 
these loops compared closely with that seen 
radiographically. Motility returned to pre- 
operative values as early as 25 minutes, even 
after operations such as vagotomy. 

Observations on humans are more nu- 
merous than those on experimental animals. 
By balloon kymography, the inhibitory ef- 
fects of anesthetics and preoperative drugs 
were demonstrated. Bisgard and Johnson,’ 
Helm and Inglefinger *° and Wells et al.*? 
found that the newer anesthetic agents 
were much less inhibitory than ether. In 
1905, Cannon ? suggested optimistically that 
by auscultation of bowel sounds, clinicians 
might obtain significant help in both diag- 
nosis and treatment of intraperitoneal events. 
Recent investigators have recorded sounds 
on tape continuously and have shown a 
good correlation with the results of balloon 
kymography in studying the effects of drugs 
on intestinal motility." Both Wells and as- 
sociates ** 5* and Baker and Dudley ? noted 
bowel sounds early in the postoperative 
period, although there was a significant re- 
duction during the first day. 

In 1950, Høyer? reviewed the sparse 
earlier roentgenographic work, and de- 
scribed his studies in postoperative patients 
who were given 75 ml. of barium about 24 
hours after operation. He noted differences 
in transit times through the gut depending 


on the type of operation, and when the 
barium was administered in the postopera- 
tive period. He was one of the first to 
identify differences in postoperative motil- 
ity between various segments of the gastro- 
intestinal tract, this important point being 
confirmed by Wells et aL,? Rothnie,' 
Glucksman *° and Harrower.” Most agreed 
that early recovery of activity occurred in 
the small intestine, while the stomach re- 
quired 24 to 48 hours, and the colon even 
longer, before normal motility returned. 
Motility studies relating to the type of 
operation were described by Høyer ?? and 
Wells ** who noted increasing delay in pa- 
tients with more extensive procedures. Other 
investigators found insignificant differences 
relating to the operative procedures, and 
emphasized the rapid return of intestinal 
function early in the postoperative period.? 
3, 20, 25, 38, 39, 48, 58 Variable results were noted 
also when attention was focused on gastric 
operations with or without vagotomy. For 
example, Isaac et al.** studied preoperative, 
early postoperative, and later postoperative 
motility in 83 patients undergoing vagot- 
omies, Passage of the barium meal through 
the small intestine was consistently delayed 
in the early period and 41% of the patients 
even showed delay at 6 months. Kock °’ 
found delay in jejunal motility until the 
third day after partial gastrectomy, with 
slower return after Billroth II than after 
Billroth I operations. Matheson and Dud- 
ley ** noted more retention (gastric) after 
Billroth I operations. In contrast to the 
three studies just mentioned, other inves- 
tigators using gastrografin, hypaque, or bar- 
ium suspension describe a fairly rapid re- 
turn of intestinal motility after most opera- 
tive procedures.” ?: ?5, 39, 48, 58, 63, 65 Several of 
these authors ?* ?? 4s: 62 stress the differences 
between intestinal recovery which is early 
and the later return of motility in the 
stomach and colon. Furthemore, the intes- 
tine was shown to be capable of absorbing 
nutrients.'^?* Xylose given immediately 
after operation was found in high concen- 
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trations in the urine as early as 5 to 10 
hours later.2 Glucksman et al.” also found 
good absorption of glucose and sodium 
which at 2 hours postoperatively equalled 
one-half the control rate of absorption. By 
24 hours, their absorption rates were com- 
pletely normal. 

The modern duodenal tube was intro- 
duced almost simultaneosuly by Einhorn 
(1909) and Gross (1910). After Luden 
cured five patients with intestinal obstruc- 
tion by enterostomy alone (1902), a num- 
ber of different technics for performing 
enterostomies were described. It was not 
until the 4th decade of this century that 
nasogastric intubation, an internal enteros- 
tomy, was shown to obviate the need for 
external enterostomy. Although Wester- 
man,°! Woolsey ** and Ward ® used tubes 
postoperatively in 1909, 1910, and 1925, 
respectively, this therapeutic measure did 
not attract much attention. Wagensteen de- 
serves much of the credit for emphasizing 
the value of nasogastric intubation and suc- 
tion in the treatment of intestinal obstruc- 
tion and postoperative ileus.*® °° Shortly 
after these studies were published, enthu- 
siastic reports appeared concerning the 
value of intubation and suction ** 16» 42, 48, 31 
and it became accepted as standard practice 
in surgical management. In 1953 Taylor de- 
scribed it as *the most valuable single addi- 
tion to the surgical armamentarium in re- 
cent times... ."* As might be expected, 
complications arose occasionally as a result 
of intubation +> 1% °=?" and this stimulated 
some to recommend gastrostomy as a sub- 
stitute,?^ 2% 4% 52 others to reserve intuba- 
tion for complicated cases only,?^*?' ** and 
still others to eliminate intubation com- 
pletely from their postoperative regimen.^ ^ 
19, 22, 23, 31, 54 

It is interesting to note that many of the 
surgeons who abandoned routine intubation 
and suction in the postoperative period did 
so on clinical grounds and not because of 
their familiarity with the abundant experi- 
mental work. Herrington * credits the re- 
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cent clinical studies of Gerber, Eade,’® 
and others *?: +% ** for raising doubts about 
this time-honored principle which has been 
unquestioned for 3 decades. Some felt that 
intubation was not required in many of 
their simpler operative procedures, and 
others became concerned about the com- 
plications associated with the use of tubes. 
Thus, comparisons were made of morbid- 
ity results in patients with and without in- 
tubation and suction as part of the post- 
operative care. British surgeons seemed 
more aware of the experimental work and 
questioned the concept of “physiological 
ileus” as a normal component of surgical 
convalescence.? Be that as it may, it is now 
time to free ourselves of habit, and past 
teachings which are not valid, even though 
they persist in many of our current text- 
books of surgery. While nasogastric tubes 
have much value in the non-operative man- 
agement of intestinal obstruction, they need 
not be passed for the prevention of post- 
operative ileus. 


summary 


One hundred and sixty patients having a 
wide variety of operations were given bar- 
ium before, during, and immediately after 
operation, in order to study the effects of 
the operation upon gastrointestinal motil- 
ity. Forty additional patients were given 
barium about 24 hours after operation to 
follow the return of gastric and colonic 
motility. 

Recovery of small intestinal motility oc- 
curs early in the postoperative period, but 
gastric and colonic motility are impaired. 
In most patients not having intraintestinal 
procedures gastric motility returns by 24 
hours; in the others, including those with 
intestinal anastomoses, about 36 to 48 hours 
is necessary. Colonic inertia persists for 3 to 
5 days, but recovery of colonic motility can 
be aided by a laxative given on the first or 
second postoperative night. 

The abundant experimental evidence in 
the literature along with our own observa- 
tions raise serious doubts about the validity 
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of the concept of “postoperative ileus.” 
Much support exists for the view that naso- 
gastric intubation is unnecessary as a rou- 
tine and should be avoided during the post- 
operative period as much as possible. The 
only exception to this statement might be 
the occurrence of intestinal obstruction, 
acute gastric dilatation, or the need for ob- 
serving continued upper gastrointestinal 
hemorrhage. 

The postoperative gastrointestinal motil- 
ity studies suggested that a rational plan 
of early postoperative management of the 
gastrointestinal tract consists of the follow- 
ing routine: (1) n.p.o. for 24 hours, (2) full 
liquid diet with termination of intravenous 
fluids at 24 hours after operation, (3) keep 
patient in semi-recumbent or right lateral 
position most of the time, and (4) give a 
mild laxative on the night of the 1st post- 
operative day. In some patients having in- 
testinal anastomoses performed, the initia- 
tion of oral intake should probably be de- 
layed until the 2nd postoperative day. If any 
question arises concerning the advisability 
of starting oral intake at 24 or 48 hours, a 
barium swallow (30 cc.) followed in 2 hours 
by an abdominal roentgenogram will con- 
firm the recovery of gastric motility and 
serve as reassurance that oral intake may 
be resumed. 
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Chronic Intestinal Angina: 


A Report of Two Patients Treated Successfully by Operation 


DANIEL B. NuNN,* M.D., F.A.C.S. 


From the Department of Thoracic and Cardiovascular Surgery, Methodist Hospital, 
Jacksonville, Florida 


INTESTINAL angina is produced by arterial 
insufficiency involving the celiac, superior 
mesenteric, and inferior mesenteric arteries. 
These vessels may be obstructed by either 
acute or chronic disease. Acute arterial in- 
sufficiency is usually due to an embolus or 
thrombus, whereas the majority of cases of 
chronic arterial insufficiency are due to 
arteriosclerosis.? 

The successful surgical treatment of in- 
testinal angina due to arteriosclerosis was 
first reported by Mikkelsen * in 1959. Since 
then, a total of only 92 cases of successful 
elective revascularization of the celiac and/ 
or mesenteric arteries has been published.* 
This paper offers a report of two additional 
cases of chronic intestinal angina due to 
arteriosclerotic narrowing of the celiac, su- 
perior mesenteric, and inferior mesenteric 
arteries. Both patients were treated suc- 
cessfully by operation. 


Case Reports 


Case 1. F. W., a 63-year-old woman, had ex- 
perienced severe epigastric pain after eating for 
l year. The patient also complained of occasional 
nausea, vomiting, diarrhea and a 28-pound weight 
loss since the onset of abdominal pain. There was 
no history of hematemesis or melena. 

The patient was previously hospitalized, 6 
months prior to the present admission, for similar 
complaints. A complete GI series during the pre- 
vious admission showed questionable scarring in 
the first portion of the duodenum. A subsequent 
trial with antacids and antispasmodics failed to 
affect the patients symptomatology. 

There was a past history of hypertension. More- 
over, a review of systems revealed a history of re- 
cent periodic attacks of syncope, vertigo, diplopia, 
and "flashes of light" before the eyes. 
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Physical examination revealed a thin, almost 
emaciated, woman who preferred to assume a knee- 
chest position. The patient was alert and did not 
exhibit any gross motor or sensory deficit. There 
was no evidence of jaundice. A systolic bruit was 
audible over the right carotid bifurcation, the base 
of the right neck, and the left supraclavicular 
space. The lungs were clear to percussion and 
auscultation. There was no cardiomegaly. A normal 
sinus rhythm was present at 64/min. and blood 
pressure was recorded as 226/80 mm. Hg in the 
right arm and 140/90 in the left arm with the pa- 
tient supine. There were no cardiac murmurs. The 
abdomen was scaphoid, and there was no tender- 
ness, mass or bruit. Femoral and pedal pulses were 
present bilaterally and were of good quality. 

The initial clinical impression was: Abdominal 
pain, possibly due to a peptic duodenal ulcer. 

A routine blood count, urinalysis, serum bili- 
rubin, and amylase were within normal limits. An 
upper GI series and cholecystogram did not show 
any abnormality. 

Vascular consultation was obtained because of 
the possibility of mesenteric arterial insufficiency. 
The vascular consultant concurred with this tenta- 
tive diagnosis, and also felt that the patient ex- 
hibited signs and symptoms of arteriosclerotic nar- 
rowing of the proximal left subclavian artery with 
vertebral artery insufficiency resulting from a left 
subclavian “steal.” 

A retrograde catheter arteriogram was per- 
formed by the Seldinger technic, using the right 
femoral artery. Films demonstrated complete oc- 
clusion of the superior and inferior mesenteric ar- 
teries. The celiac artery appeared normal (Fig. 1). 
Efforts to advance the catheter tip into the ascending 
aorta for filming of the aortic arch were unsuccess- 
ful. The aortic arch study was, therefore, obtained 
by using the open, right, brachial artery catheter 
technic. Films, with the catheter tip in the ascend- 
ing aorta, showed complete occlusion of the prox- 
imal left subclavian artery with retrograde filling 
of the left vertebral and distal left subclavian 
arteries (Fig. 2A & B). 

Operation was subsequently performed at which 
time a 6 mm. dacron graft was inserted (end-to- 
side) between the abdominal aorta and the supe- 
rior mesenteric artery immediately distal to the 
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FIGURE 1. 


origin of the middle colic artery (Fig. 3). Follow- 
ing this, a good pulse was noted in the graft, the 
distal superior mesenteric artery, and the vessels in 
the mesentery of the bowel. In view of the latter, 
no effort was made to correct the proximal occlu- 
sion of the inferior mesenteric artery. 

The patient withstood the operative procedure 
satisfactorily and the post-operative course was un- 
complicated. Following discharge from the hos- 
pital, she ate freely and proceeded to gain weight. 
Plans were made for a subsequent operation to 
correct the left subclavian steal syndrome. 

Case 2. D. H., a 50-year-old woman, com- 
plained of recurrent, severe attacks of mid-abdom- 
inal pain for 4 to 5 months. The attacks of pain 
occurred approximately 30 minutes after eating; 
however, there was no history of weight loss. Diar- 
rhea had been present periodically for the previous 
2 months. There was no history of nausea or vomit- 
ing. There was a past history of arteriosclerotic 
aortoiliac occlusive disease for which the patient 
underwent aortoiliac endarterectomy and a bilat- 
eral lumbar sympathectomy on October 28, 1968. 
Recurrent claudication involving the thighs and 
legs was noted within recent months. 

Physical examination revealed a medium-sized 
woman. There was no jaundice. Good carotid 
pulses were present, and there was no bruit over 
the carotid arteries. The lungs were clear to per- 
cussion and auscultation. There was no cardio- 
megaly. A normal sinus rhythm was present at 
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186/90 
mm. Hg in the right and left arms with the patient 


76/min. Blood pressure was recorded as: 


supine. There were no cardiac murmurs. The ab- 
domen was flat and non-tender and a midline inci- 
sional scar was present. There was no abdominal 
mass. A systolic bruit was audible over the right 
and left lower quadrants of the abdomen. Femoral 
and pedal pulses were present bilaterally but were 
diminished, particularly on the right side. 

The initial clinical impression was: (1) Ab- 
dominal pain, possibly due to a peptic ulcer, gall- 
bladder disease, or arteriosclerotic occlusive disease 
involving the celiac artery and/or superior and 
inferior mesenteric arteries. (2) Recurrent arterio- 
sclerotic aortoiliac occlusive disease. 

A routine blood count, urinalysis, serum lipase, 
and 2-hour urine lipase were normal. A secretin 
test, quantitative stool analysis for fat, and a urine 
for porphyrins also did not reveal any abnormality. 
A complete GI series showed only a small diver- 
ticulum arising from the second portion of the 
duodenum. An abdominal aortogram was obtained 
by open retrograde catheterization of the left 
brachial artery under local anesthesia. Films in 
both anterior-posterior and lateral projections (Figs. 
1 and 5) showed severe stenosis of the celiac and 
inferior mesenteric arteries as well as extensive 
artriosclerotic narrowing of the aorta, from a point 
immediately distal to the renal arteries to the 
bifurcation, and the left common iliac artery. The 
right common iliac artery was completely occluded. 





FIGURE 2A. 
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Fic. 2B (left). 


Fic. 3 (right). 


The proximal superior mesenteric artery and the 
inferior pancreaticoduodenal branch were large 
and approximately equal in size. The superior mes- 
enteric artery distal to the origin of the inferior 
pancreaticoduodenal artery was extremely small. 
The extensive collateral blood flow via the inferior 
pancreaticoduodenal artery produced good retro- 
grade filling of the celiac arterv and its branches 
(Fig. 6). This suggested to the radiologist, Dr. 
Saul Eisen, that the celiac artery might be "steal- 
ing" blood from the intestinal branches of the 


superior mesenteric artery by shunting blood 


Fic. 4 (right). 
Fic. 5 (left). 
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through the inferior pancreaticoduodenal branch 





into the low pressure system of the celiac artery 
and its branches. 

Operation was performed, using a left thoracico- 
abdominal incision. The aortic end of a dacron 
bifurcation graft was sutured end-to-side to the 
distal descending thoracic aorta, and the limbs of 
the graft were sutured end-to-side to the right and 
left common femoral arteries. The bypass principle 
was employed to avoid dealing directly with the 
abdominal aorta, distal to the renal arteries, and 
the iliac arteries, both of which were markedly 
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FIGURE 6. 


arteriosclerotic and heavily scarred from the pre- 
vious aortoiliac endarterectomy. Restoration of 
blood flow to the celiac artery was accomplished 
by inserting a vein graft, obtained from the left 
greater saphenous vein, between the aortic end of 
the dacron bifurcation graft and the celiac artery 
distal to the point of stenosis (Fig. 7). 

The patient withstood the operative procedure 
well and following discharge from the hospital has 
not experienced further abdominal pain or claudi- 
cation in the lower extremities. 


Discussion 

The mesenteric arterial circulation has 
been described as a functional unit com- 
posed of three major vessels: the celiac, 
superior mesenteric, and inferior mesenteric 
arteries. Communications between these 
three vessels are usually adequate to supply 
collateral blood flow. Consequently, in most 
cases, at least two of the major vessels must 
be compromised to produce the symptoms 
of intestinal angina. Intestinal angina may 
also occur as a result of isolated involve- 
ment of the celiac artery.’ In cases of intes- 
tinal angina with involvement of the celiac 
artery, the "stealing" of blood from the su- 
perior mesenteric artery via collaterals, as 
suggested in Case 2, may be a significant 
factor in production of symptoms. 
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The clinical picture of intestinal angina 
is characterized by the occurrence of gen- 
eralized abdominal pain 10 to 15 minutes 
after eating. The pain is usually severe, may 
radiate through to the back, and last ap- 
proximately 1 to 3 hours. Some patients are 
partially relieved of pain by assuming a 
knee-chest position (Case 1). In an effort 
to avoid pain, patients with intestinal angina 
often eat less and frequently lose consider- 
able weight. Malabsorption, secondary to 
intestinal ischemia, may also account for 
weight loss, but it is a less important factor 
than the patients self-imposed food re- 
striction.? Patients with intestinal angina 
may complain of nausea, vomiting, and 
postprandial abdominal distention. In addi- 
tion, diarrhea or constipation may be 
present. 

Physical examination is usually unremark- 
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able except for the presence of weight loss 
and the findings of associated arterial occlu- 
sive disease (left subclavian steal syndrome 
in Case 1 and aortoiliac occlusive disease in 
Case 2). Unfortunately, there are no reli- 
able physical findings which point to a spe- 
cific diagnosis of intestinal angina. 

Laboratory studies and gastrointestinal 
x-rays are primarily of value in excluding 
other diagnostic possibilities. Studies relat- 
ing to intestinal absorption are often posi- 
tive for malabsorption, but will not dif- 
ferentiate between intestinal angina and 
other malabsorption diseases.’ 

A definitive diagnosis of intestinal angina 
can only be established by appropriate ar- 
teriography of the mesenteric circulation. 
All three major arteries should be visualized. 
Since the celiac and superior mesenteric 
arteries arise from the anterior surface of 
the aorta, the study must include films taken 
in the lateral projection in order to outline 
the origin of each of these vessels. 

Surgical restoration of blood flow to the 
mesenteric circulation is the only effective 
means for treating patients with intestinal 
angina. Operation is indicated for all pa- 
tients with an established diagnosis in order 
to abolish symptoms and prevent cata- 
strophic intestinal infarction. 

Fortunately, the pathologic occlusive 
process in patients with intestinal angina 
is usually localized to the first few centi- 
meters of the vessels involved. Therefore, 
local endarterectomy and/or bypass graft- 
ing, using dacron or a segment of saphenous 
vein, should be employed to restore blood 
flow. Bypass grafts commonly originate 
from the abdominal aorta, but may also 
originate from other vessels or grafts, de- 
pending upon the circumstances. In the 
case with celiac artery stenosis (Case 2), 
distal attachment of the bypass graft could 
have been made to the hepatic or splenic 
arteries if a suitable segment of celiac ar- 
tery had not been available. In most cases 
with intestinal angina, restoration of blood 
flow to one of the three major arteries, even 
when two or three are involved, usually suf- 
fices because of the extensive collateral cir- 


culation ordinarily present. In this regard, 
Operative pressure measurements compar- 
ing aortic and visceral branch artery pres- 
sure may help in deciding whether single or 
multiple vessel restorative procedures are 
necessary.” 

The operative mortality associated with 
surgical correction of intestinal angina due 
to chronic arteriosclerotic occlusive disease 
of the celiac, superior mesenteric, and in- 
ferior mesenteric arteries is approximately 
9 per cent with a complication rate of 15 
to 20 per cent. With respect to the results 
of operation, a majority of patients are re- 
lieved of symptoms and appear to be pro- 
tected from fatal intestinal infarction. 


summary 


Two cases of chronic intestinal angina 
due to arteriosclerotic occlusive disease of 
the mesenteric arterial circulation are re- 
ported. The vessels involved were the su- 
perior and inferior mesenteric arteries in 
the first case and the celiac and inferior 
mesenteric arteries in the second case. Ar- 
teriographic findings in the second case, 
with celiac artery stenosis, suggests that 
"stealing" of blood from the superior mesen- 
teric artery via collaterals may be a sig- 
nificant factor in production of symptoms. 
Both patients with chronic intestinal angina 
were treated successfully by operation using 
bypass grafts. 
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New Concepts of Hepatic Amoebiasis 
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From the Department of Surgery, General Hospital, Kuala Lumpur, Malaysia 


AMOEBIASIS has a universal distribution 
yet *° 17 its incidence is high in tropical and 
sub-tropical countries and frequently one 
or two patients with hepatic amoebiasis are 
encountered in our hospitals. The percent- 
age of hepatic amoebiasis with regard to 
the overall incidence of this disease in Ma- 
laysia is difficult to estimate. The type of 
treatment given is not uniform, and many 
still prefer not to be treated in hospitals. 
Hospital records are, at times, unreliable 
and subject to criticism. The incidence of 
liver abscess appears to be very low in 
the Congo? and this may be a false view 
as autopsies are not commonly performed 
in that country. A similar conclusion applies 
to Malaysia. Some authors put the inci- 
dence of hepatic amoebiasis in the Far East 
at from 5-40%.° While commenting on 1000 
cases of amoebic dysentery encountered in 
East India during World War II, Payne +° 
reported liver abscess in 2.8% and De 
Silva * recorded 57 cases of hepatic abscess 
in 5,000 autopsies in Singapore. 

In spite of improved sanitation, increased 
health education and better medical care, 
hepatic amoebiasis is still a common prob- 
lem in Malaysia. It is assumed that this ap- 
parent increase is probably due to better 
and improved methods of diagnosis and an 
increased detection of cases. It is not the 
purpose of the author to review the patho- 
physiology of amoebic infestation of the 
liver as this has been described by numer- 
ous authors elsewhere ^ *:3?:;?? and needs 
no repetition. However, the power to de- 
stroy and liquefy living tissue which gives 
Entamoeba histolytica its destructive name 
is nowhere better exemplified than in 
amoebic liver abscess. 

Since hepatic amoebiasis is still a prob- 
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lem in regard to diagnosis and treatment 
while the factors affecting regeneration and 
the definition of amoebic hepatitis remain 
unsolved, the author has undertaken a spe- 
cial study of this subject. This article pre- 
sents his own concepts on diagnosis, treat- 
ment and regeneration of the portions of 
liver destroyed by abscess. 


Material 


Fifty-seven patients with hepatic amoe- 
biasis were treated by the author at the 
General Hospitals, in Seremban and Kuala 
Lumpur, from Ist June 1964 to July 1970. 
Of these, 50 were male and seven were 
female, their ages ranging from 5 years to 
70 years. The vast majority was between 
30 to 50 years of age. With the exception 
of 10 patients they had right lobe lesions 
only while 10 patients had multiple ab- 
scesses of one or both lobes. 

Diagnosis 

The correct diagnosis of amoebiasis is 
of paramount importance in Malaysia since 
this condition is often mistaken for primary 
carcinoma of the liver. In our experience, 
15 patients in whom the disease was diag- 
nosed as primary carcinoma of the liver, at 
autopsy proved to be amoebic abscess of 
the liver, during this period under review. 
The literature ^5 is replete with examples 
of such errors in diagnosis. There appears 
to be no solution for this error in diagnosis 
other than to stress the importance of al- 
ways excluding the possibility of liver ab- 
scess in every suspected case of primary 
hepatoma. 

Most cases of amoebic infestation can be 
suspected clinically and diagnosed from a 
history of pain in the right upper quadrant. 
A high remittent type of fever, chills, loss of 
weight, anorexia, feeling ‘out of sorts,’ weak- 
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ness, diarrhea with blood and mucus in 
some stage of life and physical findings of 
an enlarged tender liver, raised dome of 
diaphragm, compression of the base of the 
right lung, leucocytosis, raised sedimenta- 
tion rate,* +° all of which can also be found 
in a hepatoma. The basis of diagnosis of 
hepatic amoebiasis in most centers in Ma- 
laysia has been the aspiration of bacterio- 
logically sterile pus. However, all too often 
blind needling has failed to strike the ab- 
scess or produced hemorrhage while mul- 
tiple abscesses have been missed. Further, 
needling of a primary carcinoma has re- 
sulted in widespread dissemination of tu- 
mor cells, hemorrhage and sepsis.5 A critical 
analysis of the available data by the author 
leaves no doubt that blind needling is not 
to be recommended but unfortunately this 
change of view has not been met with an 
enthusiastic response, for old ideas are dif- 
ficult to change. 


Examination for Amoeba and Serological 
Studies 


Microscopic examination of the amoebic 
pus for amoeba, scraping of the walls of 
the amoebic cavity and stools for cysts and 
vegetative forms have been disappointing, 
for in the author’s experience only 20.3 per 
cent showed amoeba in the abscess cavity 
and less than 15 per cent had detectable 
protozoal infestation in the stools. It has 
been painfully apparent that for the most 
part, examination for the protozoa is in the 
hands of the inept with the result that little 
reliance can be placed on the reports. Like- 
wise, it has been shown that serological 
tests using gel-diffusion precipitation have 
not produced the accuracy of results one 
would expect, although positive results 
were obtained in 96 per cent of 360 pa- 
tients with amoebic liver abscess by Mad- 
dison et al.'* This unsatisfactory state of af- 
fairs has been due to lack of adequately 
trained personnel, inadequate evaluation of 
technic, lack of proper facilities and failure 
to appreciate the commensal state and of 
the persistence of antibodies. 





Fic. 1. Scan showing a well circumscribed space- 
occupying lesion showing a liver abscess. 
With the recognition of these disadvan- 
tages the author carried out other diagnostic 
aids, namely: a) liver scan b) angiographic 
studies—arterial and venous c) specific en- 
zyme studies and d) peritoneoscopy. 





Liver Scans 


Liver scan using colloidal gold 198 helped 
to diagnose the site of abscess or abscesses 
in 27 of 32 patients. The lesions in 20 pa- 
tients were located in the right lobe and 
six patients had more than one abscess. 
Scans demonstrated space-occupying lesions 
in the liver suggesting abscesses by show- 
ing a sharp, clear-cut well-defined demarca- 
tion between the abnormal and normal 
hepatic tissue as opposed to neoplasms 
which have ill-defined irregular margins 
(Figs. 1, 2). Further, the space-occupying 
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Fic. 2. Scan of a hepatoma. Note the irregular 
space-occupying lesion. 
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Fic. 3. Splenoportography showing splaying of the 
vessels due to abscess right lobe. 


lesion of the abscess showed some activity 
while the scan margin and periphery of the 
liver edge often coincided (Fig. 2). 

The most important advantage of liver 
scanning is that the exact number and loca- 
tion of abscess were easily obtained with 
anterior, posterior and lateral scanning. This 
permits the surgeon to pinpoint and needle 
the abscess cavity to obtain bacteriologically 
sterile pus. It must be admitted, however, 
that in five patients false diagnoses of space- 
occupying lesions were made, primary hep- 
atomas were mistaken for liver abscesses. 


Angiography 

Since it was not always possible to cor- 
rectly diagnose a space-occupying lesion as 
liver abscess by liver scans and since ab- 
scesses have occurred together with malig- 
nant lesions in three patients, splenoportog- 
raphy, inferior venocavogram and hepatic 
angiography have proved useful. To this 
end, in the initial stage of our study angiog- 
raphy was done as a routine procedure. 


Splenoportogram 


Twenty patients had splenoportograms 
and diagnosis of an abscess was made by 
the avascularity and splaying of the portal 
veins (Fig. 3). A notable feature in most 
cases is that there is little or no uptake by 
the spleen of the radioactive gold 198 which 
characteristically occurs in most malignant 
lesions in which hepatomegaly with cirrho- 
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sis is present? Complications similar to 
thrombosis of the portal vein or inferior 
vena cava could also be detected. 


Inferior Venocavogram 


In 25 patients with large abscesses the 
inferior vena cava was narrowed and dis- 
placed uniformly again indicating the site 
of benign lesions (Fig. 4). 

Hepatic Angiography 

This was performed in 11 patients. Avas- 
cular lesions with displacement of the ves- 
sels were seen (Fig. 5). 

It is essential to point out that these 
angiographic studies indicate primarily a 
benign lesion when differentiation from 
malignant lesion is required. Confirmation 
of the diagnosis is then made by needling 
following location of the precise site of the 
lesion or lesions. 


Peritoneoscopy 


This was helpful in the diagnosis of eight 
of 15 amoebic abscesses. Its value is limited 
especially when the abscesses are intra- 
hepatic and externally the liver showed no 
destructive features. In peritoneoscopy one 
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Fic. 4. Inferior venocavogram showing the vein 
narrowed and uniformly displaced due to a large 
abscess right lobe. 
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sees the same color, redness or pinkness of 
the liver but the thickness of the lobe may 
be increased with bulging of the abscess in 
the liver. In some cases superficial adhe- 
sions or some yellowish discoloration of the 
surface of the abscess can be seen if the 
abscess is very close to the surface. 


Enzyme Studies 


In all 57 patients serum glutamic-oxalo- 
acetic transaminase and serum glutamic- 
pyruvic transaminase and lactate dehydro- 
genase studies were done. Although the 
values were elevated they were non-specific 
and non-conclusive. They only confirmed 
liver involvement in the disease process. 


Treatment 


Table 1 shows the type of treatment per- 
formed in the 57 patients. 


I. Incision and Drainage 


Although the treatment of the so-called 
“amoebic hepatitis” is medical, controversy 
still exists in the treatment of hepatic ab- 
scess,*: * 77,15 for in general, amoebiasis is 
no exception to the rule that uncritical ad- 
herence to the dicta of the great is apt to 
be unchallenged and it is small wonder that 
old concepts has been repeated from text- 
book to textbook. Perhaps the widest pub- 
licity has come from the Far Eastern coun- 
tries like India,* Thailand * and Philippines. 
Most internists and many surgeons prefer 
closed aspiration of the abscess. More re- 
cently reports have been published of com- 
plete resolution of abscesses by drug ther- 
apy.* ® %19 Tt is the author's view, however, 
that surgical principles dictate “where there 
is pus it should be drained,” ? and open 
surgery is aimed at providing drainage of 
the amoebic abscess and the basis of such 
à view is not wanting. 

In a study and comparison of results of 
42 patients with amoebic liver abscess 
treated by one of our internists it was found 
that the average stay in hospitals was 98 
days, compared with only 19 days in my 
unit and nearly all the patients required re- 
peated aspirations. Six patients who had re. 








Fic. 5. Arteriography showing avascularity with 
displacement of vessels in right lobe. 


peated aspirations developed subphrenic 
abscesses. In three patients the abscess burst 
into the peritoneal cavity with death of the 
patients, and four others developed general 
peritonitis. Hemorrhage and bile peritonitis 
occurred in two patients requiring surgical 
exploration. 

These findings have given further weight 
to the authors contention that surgical 
evacuation of the pus produces quicker 
discharge of patients from hospital ( which 
is so vital to our patients), a lower incidence 
of complications and complete evacuation 
of the abscess. Of the 57 patients, 10 de- 


TABLE 1. Details of Operation 








No. 

1. Laparotomy with open drainage 40 
2. Saucerization with debridement of the 

liver tissue 10 

3. Hepatic resection 7 

57 
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veloped minor complications, six had wound 
infection, three pneumonitis, and one sec- 
ondary hemorrhage. 

Though many would still prefer aspira- 
tion of abscess, most internists must admit 
that operation in hepatic amoebiasis is in- 
dicated in the following conditions: *^— 


a) Patients with complications such as 
peritonitis, empyema thoracis,'^ °? ab- 
cess bulging through the abdominal 
wall. 

b) Patients not responding to medical 
treatment following repeated aspira- 
tion. 

c) Presence of more than one abscess 
cavity. 

d) Doubt in diagnosis or the presence 
of a coexisting carcinoma or cirrhosis. 

e) Any lesion pointing below the costal 
margin, for complication may result 
from needling of neighboring viscera. 

f) Thrombosis of the portal vein and 
inferior vena cava and fistulous con- 
nections with the hepatic ducts.” 


2. Saucerization with Debridement of the 
Liver Tissue 


This procedure was necessary in 10 pa- 
tients because the abscess was large and the 
walls were thin, and necrotic debridement 
of the abscess wall by uncapping the ne- 
crotic tissue laid open the abscess cavity 
thus facilitating drainage. In multiple ab- 
scesses, excision of the hepatic tissue in be- 
tween the abscesses may produce a single 
cavity with adequate drainage. 


3. Hepatic Resection 


This procedure was performed in seven 
patients, for ruptured and bleeding ab- 
scesses and in fulminating infections where 
one lobe was almost necrotic. The concept 
of resection stems from the author's experi- 
ence that simple drainage in four patients 
with generalized peritonitis resulted in 
death of two, while the other two de- 
veloped subphrenic abscesses and subse- 
quently died of hemorrhage and metastatic 
abscesses. The author is aware of the fact 
that hepatic resection may not find many 
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advocates but in his opinion the results 
justify his management of the seven pa- 
tients, Of these seven patients, four had 
right lobectomy, two right hemihepatec- 
tomy, and one left hemihepatectomy. Sur- 
prisingly, it was found that these patients 
withstood the operation well. One death in 
a patient who had right lobectomy was due 
to advanced state of peritonitis. 

Contrary to certain text-book descrip- 
tions, the author has had no incidence of 
cutaneous amoebiasis following insertion of 
drainage tubes. Most of the tubes, however, 
were removed within 4—5 days except when 
regenerative processes was studied. No 
drainage tubes were put where haemostasis 
was complete. Drainage tubes were spe- 
cially inserted for large abscesses infected 
with pyogenic organisms or in the presence 
of imperfect hemostasis. It is routine to 
give all patients anti-amoebic drugs follow- 
ing operation—Emetine, Chloroquine and 
Tetracyclines.!5: ?° 


Regeneration 


The regenerative process of the evacuated 
liver abscesses were studied in 12 livers 
(Figs. 6, 7 A & B). It is commonly believed 
that once the abscess cavity is evacuated it 
collapses and is replaced by liver tissue 
leaving a little scar '* but the actual method 
of healing has not been mentioned yet. 
Studies, with scanning, liver biopsies and 
injection of Hypaque into the cavities have 
shown that regeneration of liver starts from 
the periphery of the abscess cavity towards 
the center and the abscess cavity diminishes 
in size by tongue-like projections inwards 
of the proliferation of the liver tissue from 
all sides. These have been confirmed bv pe- 
riodic dye injection with or without air 
through the drainage tubes inserted into 
the cavities and by liver scans (Fig. 8) 
which show a gradual diminution in size of 
the cavity. This concept is in conflict with 
those of Tranachit Harinasuta ** who is of 
the opinion that the direction of healing of 
the cavity is always from the central part of 
the liver towards the periphery. It is also 
the author's opinion that debridement and 
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Fic. 6 (left). Show- 
ing contrast medium fill- 
ing abscess cavity. 


Fic. 7A (center) and 
7B (right). Showing re- 
generation almost com- 
plete, leaving a small 
area near the center of 
the liver. 


removal of necrotic tissue increase the stim- 
ulus for regeneration. 


Discussion 

Hepatic amoebiasis is still a major prob- 
lem in Malaysia. Its diagnosis is of para- 
mount importance because it so often 
simulates primary liver cell carcinoma, 
prognosis in the former is excellent while 
very poor in the latter. 

Because of the frequency of isolation of 
the protozoal parasite in the abscess and in 
the stools is poor and serological technics 
are far from adequate in Malaysia, for vari- 
ous reasons mentioned, other methods of 
diagnosis have to be employed to detect 
the site of the abscess. Diagnosis is still 
based upon the finding of bacteriologically 
sterile pus. Liver scans, angiography and 
peritoneoscopy have proved invaluable aids 
in the diagnosis. 

New concepts in the treatment of amoebic 
liver abscess have been introduced. They 
are admittedly controversial but the author 
feels that controversy always stimulates dis- 
cussion and progress. In particular, his in- 
dications for resection are revolutionary 
and reflect the changing concept in a sub- 
ject which has long plagued mankind. Re- 
view of the literature has shown that be- 
havior of amoebiasis throughout the world 
is not uniform.? '? Obviously other factors 
are involved and this may well account for 
the variations in the pattern of the disease. 
It may be attributed to the “strain” of 
amoebae concerned, some other organism 
may play a part, the status of the host and 





nutrition may be the determining factors, 
while the association of an excessive intake 
of alcohol may all influence the clinical pat- 
tern and the prognosis. This is clearly evi- 
dent in Malaysia where although the In- 
dians form only 10 percent of the popula- 
tion, nearly 40 per cent of the 57 patients 
involved in this series were Indians. 

The regeneration process of an amoebic 
liver abscess has not previously been placed 
in its proper prospective in the rapidly ad- 
vancing field of hepatology. The views of 
the author are discussed. Old views are 
firmly rooted and are hard to change but 
changes are inevitable, if progress is to 
come. It is the author's view that our pres- 
ent knowledge of hepatic amoebiasis is still 
far from adequate. 


Summary 


1. Fifty-seven patients with amoebic ab- 
scesses of the liver are described. 





Fic. 8. Scan showing regenerated liver of patient 
whose scan is shown in Figure 1. 
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2. New concepts in diagnosis, treatment 
and regenerative process are discussed. 

3. The value of portosplenography, infe- 
rior venocavograms, and arteriography in 
the diagnosis and localization of amoebic 
abscesses of the liver have been tested. 
Peritoneoscopy and liver scanning with gold 
198 have also been used in diagnosis. 

4. Surgical drainage of single and multi- 
ple abscesses and in seven cases partial 
hepatectomy were employed by the author 
in therapy. 

5. After drainage, regeneration of the 
liver from all sides were observed both by 
scanning and by radiography after opacify- 
ing the residual cavity by injections through 
the drainage tract. 

6. It is hoped that the authors views, 
though controversial, will provide new im- 
petus to fill the many gaps that still are 
present in our knowledge. 


Addendum 


Since preparation of this paper Indium 
113-M is now being routinely used by the 
author for hepatic scanning. Indium Blood 
pool studies have helped establish space oc- 
cupying lesion or lesions in the liver as 
vascular or avascular. The authors experi- 
ence has shown that avascular lesions are 
nearly always benign (abscess or cyst) 
while vascular lesions with the exception of 
haemangioma are nearly always malignant 
in character. This has proved to be a major 
step forward in the role of radio-isotope for 
diagnosing hepatic abscesses. 

A further twenty-eight patients have since 
been treated by the author. Of these fifteen 
had saucerization of the abscess, three had 
major hepatic resection, while the remain- 
ing had simple drainage. 
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Improved Cardiovascular Effects of Glucagon in Dogs 
with Endotoxin Shock 


Jorce Guen, M.D., GEeonck Parras, M.D. 


From the Department of Surgery, University of Colorado, School of Medicine, 
and the Veterans Administration Hospital, Denver, Colorado 


THE positive inotropic and chronotropic 
effects of glucagon upon the myocardium, 
as well as reduction of the peripheral vascu- 
lar resistance have been documented in sev- 
eral reports, and corroborated by us in a 
previous study.** 

In humans glucagon has improved cer- 
tain cardiovascular disturbances.” This study 
evaluates the role of glucagon in the treat- 
ment of endotoxic shock. 


Methods 


Mongrel dogs weighing between 10 to 
20 Kg. were anesthetized with intravenous 
pentobarbital. An endotracheal tube was in- 
serted and ventilation was controlled with 
a pressure-regulated respiration. A femoral 
artery was cannulated to measure arterial 
pressure and cardiac output. A venous cath- 
eter was introduced, via a peripheral vein, 
into the right ventricle for dye dilution 
studies, Cardio-green (2.5 mg.) was used 
for cardiac output determination using a 
computer (Lexington Instruments Corpora- 
tion). Additional hemodynamic determina- 
tions, such as heart rate, arterial blood pres- 
sure and central venous pressure were mea- 
sured and the stroke volume and peripheral 
vascular resistance (PVR) was calculated. 
The hemodynamic studies were conducted 
before and at 5, 10, 15, 30, 45, 60 and 90 
minutes after the intravenous administra- 
tion of a single dose of E. coli endotoxin * 
(3 mg./Kg.) and a continuous infusion of 
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15 mg. of glucagon ** and/or one or five 
mg. injections of glucagon. 

Group 1, Control Endotoxin Shock. In 
10 dogs, serial hemodynamic studies were 
performed before and after administration 
of E. coli endotoxin. 

Group 2, Endotoxin Shock Plus Single 
Injection of Glucagon. In another group 
of 10 dogs, after 1 mg. of glucagon was 
given intravenously simultaneous with endo- 
toxin changes in hemodynamics were de- 
termined. In five additional dogs, 5 mg. of 
glucagon was given instead of a 1 mg. dose. 

Group 3, Endotoxin Shock Plus Con- 
tinuous Glucagon Infusion. Hemodynamic 
studies were done in another series of 10 
dogs subjected to endotoxin shock that re- 
ceived 1 mg. of glucagon intravenously 
simultaneous with endotoxin followed by a 
continuous drip of 15 mg. of glucagon over 
the 90-minute study period. 


Results 


Group 1, Control Endotoxin Shock. 
When E. coli endotoxin was given to dogs, 
there was an immediate and profound re- 
duction in cardiac output. This was fol- 
lowed by a transitory increase and then fur- 
ther deterioration (Fig. 1). The same pat- 
tern was also noted in the mean arterial 
pressure and stroke volume (Figs. 2, 3). 

Immediately after endotoxin administra- 
tion, there was a brief period of brady- 
cardia but the heart rate increased to con- 
trol levels towards the end of the study 
(Fig. 4). The PVR increased initially but 
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Fic. 1. Changes in cardiac output of dogs in 
endotoxin shock given intravenous glucagon. There 
was a marked increase in cardiac output above 
control levels in dogs receiving the continuous in- 
fusion of glucagon when compared with the un- 
treated animals in shock and those given a single 
injection of the hormone. 


later declined to preglucagon values (Fig. 
5). Similar hemodynamic changes seen in 
endotoxin shock have been previously re- 
ported.’ 

Group 2, Endotoxin Shock Plus Single 
Injection of Glucagon. In this series of 
experiments, 1 mg. of glucagon given intra- 


leo 


140 


100 


-- 
- 
- -—— = 
- -— 
—— — — — — 


40 o ENDOTOXIN CONTROL 
---- ENDOTOXIN + GLUCAGON (Img) 
— ENDOTOXIN + GLUCAGON (I6 mg) 






(0) 
3 e$ 5. 10 15 30 45 60 90 
- = 
E 99 MINUTES 
Oo o2 
go 
ul + 


Fic, 2. The mean arterial pressure was reduced 
during continuous infusion of glucagon in dogs 
subjected to endotoxin shock. 
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Fic. 3. Continuous infusion of glucagon in 
endotoxin shock produced an increase in stroke 
volume above control levels when compared with 
control dogs in shock and dogs receiving one mg. 
injection. 


venously did not alter the cardiohemody- 
namics when compared with control endo- 
toxin shock (Figs. 1, 2, 3, 5) except for 
an abrupt and continuous tachycardia ( Fig. 
4). Similar hemodynamic findings were ob- 
served in the shock dogs receiving single 
5 mg. intravenous injections of glucagon. 

Group 3, Endotoxin Shock Plus Con- 
tinuous Glucagon Infusion. The cardio- 
hemodynamic effects of glucagon given as 
an initial 1 mg. dose followed by continuous 
infusion of 15 mg. in endotoxin shock are 
seen in Figures 1 to 5. There were striking 
increases in cardiac output and stroke vol- 
ume and decrease in peripheral vascular re- 
sistance when compared with shock control 
dogs and shock animals given only 1 mg. 
or 5 mg. of glucagon. In addition, an abrupt 
and persistent tachycardia occurred during 
the study. The mean arterial pressure was 
lower throughout the study when compared 
with the other two groups. 


Discussion 


Glucagon has been shown to have ino- 
tropic and chronotropic effects on the myo- 
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cardium in animals as well as in humans.*-® 
The effects of glucagon in animals in endo- 
toxin shock were determined. 

E. coli endotoxin shock as seen in our ex- 
periments and reported by others? pro- 
duced an initial marked reduction in car- 
diac output, stroke volume and mean ar- 
terial pressure with a simultaneous rise in 
peripheral vascular resistance. After the 
initial insult, a temporary compensatory 
improvement in the altered hemodynamics 
occurred followed by further deterioration. 
In addition, there was a transitory period of 
bradycardia seen after endotoxin adminis- 
tration. 

In dogs subjected to endotoxic shock 
treated with 1 or 5 mg. of glucagon in a 
single intravenous injection, the hemody- 
namic effects were similar to the control 
endotoxin dogs except for an abrupt and 
persistent tachycardia throughout the study. 

Animals subjected to endotoxic shock 
treated with a continuous infusion of glu- 
cagon, the cardiac output and stroke vol- 
ume improved markedly reaching levels of 
30 and 50 percent, respectively, above 
control levels. The heart rate remained ele- 
vated in the same fashion as dogs receiving 
a single injection of glucagon. The periph- 
eral vascular resistance and mean blood 
pressure was lowered by this mode of 
treatment. 

Analysis of the present study shows that 
when glucagon is given in a single intra- 
venous dose, it does not improve markedly 
the altered hemodynamic changes pro- 
duced by E. coli endotoxin. However, when 
the hormone is given in a larger dose as 
a continuous intravenous drip, a dramatic 
improvement in the altered hemodynamics 
occurred with endotoxin shock. Similar re- 
sults have been reported by Bower et al. in 
dogs in endotoxin shock given intermittent 
doses of glucagon. Our studies demon- 
strated a more striking improvement in 
cardiac output which was probably dose 
related. 
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Fic. 4. Glucagon administration reverse the brady- 
cardia effect of endotoxin shock in dogs. 


In our previous study, a single intrave- 
nous injection of 1 mg. of glucagon pro- 
duced a striking inotropic and chronotropic 
effect, in addition to a reduced PVR, in the 
intact anesthetized dog.’ However, in dogs 
with endotoxic shock, a single dose of 1 
or 5 mg. had a less noticeable effect in im- 
proving the altered hemodynamics. Only 
with a continuous and large dose of glu- 
cagon, could the hemodynamics be im- 
proved in endotoxin shock. 
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Fic. 5. In animals in endotoxin shock, the pe- 
ripheral vascular resistance was markedly elevated. 
Continuous infusion of glucagon reversed these 
changes. 
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Summary 


Glucagon given in a large continuous 
intravenous dose produces a marked im- 
provement in the altered cardiohemody- 
namics seen in dogs subjected to endotoxin 
shock. There was a marked increase in car- 
diac output, stroke volume and heart rate 
with a simultaneous reduction in peripheral 
vascular resistance and mean arterial pres- 
sure during continuous glucagon adminis- 
tration. These findings were less noticeable 
in shock dogs receiving single intravenous 
injections of 1 or 5 mg. of glucagon. 
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Fluid Therapy in Experimental Hemorrhagic Shock: 
Ultrastructural Effects in Liver and Muscle 


Raren G. DEParMa, M.D., Wi1am D. Horper, M.D., 
ANN V. ROBINSON 


From the Department of Surgery, Case Western Reserve University of Cleveland, Ohio 


ĪN THE PAST, the efficacy of intravenous 
fluid therapy for hemorrhagic shock was 
evaluated largely on an empiric basis. It 
was accepted that therapy was most ef- 
fective when blood loss was replaced by an 
equal volume of blood. Within the past 3 
decades it has been shown that there are 
alternative choices of solutions for the 
therapy of hemorrhage. Optimal combina- 
tions of crystalloid solutions or blood may 
enhance survival? 12, 14, 28, 30,32 Although 
the use of balanced salt solutions has im- 
proved clinical results,?™ 3839 a precise 
rationale for employing crystalloid solutions 
is not yet delineated. The overenthusiastic 
or inappropriate use of crystalloid solutions 
may increase morbidity and mortality in 
some instances.?? 

Impetus for the use of balanced salt solu- 
tions, generally Ringer’s solution was based 
on experimental findings of Shires and as- 
sociates ** published in 1960. Using radio- 
active tracers, they demonstrated loss of 
extracellular fluid exceeding the volume of 
blood lost. Moyer and associates, in ex- 
tensive bioassay studies, demonstrated the 
value of additional crystalloids in hemor- 
rhage; they described possible sequestra- 
tion of fluid in altered interstitial matrix. 

Application of postulates derived from 
these experiments to the treatment of 
hemorrhagic shock appeared valid since 
enhanced survival was clearly demon- 
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strated. However, limitations inherent in 
the use of radioactive tracers and their 
distribution in the fluid compartments of 
the body made interpretation of experi- 
mental findings difficult. There is still dis- 
agreement as to whether or not there is an 
actual deficit in the extracellular fluid in 
excess of the volume of shed blood.?* 2° If 
there is, where does this excess fluid loss 
occur? 

The present study was done to demon- 
strate the alterations in cellular structure 
resulting from controlled hemorrhage with 
various types of fluid preparations used for 
replacement. It was possible to correlate 
ultrastructural changes in hepatocytes and 
myocytes with survival using a standard 
murine shock model. Reproducible altera- 
tions of cellular ultrastructure occurred 
with shock and with fluid therapy of various 
types and amounts. Reversal of the ultra- 
structural changes appeared to be im- 
portant correlates of survival. 


Materials and Methods 


Young adult male Sprague-Dawley rats 
weighing between 250-350 Gm. were sub- 
jected to hemorrhagic shock for 120 min- 
utes; 60 minutes at 50 mm. Hg blood pres- 
sure and 60 minutes at 30 mm. Hg blood 
pressure. The rats were anesthetized with 
intraperitoneal pentobarbital 4 mg/100 Gm. 
body weight. The iliac arteries were can- 
nulated and 500 » of heparin were given 
via the cannula. The details of this reservoir 
model for the production of hemorrhagic 
shock have been described previously.!? 17 
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TABLE 1. Hemorrhagic Shock: Effects of Various 
Infusions on Survival 
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Rats vival no Rx Blood 
Untreated hemorrhage 
blood loss of 47% + 
1455 volume at 120 
minutes 30 36% — « 0.05 
Reinfusion of shed blood 30 90% < 0.05 - 
Normal saline: volume 
equal to shed blood 30 63% NS < 0.05 
3X volume of shed 
blood 30 83% < 0.05 NS 
L. Ringer's: volume 
equal to shed blood 30 70% < 0.05 NS 
3X volume of shed 
blood 30 80% < 0.05 NS 
5% dextrose: 
Volume equal to shed 
blood 30 47% NS < 0.05 
3X volume of shed 
blood 30 60% NS < 0.05 
5% D. L. Ringer's 
3X volume of shed 
blood 30 60% NS « 0.05 








In each experiment four animals were 
used. One anesthetized and heparinized 
control animal was cannulated but not bled; 
three animals were bled to produce hemor- 
rhagic hypovolemia for 120 minutes, two 
of these were infused with whole blood or 
various crystalloid solutions over a 20-min- 
ute period, and one was not infused with 
any fluid. The relative effect upon survival 
of whole blood, normal saline, Ringer's solu- 
tion, 596 dextrose in Ringer's solution, and 
5% dextrose in water was assessed in 240 
animals. The efficacy of these treatments 
has been reported.’ The therapeutic infu- 
sions are reviewed here in relation to cel- 
lular changes observed in a second group 
of 39, animals. For this study, the animals 
were sacrificed immediately after reinfusion 
of blood or the infusion of various crystal- 
loid solutions. Simultaneous laparotomies 
were performed through midline incisions 
in the control, the bled, and the two treated 
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rats. A 1x 2 mm. portion of the right 
hepatic lobe was removed, minced, and 
fixed for electron microscopy. Then the en- 
tire right hepatic lobe was removed rapidly; 
a section 1-2 mm. thick was quickly frozen 
in liquid nitrogen cooled isopentane for 
histochemical studies. A 1 x 2 mm. portion 
of the right diaphragm was then obtained 
for electron microscopy. All tissues were 
processed identically and simultaneously. 

Tissues for electron microscopic examina- 
tion were placed immediately in ice cold 
veronal buffered 295 osmium tetroxide for 
one hour, were progressively dehydrated 
through graded alcohols, and were em- 
bedded in Maraglas.°° Ultrathin sections 
were cut, stained with uranyl acetate and 
citrate, and examined on an RCA EMU 3G 
electron microscope. 

Histochemical determination of adenosine 
triphosphatase (ATPase) activity and glu- 
cose 6 phosphatase (G6Pase) activity was 
carried out on 8 y sections of the frozen por- 
tion of the right hepatic lobe. ATPase activ- 
ity and G6Pase activity were assessed as 
described in a previous publication * using 
the methods described by Ashworth,! Chi- 
quoine * and Wachstein and Meisel.*° Sec- 
tions were viewed by light microscopy and 
activity estimated by intensity and distribu- 
tion of reaction products. The slides were 
viewed as unknowns and graded on a 1-4 
basis. 


Results 


The survival of treated rats is shown in 
Table 1. Reinfusion of shed blood resulted 
in the highest survival rate. This, however, 
was not statistically different from an infu- 
sion of a volume of normal saline equal to 
3 x the volume of the shed blood or Ringer's 
solution in either volume. Survival was de- 
creased when 596 dextrose in Ringer's solu- 
tion, a hyperosmolar solution, was infused 
rapidly. The infusions of 5% dextrose in 
water did not enhance survival over the 
control rate. 
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Fic. 1A. Control hepatocyte 4,700 x. 
chromatin is fine; mitochondria are filamentous. Note opaque quality of cytoplasm and 
glycogen granules, 


The ultrastructure of the hepatocytes after 
hemorrhage revealed consistent changes: 
marked intracellular edema with widening 
and distortion of the endoplasmic reticulum, 
swelling of mitochondria with conversion of 
the normal ellipsoid or filamentous forms 
to globular configuration, alteration of the 
rough endoplasmic reticulum with disper- 
sion of ribosomes into the hyaloplasm, and 
clumping of the nuclear chromatin (Fig. 1). 

Approximate quantification of the degree 
of widening of cytoplasmic areas between 
parallel lamina of the endoplasmic retic- 
ulum was possible. This was done by mea- 


Nucleus, N., Mitochondria, Mt. The nuclear 


surement along lines drawn at right angles 
to parallel reticular arrays in 12 comparable 
areas of each of three cells selected at ran- 
dom from shock and control groups. This 
distance was increased by a factor of 1.8 
in the shocked rats indicating more fluid 
within the cytoplasm of the cell (Fig. 2). 

After blood transfusion, mitochondria 
were still predominantly globular. The over- 
all density of the cell was greater and there 
appeared to be less intracellular edema than 
in the cells of untreated animals. The num- 
ber of lysosomes and microbodies appeared 
to be increased. Residual separation of the 
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Fic. 1B. Hepatocyte after 120 minutes hypovolemia 4,700 x. Note globular mitochondria. 
The lucency of the cytoplasm suggests increased water content of the cell. Glycogen is 
absent. 


endoplasmic reticulum was seen. Free ribo- 
somes were present in the hyaloplasm. 
Clumping of nuclear chromatin was not seen. 
The appearance of hepatocytes after reinfu- 
sion with Ringer's solution or normal saline 
equal to 3 x volume of the shed blood was 
similar to control hepatocytes. In contrast 
to animals treated with transfusion, in- 
creased numbers of microbodies and lvso- 
somes were not observed. Rare cytoplasmic 
vacuoles were noted in the hepatocytes 
after reinfusion of blood, Ringer solution 
or saline (Fig. 3). 


Treatment with 5% dextrose in Ringer's 
solution failed to provide evidence of ultra- 
structural repair, but did lead to the devel- 
opment of large cytoplasmic vacuoles. There 
was marked distortion of intracellular struc- 
tures. Clumping of nuclear chromatin was 
also prominent after the infusions (Fig. 4). 
To a lesser degree similar findings were 
observed after the infusion of 596 dexterose 
and water. 

Ultrastructural changes in skeletal mus- 
cle as a result of hemorrhage appeared to 
be intracellular edema with spreading of 
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Fic. 2A. Portion of control hepatocyte 19,900 x. Detail of rough endoplasmic reticulum, 
E. R. B. Comparable area in hepatocyte after 120 minutes hypovolemia 19,900 x. Note 
widening of spaces between lamellae of E. R. and lucency of cytoplasm. 


myofibrillae and distortion of mitochondria saline, the ultrastructural appearance of the 
(Fig. 5). After reinfusion of shed blood, or myocytes was indistinguishable from con- 
treatment with Ringers solution or normal trol sections. After infusion of 5% dextrose 
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Fic. 3A. Hepatocyte after reinfusion of blood 4,700 X. Note that mitochondria remain 
globular. Glycogen is present—note opacity of cytoplasm. Increased numbers of lysosomes 


(L) and microbodies ( Mb) are present. 


Ringers solution vacuoles and intracellular 
distortion with edema persisted in the myo- 
cytes (Fig. 6). 

As previously reported, consistent in- 
creases in ATPase and G6Pase activities 
were seen after hemorrhage.® The increased 
reaction products were seen at the time 
of sacrifice with no detectable difference 
between treated and untreated animals. 


Discussion 


Swelling of cells, presumably owing to 
increased hydration, has been observed in 
a variety of injurious circumstances. These 
include: incubation in an hypoxic environ- 
ment," incubation at low temperature,” ex- 


perimental carbon monoxide and cyanide 
poisoning, and ischemia due to vascular 
occlusion.'?: ** In previous studies of the ef- 
fect of hemorrhage on ultrastructure,* ?: 1° 
we reported the appearance of cellular 
swelling. These studies were done with the 
same murine shock model? employed in 
this study; 2 hours of hypotension associated 
with a blood volume loss of 47 + 14% 
consistently produced these changes. The 
most probable cause of increased cellular 
hydration is a shift of interstitial fluid into 
the cell during hypovolemia. The changes 
were most clearly visible in hepatocytes; 
a significant increase in distances between 
the arrays of endoplasmic reticulum was 
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Fic. 3B. Hepatocyte after shock and reinfusion of 3 x 
saline 4,700 X. The ultrastructural appearance is normal. 


observed. The visual evidence of swelling 
in myocytes was also evident, though dis- 
tances between the myofibrillae were not 
readily measured owing to disparities in 
the degree of muscular contraction at the 
time of sampling. 

A shift of interstitial water into cells 
during shock has been suggested before. 
The evidence has been indirect and based 
primarily upon: (1) studies with radioac- 
tive isotopes, (2) examination of plasma 
Na+ content and osmolality, (3) measure- 
ment of K+ concentration in cells and in- 
terstitial fluid, and (4) measurement of 
transmembrane potentials of cells. It is use- 
ful to review briefly the implications of 


volume of shed blood as normal 


these studies. The determination of sul- 
fate ** space, using 20 minutes as a time for 
equilibration, demonstrated a discrepant re- 
duction in functional extracellular fluid.** 
It should be emphasized that the applica- 
tion of this concept by Shires *? generated 
the current clinical interest in the use of 
crystalloids. In studies using a longer equil- 
ibration time, 12 hours with Br*?, changes 
in extracellular fluid other than those ex- 
pected from hemorrhage were not docu- 
mented. In experiments using Br?? and 
osmometry, Batey and associates? and 
Singh and Flear?* postulated increased 
permeability of cell membranes in both 
hemorrhagic and endotoxic shock, with 
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Fic. 3C. Hepatocyte after shock and reinfusion of 3 X volume of shed blood as lactated 


Ringers 4,700 x. 
fusion of blood. 


shrinkage of the extracellular fluid compart- 
ment owing to the entry of water, Na+, 
and Cl— into the cells. These investigators 
thought that the Br*? technic might not be 
appropriate for measurement of extracellu- 
lar fluid because of entry of some Br*? into 
cells. The elegant experiments of Hal- 
jamáe,5 showed K+ loss by cells and a 
disproportionate increase in interstitial K+, 
demonstrating transcellular fluid and elec- 
trolyte migration during shock. These “hid- 
den cellular electrolyte responses” which 
cannot be documented by changes in plasma 
K+ concentration have long escaped clin- 
ical notice. Haljamáe emphasized the im- 


Note occasional small vacuoles, V; 


these may also be seen after trans- 


portance of alterations of hydration of the 
interstitial ground substance. Cunningham, 
Shires and Wagner? showed decreased 
transmembrane potential of skeletal muscle 
in hemorrhagic shock suggesting impair- 
ment of cell membrane pump function. In 
their studies, the leakage of K+ from cells 
into the interstitial fluid was also observed. 
These investigators concluded that an in- 
tracellular shift of Na+ and Cl— occurred. 
The ionic changes were interpreted as being 
consistent with cellular swelling. 

The implications of the concept of cellu- 
lar swelling for the treatment of hemor- 
rhage are important if optimal modes of 
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Fic. 4. Hepatocyte after shock and infusion of 3 X volume of shed blood as 5% dextrose 
lactated Ringer's 4,700 x. Note distortion of fine structure by vacuoles. V. These range from 
0.3 x to 14 & in size in different liver cells. The nuclear chromatin is quite coarse. 


therapy are to be selected. While much 
has been done to improve the therapy of 
hypovolemia, it is probable that optimal 
treatment in varying hypovolemic states has 
yet to be defined. The understanding of 
partition of extracellular fluid in shock is 
still incomplete. Of importance in magni- 
tude and direction is the transcapillary flow 
of water, salt, and protein into the intra- 
vascular compartment which occurs follow- 
ing hemorrhage. This major movement of 
fluid supports the circulation. The measure- 
ment of magnitude and time intervals in- 
volved in this shift have been extensively 


documented.” ** 37, 42 However, the appar- 
ently paradoxical shift of interstitial fluid 
into cells, at a time when plasma volume is 
reduced, still requires accurate measure- 
ment and further characterization. While 
this shift may be of lesser magnitude, it 
may alter function of the subcellular or- 
ganelles. It is here that proper selection of 
crystalloid solutions may influence success 
or failure in a marginal situation. 

In these studies, Ringer’s solution ap- 
peared to be slightly superior to normal 
saline in promoting survival after hemor- 
rhage. Of interest was the reversal of cel- 
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Fic. 5A. Detail of control myocyte, diaphragm 9,700 X. Note myofibrillae, 
Mf, Nucleus, N, Mitochondria, M. 


lular ultrastructural changes occurring with 
reinfused blood and Ringer’s solution or 
normal saline equal to three times the vol- 
ume of shed blood. The documentation of 
deleterious effects of rapid infusions of 5% 
dextrose in Ringers solution is of ther- 
apeutic importance. Survival was decreased 
and there was marked distortion of ultra- 
structure of cells. The changes were espe- 
cially dramatic in hepatocytes. Severe os- 
motic disequilibrium was suggested in the 
appearance of vacuoles and distortion of 
cell membranes. This unfavorable effect of 
rapid glucose infusion was also observed in 
survival experiments by Dillon and asso- 


ciates.'? McNeill, Williams and Moore ?? re- 
ported an unusual response to infusion of 
20% glucose in the dog which was inter- 
preted to be the result of osmotic mobiliza- 
tion of cell water. It is therefore suggested 
that rapid infusion of hyperosmolar dex- 
trose and crystalloid solutions be avoided 
in the initial treatment of hemorrhagic 
shock. However, it should be recognized 
that in late shock or sepsis, hypoglycemia 
may occur. Under these circumstances, glu- 
cose, an important energy source," is re- 
quired. 

While the main purpose of the present 
experiments was to correlate changes in 
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Fic. 5B. Detail of myocyte after 120 minutes hypovolemia 9,700 x. Note lucency 
of cytoplasm suggesting edema and widening of spaces between myofibrillae. 


ultrastructure with survival after treatment, 
histochemical data were obtained in an ef- 
fort to understand alterations in enzyme 
activity in cells and membranes. Increased 
histochemical ATPase and glucose 6 phos- 
phatase activities were not reversed 20 min- 
utes after completion of infusion. Within 
the limits of histochemical methodology, it 
is reasonable to conclude that changes in 
the activity of cell membranes persist for 
some time after correction of the hypo- 
volemia. 

Of great potential importance are recently 
described stereologic and morphometric 
methods for quantitation of changes in the 


fine structural components of hepatocytes.“ 
The extension of these methods to measure- 
ment of other tissues and to interstitial 
spaces may yield direct and quantitative 
evidence to support indirect tracer studies, 
measurement of cellular electrolyte re- 
sponses, and determination of transmem- 
brane potential. Application of morpho- 
metric ultrastructural technics may permit 
estimation of time sequences for fluid shifts 
into cells. Undoubtedly extension of these 
technics to other tissues will be laborious 
and time consuming. Once the magnitude, 
direction and sequence of fluids shifts arc 
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Fic. 6. Detail of myocyte in diaphragm after shock and infusion of 5% dextrose 
lactated Ringer's 9,700 x. Note vacuoles V within cytoplasm. 


measured, more precise definitions of op- 
timal therapy for hypovolemia will ensue. 
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Multiple Lymphoid Polyps in Familial Polyposis 
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FAMILIAL polyposis and its variant Gard- 
ner’s Syndrome are well-recognized clinical 
entities, which generally are readily dis- 
tinguished from other polypoid conditions 
of the colon (e.g., diffuse polyposis, juvenile 
polyposis, Peutz-Jeghers Syndrome, and 
Turcots Syndrome) by two striking fea- 
tures.’ First, they are inherited as autosomal 
dominant traits with high penetrance and 
variable expressivity; second, they are con- 
sidered uniformly fatal by middle-age— 
generally by age 50—because of adeno- 
carcinoma of the colon. Thus, each offspring 
of an affected individual has a 50% chance 
of being affected, and those affected usually 
manifest the entire syndrome. 

This case report describes a patient who 
had multiple lymphoid polyps of the colon 
and small bowel in a family with known 
multiple adenomatous colonic polyposis. 
Preoperatively, he was assumed to have 
familial polyposis and thus underwent a 
total colectomy and ileostomy. 


Family History 


The family tree of the propositus cer- 
tainly indicates the presence of familial 
polyposis (Fig. 1). The patients mother 
had colonic polyps and died of colon car- 
cinoma at age 38. The patient's three sisters 
had total colectomies and ileostomies at the 
University of Wisconsin Hospitals for mul- 
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tiple adenomastous polyps of the colon. In 
addition, a maternal aunt and her two 
daughters are known to have multiple colon 
polyps. One of these cousins underwent an 
abdominal colectomy and ileoproctostomy 
at another institution. No consanguinity is 
known to exist. 


Case Report 


A 17-year-old young man was admitted for 
evaluation as part of a family follow-up for familial 
polyposis. He had had episodes of abdominal pain 
for several years. Proctosigmoidoscopic and barium 
enema x-ray examinations revealed multiple small 
polyps throughout the colon. Consequently, he was 
assumed to have familial polyposis and on July 2, 
1970, he underwent total colectomy and ileostomy. 
At laparotomy, the surgeon could not palpate the 
polyps and therefore performed a colotomy to con- 
firm the presence of multiple small polyps through- 
out the colon. After the colectomy, the ileostomy 
was opened and the terminal ileum was carpeted 
by myriads of 2 to 3 mm. polyps, biopsies of which 
demonstrated lymphoid polyps. The histologic pic- 
ture was the same as those polyps within the colon 
(Figs. 2 and 3). No adenomatous polyps were 
found in the entire colon. The terminal ileum was 
not resected to avoid creation of a wet ileostomy.?: 
6,12 The patient's postoperative course has con- 
tinued uneventful. 


Discussion 


Because familial polyposis is considered 
uniformly fatal, it is generally felt that af- 
fected individuals (i.e., those with multiple 
adenomatous polyps) should be treated in 
their teens, even when asymptomatic, as 
malignancy has been reported as early as 
age 11.413 Controversy exists as to whether 
malignancy develops within the colon or 
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within the adenomatous polyps themselves. 
The vagaries and dubious reliability of fol- 
low-up and the attendant morbidity of 
repeated rectal fulgurations have led us to 
prefer total colectomy with ileostomy over 
abdominal colectomy with ileoproctostomy 
in familial polyposis and in Gardner’s Syn- 
drome.? 

Infrequently, adenomatous polyps in this 
syndrome appear in the small intestine 
where malignancy is rare. Lymphoid polyps 
have been reported as multiple polyposis 
and even as a familial entity." This is the 
first reported case occurring in a pedigree 
of familial adenomatous polyposis. 

Lymphoid hyperplasia, which includes 
polyposis, represents a spectrum of disease 


Fic. 2. Focal lymph- 
oid hyperplasia in the 
mucosa of the terminal 
ileum to form lymphoid 
polyps. Magnification X4. 


Fic. 3. Similar focal 
lymphoid hvperplasia in 
the colon. Magnification 
x4. 
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Fic. 1. Family tree with propositus indicated 
by the arrow. 


from diffuse involvement of the entire gas- 
trointestinal tract to isolated polyps.'! In 
any of these manifestations lymphoid hyper- 
plasia is considered benign although occa- 
sionally surgical treatment is necessary for 
the complications.':  '" Most authors regard 
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lymphoid polyps as a benign inflammatory 
response of lymphoid tissue in the mucosa 
and submucosa; whereas, they consider 
adenomatous polyps as a benign epithelial 
change. The significance of multiple lymph- 
oid colonic polyps in familial polyposis is 
unknown. 

Biopsy is recommended to demonstrate 
the presence of adenomatous polyps in a 
patient with colonic polyposis. More cases 
similar to this are necessary to determine the 
likelihood of coexisting lymphoid and ade- 
nomatous polyps and to establish whether 
the presence of multiple accessible lymph- 
oid polyps and a strong family history 
represents another manifestation of familial 
adenomatous polyposis. 


Summary 


A case of multiple lymphoid polyposis of 
the colon and terminal ileum in a patient 
having a strong family history of multiple 
adenomatous colonic polyposis is presented. 
Management of this patient is discussed 
from the background of these two entities, 
and a question of their association is raised. 
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"The treatment which I should be disposed to 
adopt in cases of burn, where I had good reason 
to suspect that inflammation or ulceration was 
going on in the duodenum, would be the applica- 
tion of leeches to the skin on the corresponding 
part of the abdomen, if not implicated in the burn; 
the exhibition, at intervals, of a few grains of 
hydrargyrum cum creta combined with opium to 
allay pain; and allowing nothing but fluid nutri- 
ment of the blandest description.” 

Curling * 


ALTHOUGH our understanding of stress 
ulcer formation and its therapy has im- 
proved since Curling’s observations, the 
disease entity still remains ill-defined in 
spite of a voluminous literature. Classifica- 
tions of stress ulceration vary. Although 
“Curling’s ulcer” is associated with burns 
and “Cushing’s ulcer” with central nervous 
system disease, there may in fact be a 
spectrum of ulceration both in terms of 
etiology and pathogenesis. Most attempts 
at definitions have led either to over-com- 
plication or over-simplification. We are left 
with the fact that acute ulcers occur in the 
gastrointestinal tract in patients under 
stress. There is little agreement in the 
literature regarding frequency, distribution, 
or etiology. 

The frequency of occurrence of stress 
ulceration varies in different reports from 
0 to over 3546.1^ 3 1^ 15 The range of dis- 
eases associated with ulcer formation is 
formidable and includes such states as 
coronary occlusion;? cor pulmonale, and 
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major operation, as well as burns and 
central nervous system disease. 

The time of occurrence of ulceration fol- 
lowing stress also shows wide variation. 
Watts, reporting on patients with head 
trauma, reported that one of four non-de- 
cerebrate patients bled on the eighth day, 
while five of six decerebrate patients bled 
on the third to sixth day. Fogelman and 
Garvey °° found that 50% of cases of stress 
bleeding occurred within 5 days, and 80% 
within the first 2 weeks in patients under- 
going trauma or operation. Some of the 
confusion regarding incidence arises be- 
cause of admixture of clinical and patho- 
logical case finding. 

Many etiologies have been discussed.* ^ 
‘1,28 Hyperacidity appears to be a strong 
factor in central nervous system related 
ulcers ? and not in burn related ulcers. 
Kirksey ‘7 noted submucosal hemorrhage, 
superficial mucosal erosion and hemorrhagic 
gastritis as well as congestion of the gastro- 
intestinal tract at postmortem in patients 
with burns. He cited hyperemia, congestion 
and gastritis as precursors to Curling’s 
ulcers, hypothesizing change in resistance 
of the mucosa to acid-pepsin secretion. 
Friesen *? reviewed many etiologies, noting 
at least 30 theories. 

Many authors have suggested that the 
mucus layer protects the stomach and duo- 
denum from ulceration.?^ 24 Gastric mucus 
is difficult to study; and since the important 
fractions are difficult to define, the litera- 
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ture is complex. Many definitions and classi- 
fications of mucus fractions have been of- 
fered, and some have been extensively 
studied.” 2° 25 21,18 Gastric mucus is a 
complex mucopolysaccharide and protein 
substance. It his been suggested that certain 
of the mucus fractions 
significance. 


are of clinical 


Menguy and Thompson ** noted a de- 
crease in secretion of gastric mucus under 
the influence of glucocorticoids in dogs, 
hypothesizing that an ulcer formed is 
secondary to decreased protection of the 
mucosa. Menguy and Masters *! demon- 
strated a decrease in the ratio of sialic acid 
to hexose, or a decrease in sialic acid con- 
centration; an increase in hexose and/or a 
decrease in hexosamine with an increase in 
the molar ratio of hexose to hexosamine 
under steroid administration. Piper ?* noted 
changes in concentration of hexose, sialic 
acid, fucose and gastric secretory volume 
upon histamine stimulation in a small series 
of patients. Kowalewski '* demonstrated an 
increase in hexosamine under the influence 
of an histamine liberator. 

Because of the lack of agreement con- 
cerning the roles of acid, pepsin, and mucus 
in the etiology of stress ulceration, we 
initiated a study of these factors. Gastric 
secretion was analyzed in 36 patients who 
were undergoing severe stress, and in 19 
normal individuals. In the controls, great 
care was taken to exclude all individuals 
with any history of gastrointestional dis- 
ease, or any recent situation which might 
have produced stress. 

The patient group was selected on a 
random basis, from those patients admitted 
to the Surgical Intensive Care Unit of Belle- 
vue Hospital. For purposes of analysis, the 
36 patients were placed in four groups de- 
termined by the significant factors produc- 
ing the stress. The presence of more than 
one significant factor allowed some patients 
to be listed in more than one group. 
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Category 1: (CNS Injury). Seven pa- 
tients were placed in this group. Six of the 
seven suffered from head trauma due to 
accident, and four of these required craniot- 
omy. The seventh patient required multiple 
craniotomies for intracranial bleeding due 
to multiple cerebral aneurysms. Of these 
seven patients, five died and two recovered 
and were discharged. All of these patients 
were comatose or semi-comatose during 
part of the course of study. Two of the 
seven patients showed stress bleeding 
( 2996 ). 

Category 2: (Major Operation and 
Trauma). Twenty-five patients were placed 
in this category. Five patients were suffer- 
ing from significant multiple trauma, and 
the remaining 20 had undergone one or 
more major surgical procedures. Of this 
group, 16 patients died, and nine patients 
recovered and were discharged. Thirteen 
of 25 patients showed stress bleeding 
(52% ). 

Category 3: (Sepsis). Thirteen patients 
were placed in this category, two of whom 
were also included in Category 1, and six 
of whom were included in Category 2. Of 
these 13 patients, nine died, and four re- 
covered. Ten patients showed stress bleed- 
ing (77%). 

Category 4: (Burns). Six patients were 
placed in this category. All patients had 
suffered burns of more than 30% of the 
body surface. Three of the patients died, 
and three survived. Two patients showed 
stress bleeding (33% ). 

In the patient group, gastric secretory 
measurements were done as soon as the pa- 
tient had been selected for inclusion in the 
study. Following this, the course of the pa- 
tient was observed. Patients with a rela- 
tively stable course had measurements 
made every 3-5 days. In those with an un- 
stable course of those with evidence of 
bleeding, measurements were made more 


frequently. 


~; 
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The criteria for stress bleeding included 
a negative history of prior gastrointestinal 
bleeding or ulcer disease and exclusion of 
traumatic or operative bleeding. The pres- 
ence of moderate to significant amounts of 
guaiac material or bright blood in the gas- 
tric aspirate, the presence of significant 
amounts of blood in the stool, or the demon- 
stration or stress ulceration at the time of 
operation were considered positive factors. 
By these criteria, 20 of the 36 patients 
showed some degree of gastrointestinal 
bleeding. These ranged from a moderate 
amount of coffee-ground material to massive 
bright bleeding. 

Of these 20 patients, 16 required over 
1,000 ml. of blood to maintain a stable 
course. Twelve of these 20 patients died 
(mortality rate of 63.1% ). In five patients, 
death could be directly attributed to stress 
bleeding. There were 1l men and nine 
women patients in this group whose ages 
ranged from 23 to 90 years. The mean age 
for men was 52 years and for women 68.7 
years. The mean number of days from the 
time of insult to the time of bleeding was 
10.4 + 0.8 days. Thirty seven gastric secre- 
tory studies were done on these 20 pa- 
tients. Twenty five of these studies were 
performed within 24 hours prior to or sub- 
sequent to the bleeding period. These mea- 
surements were classified as the "stressed 
bleeder" group. 

There were 16 patients who did not 
bleed. Ten of these patients died (mortality 
rate of 62.5% ). Twelve were men and four 
were women with ages ranging from 20 to 
78 years. The mean age for men was 55 
years and for women 37 years. In these 
patients, gastric secretory studies were per- 
formed at 3-5 day intervals until the pa- 
tient either improved or died. The period 
of follow-up was as long as 22 days, with a 
mean of 10.6-- L7 days. Thirty studies 
were performed on these patients, 25 of 
which were performed during the period of 


maximum stress. These studies were con- 
sidered as the "stressed non-bleeder" values. 


Methods 


Gastric aspirations were performed after 
a 6-5 hour fast in all patients and controls. 
The tubes used were usually of a sump 
variety. They were carefully measured and 
passed. Whenever possible, patients had 
abdominal x-rays taken to verify the posi- 
tion of the tube. The subjects were then 
placed in a left lateral decubitus position. 
The stomach was emptied by manual 
syringe aspiration, and the contents were 
discarded. The tube was then placed on 
intermittent suction for a period of 90 to 
150 minutes. The patient was asked to ex- 
pectorate all saliva, if possible. After col- 
lection, gastric aspirate was analyzed im- 
mediately. The gross appearance was noted 
and the volume measured. The pH and 
titratable acid were determined using a 
Beckman pH meter. Titration was done 
with 0.1N sodium hydroxide solution. Three 
end points were selected. Titration to pH 
3.5 was carried out for "free acid" deter- 
mination. Titration to pH 7.4 was termed 
"total titratable acidity." Titration to pH 
8.5 was designated as "total acidity." 

"Free acid" (pH 3.5) and "total acid" (pH 
8.5) are traditional measurements, and were 
included only for completeness. “Total 
titratable acidity” (pH 7.4) would appear 
to be the important physiologic measure- 
ment, and will be the measurement reported 
in this paper. Values for concentration of 
acid, pepsin, and mucopolysaccharides are 
used rather than production rates, as this 
represents the solution to which the mucosa 
is exposed. This excludes errors resulting 
from incompleteness of collection, and vary- 
ing rates of "back diffusion." 

Non-dialyzable components of the gastric 
contents were analyzed for pepsin, hexose, 
hexosamine, sialic acid, and fucose. The 
aspirate was dialyzed for 15 to 24 hours in 
a multiple dialyzer, Oxford Model B, using 
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mEq/L 


CONTROL "AC ; ^e E 


19 


P value '€.02 €.001 €.001  «.05 


distilled water. It was then freeze-dried in 
an automatic Virtis freeze drier for 15-24 
hours and stored in serum bottles with 
rubber stoppers in the refrigerator. The 
freezer-dried samples were dissolved in dis- 
tilled water to bring the volume to the orig- 
inal volume. These were then filtered 
through glass wool and made ready for 
determinations. 

Pepsin. A modification of Hunt's*® 
method was adopted in which 6 ml. 10% 
trichloracetic acid was used for the con- 
trols and to precipitate protein the sub- 
strate containing samples. 


TABLE 1. 


——— Má— M á— ———Ó—— — 


Titratable Acid 


mEq./l. Pepsin :Units 
e a ee ee c 
Control 32 103 
All stressed 68* 204* 
CNS 50* 236* 
Trauma T2" 172 
Sepsis 64* 160 
Burns 64* 177 
Bleeders 81* 201* 
e 
* 
P d 


Non-bleeders 53* 208* 








* p < 0.05. 
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Hexose. Hexose determinations were car- 
ried out according to the procedure of 
Richmond.?* 

Hexosamine. Determinations of hexos- 
amine were performed by a modified 
method of Dische.? The samples were hy- 
drolyzed in 2 N hydrochloric acid for 2 
hours at 100° C. For the standard, 5 mg. of 
equal parts of glucosamine and galatos- 
amine were used. Non-deaminated solu- 
tions were used as controls. Optical density 
of samples was determined at 492 mu and 
590 mu for the control, standard, and 
deaminated solution. 

Sialic Acid. A modification of Warren's °’ 
method for determination of sialic acid was 
used. The entire 4.3 ml. of aqueous solution 
for each solution was extracted with 4.3 ml. 
of cyclohexanone. Optical density readings 
were made in the Coleman Junior No. 2 
spectrophotometer at 532 and 549 mu. 

Fucose. Determination of fucose was by 
modified method of Dische*? in which the 
mixture, after being warmed to 20 to 22* C 
for a few minutes, was held for 10 minutes 
in an actively boiling water bath and finally 
cooled in tap water. To the cold solution 
was added 0.1 ml. of 3% aqueous cysteine 
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Fic. 2. Pepsin levels. 


100 


50 


CONTROL 


19 


hydrochloride and its absorbance read at 
400 mu in the Coleman Junior No. 2 
spectrophotometer. 

Standard deviation, standard error, and 
mean values were determined using an 
Olivetti 101 computer, and significant dif- 
ferences were read from statistical tables. 


Results 


Acid Values. Total titratable acid con- 
centration was significantly higher in the 
patient group as compared to the control 
group (Fig. 1 and Table 1). Values for the 
stressed patients who bled were also signif- 
icantly higher than those for the stressed 
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patients who did not bleed. Values for total 
titratable acidity in each of the four sub- 
groups (central nervous system injury, 
trauma, sepsis, burns) were significantly 
elevated over those found in controls. 
Pepsin. Pepsin concentrations in all four 
sub-groups of patients were higher than 
the concentrations found in the control 
group. No significant difference could be 
found between those stressed patients who 
bled and those who did not bleed (Fig. 2). 
Mucopolysaccharides (Fig. 3, Table 2). 
Hexose and hexosamine values were lower 
in all of the patient groups than in controls. 
Fucose values tended to be higher in the 
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TABLE 2. 

Hexosa- Sialic 
mine Acid 
mg./ um./ 

Hexose 100 ml.  Fucose 100 ml. 
Control 812-17 47416 243 1.2+0.2 
All stressed 53+10 21+4 3347 1.8+0.2 
CNS 51+8 192-31 502017 1.50.2 
Trauma 524+13 1742t 243 1.8+0.3 
Sepsis 73418 18427 53414 2.00.4 
Burns 58+24 14-41 17+6 1.3+0.6 
Bleeders 644-16 162021 27+4 1.9+0.4 
Non-bleeders 36+7* 29211 43416 1.50.2 
* p « 0.05. 
t < 0.1. 


patient groups. No significant differences in 
sialic acid levels were seen. Total muco- 
polysaccharide concentrations were lower 
in the patient groups. The hexose to hexos- 
amine ratios showed an increase in all four 
patient groups over the control level of 1.7 
(central nervous system injury: 2.7; trauma: 
3.1; sepsis: 3.9; burns: 4.1). Of great inter- 
est was the fact that the stressed bleeders 
showed a hexose/hexosamine ratio of 3.9, 
whereas in the stressed non-bleeders the 
ratio was 1.3. Thus, the bleeders showed a 
significant alteration from control, while the 
non-bleeders did not. 


Discussion 


Acid. In contradistinction to the findings 
of some authors, our study indicates that all 
stressed patients, including burn patients, 
have high levels of acid. It is significant 
that the stressed patients who bled had 
higher acid levels than did the stressed non- 
bleeding patients. 

Our findings are in agreement with other 
studies done on patients with intracranial 
injury.?? Our findings differ from studies of 
other types of stress. O'Neill ** observed 20 
patients having average burn indices of 
4395 (where burn index is the sum of the 
third degree plus one-half of the second de- 
gree burn areas) who developed ulcers 
and/or massive hemorrhage. Of these, 16 


had acid production of less than 25 mEq./ 
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12 hours. Fourteen patients with burn in- 
dices averaging 36% had no hyperacidity 
(except one value of 26.8 mEq.) and no 
ulceration. Kirksey * pointed out that bac- 
teria and fungi can be seen microscopically 
in specimens from ulcer craters, thereby 
mitigating against acidity as having an im- 
portant role in ulcer formation. 

Hummel ** noted that acidity, although 
elevated in patients with severe burns, is of 
no use in the prediction of stress ulcer 
formation. However, in the present study 
bleeding occurred in 13 of 15 patients with 
acid values of more than 70 mEq./l, and 
in 15 of 18 patients with acid values of 
more than 60 mEq./I. 

Pepsin. Increase in pepsin levels in our 
study is of interest. Gray et al., have 
shown increases in pepsin concentration in 
patients undergoing corticotropin stimula- 
tion. In our patients, pepsin levels were sig- 
nificantly higher in all patients when com- 
pared to controls. There has been very little 
work done on pepsin in relation to stress 
ulcer formation, and the relationship re- 
mains to be elucidated. 

Mucopolysaccharides. It is important to 
realize that in this study the concentration 
of the measured mucopolysaccharides in 
stressed patients is compared to the con- 
centration in normal individuals in the rest- 
ing state. Menguy °° has stated that the only 
known stimulus to mucus production is in- 
creased gastric activity. Wise?? and Bal- 
linger showed that increased gastric acid- 
ity resulting from histamine injection caused 
an increase in mucus secretion and an al- 
teration in mucus quality toward greater 
resistance to enzymatic digestion. 

It is not strictly correct therefore to use 
normal patients with mean total titratable 
acidity of 32 mEq./l. as controls. An ap- 
propriate mucus response to elevation of 
acid concentration is not indicated in this 
group. The stressed non-bleeder group, 
with mean total titratable acid levels of 
53 mEq./l. may approximate this, but may 
not be completely normal responders. 
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Considering all of our patients, hexose 
and hexosamine values diminished with 
stress. Menguy and Masters *® have demon- 
strated decreases in the rate of mucus secre- 
tion, and qualitative changes with increased 
hexoses and/or decreased hexosamines (an 
increase in the molar ratio of hexose/hexos- 
amine ) under the influence of intramuscu- 
lar cortisone in denervated antral pouches 
in dogs. Further, Menguy and Thompson °! 
demonstrated that vagal stimulation in in- 
nervated canine gastric pouches resulted 
in a decreased rate of mucus secretion and 
in a decrease in hexose concentration. 
Kowalewski '* demonstrated, on the other 
hand, that a histamine liberator leads to 
an increase in hexosamine. 

In our patients the stressed bleeders 
showed a moderate decrease in hexose and 
a marked decrease in hexosamine. The 
stressed non-bleeders showed a larger de- 
crease in hexose and a lesser decrease in 
hexosamine. The molar ratio, hexose to 
hexosamine, was 1.7 for controls, and 1.3 
for stressed non-bleeders. For the bleeding 
group, however, the ratio was 3.9. 

The hexose to hexosamine ratios for the 
sub-groups of stressed patients showed the 
following results: central nervous system 
injury, 2.7; trauma, 3.1; sepsis, 3.9; and 
burns, 4.1. If this ratio is indicative of the 
level of stress, it would suggest that sepsis 
and burns provided the greatest stress 
among our patients, with trauma and cen- 
tral nervous system injury following in that 
order. 

Sialic acid levels showed no consistent 
alteration from normal in any of the pa- 
tient groups. Fucose concentrations were in- 
creased and were higher in the non-bleed- 
ing patients than in those who bled. These 
changes were not significant, however. It 
is interesting in this regard that several 
authors have suggested that fucose may 
play a role in rendering mucoprotein re- 
sistant to the action of trypsin.® 1 24 O'Neill 
et al.,* in a study of burn trauma, stated 
that reduction in mucosal sialic acid and 


fucose indicated diminished secretion of 
mucus. Gottschalk +° has stated that sialic 
acid plays an important role in the protec- 
tion of mucoprotein from the action of 
trypsin. Dische * has shown that sialic acid 
and fucose may function interchangeably 
on the mucoprotein molecule. Thus, the sum 
of sialic acid and fucose may be important 
in assessing the mucosal protective barrier. 
This sum was also significantly higher in 
our stressed non-bleeders as compared to 
our stressed bleeder group. 

The possible protective role of gastric 
mucus in preventing the development of 
mucosal ulceration is still not clarified. 
Mucus does seem to be protective for the 
intestinal mucosa in dogs subjected to shock, 
as shown by Bounous et al.^? The present 
study shows a general decrease in mucus 
concentration in all of the patient groups, 
with alterations in the proportions of the 
various mucopolysaccharides studied. The 
exact importance of these changes is as yet 
unknown. It should again be recalled that 
these levels of mucus concentrations were 
compared with those found in resting nor- 
mal individuals who were unstressed and 
who had significantly lower levels of gastric 
acidity. If a rise in gastric acidity is indeed 
the stimulus for mucus production, as sug- 
gested by Menguy, one would expect that 
the normal response would be an increase 
in mucus concentration. This did not occur 
in these stressed patients. 

These studies strongly suggest that acid- 
ity is an important factor in the production 
of stress ulceration. The administration of 
antacid into the stomach of stressed pa- 
tients is therefore indicated. 

Gastric mucus production does appear to 
be influenced by the degree of stress, both 
in amount and composition. The clinical 
importance of these changes is as yet 
unknown. 


summary 


Gastric acidity, pepsin concentration, and 
concentration of several mucus fractions 
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were serially measured in 55 individuals, of 
which 19 were normal controls, and 36 were 
patients suffering severe stress. Twenty of 
the 36 stressed patients showed signs of 
upper gastrointestinal bleeding during the 
stress period. 


Acid values were elevated in the stressed 


group, and were higher in those who bled. 
Pepsin values were elevated in the stressed 
group. Mucus concentrations were lower 
than resting normal levels in the stressed 
group. Patients who bled showed signifi- 
cantly higher hexose/hexosamine ratios, and 
lower fucose levels than patients who did 
not bleed. 
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Long-Term Survival after Acute Ligation of the 
Vena Cava above the Renal Veins 


ALAN B. Gazzanica,* M.D., ARNoLD H. CoropNvy,] M.D. 


From the Departments of Surgery, Children’s Hospital Medical Center, 
Boston, Massachusetts and University of California, 
Irvine, California 92668 


ACUTE ligation of the vena cava above 
the renal veins has occurred during uro- 
logical and abdominal surgical procedures 
and as the result of acute abdominal 
trauma. There are few reports of patients 
who have survived acute ligation of the 
suprarenal vena cava,® 5% 15,19, 20,26 and 
in most cases there was significant post- 
operative morbidity. The following report 
deals with a patient who had caval ligation 
above the renal veins during a right 
hepatectomy. 


Case Report 


An 815-year-old girl was admitted to Children’s 
Hospital Medical Center on 6/10/65. At one year 
of age she had undergone partial right hepatectomy 
and marsupialization of an hepatic lymphangioma. 
Postoperatively she developed intrahepatic abscess 
in the remaining portion of the right lobe of the 
liver. Over the next 7 years the abscess wall be- 
came calcified and gradually enlarged, and she 
suffered from growth retardation, chronic anemia, 
and intermittent fever. 

On admission she was cooperative, her weight 
was 19 Kg. and she appeared chronically ill. Phys- 
ical examination showed nail bed clubbing, a mod- 
erately enlarged spleen, and a firm mass palpable 
9 cm. below the right costal margin. 

Hematocrit was 34%, urinalysis was normal, 
and the white blood cell count was 7,100 with 
29% polys and 47% bands. Serum electrolytes 
were normal, BUN was 9 mg./100 ml., bilirubin 
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indirect was 6.4 mg./100 ml. and direct was 5.3 
mg./100 ml. Serum albumin/globulin ratio was re- 
versed and serum SGOT was 113. BSP retention 
was 5% at 45 minutes. An upright abdominal 
roentgenogram showed a calcified cystic mass in 
the right upper quadrant (Fig. 1). 

Following evaluation the patient underwent 
right hepatectomy using moderate hypothermia. 
The portal dissection was difficult and the liver 
did not compress the inferior vena cava. During 
the latter stages of the hepatic resection the vena 
cava above the renal veins and below the left 
hepatic vein was torn and had to be ligated. Post- 
operatively urine volumes were adequate and cen- 
tral venous pressure was maintained between 10 
and 15 cm. of saline with intravenous colloid. 
Urinalysis 24 hours after operation was free of pro- 
tein and red cells. Five days postoperatively BUN 
was 10 mg./100 ml. 

She was discharged 3 months later and re- 
turned for evaluation in May 1969. An inferior 
vena cavagram was performed via a catheter posi- 
tioned in the proximal inferior vana cava. Selected 
serial films in both the anterior-posterior and lat- 
eral projections are shown in Figure 2 and 3. 
Figure 2 shows dye outlining both renal veins and 
is seen escaping into the lumbar veins, the left 
suprarenal vein, and a large collateral vein. Two 
frames later (right panel of Fig. 2) dye has left 
the cava and renal veins and has entered the para- 
vertebral collaterals on the right, thereby filling 
the azygos system. On the left the suprarenal vein 
empties into the hemiazygos and the ascending 
lumbar vein which is filled by a large collateral 
vein (left panel Fig. 2). The ascending lumbar and 
paravertebral veins are filled and empty into the 
hemiazygos. 

In the lateral projection (Fig. 3) the vena cava 
fills first; later the retroperitoneal and vertebral 
plexuses are filled. In Figure 4 an injection of dye 
into the right atrium shows the complete occlusion 
of the inferior cava and reflux of dye into the 
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Fic. 1. A plain roentgenogram of the abdomen 
shows a calcified cystic mass in the right upper 
quadrant. 
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hepatic veins of the remaining left lobe of the 
liver. À composite drawing in Figure 5 shows the 
collateral venous return. 

During this admission an intravenous pyelogram 
was normal, a liver scan showed a normal function- 
ing left liver lobe, and the creatinine clearance was 
67 cc./min./m.? She was considered to be in good 
health with normal renal and hepatic function. 


Discussion 


The first reported ligation of the vena 
cava was below the renal veins. This liga- 
tion was performed accidentally by Kocher 
in 1833 during a retroperitoneal lymph 
node dissection for carcinoma of the tes- 
ticle.* In 1885 Billroth mistook the vena 
cava for the left renal vein and ligated the 
inferior vena cava.9 This patient died 
shortlv after operation. Bottini and Houzel 
were among the first surgeons to have pa- 
tients survive ligation of the vena cava be- 
low the renal veins.!? Caval ligation below 
the renal veins for various reasons has been 
successfully accomplished for years.* +% 

Ripstein and Miller *° presented the first 
case of severe compromise of the vena cava 


17 


Fic. 2. Cavagram via 
a percutaneous catheter 
positioned in the proximal 
inferior vena cava. In the 
left panel dye fils the 
vena cava and both renal 
veins. Note the large col- 
lateral vein filling from 
the left renal vein. In the 
right panel dye has filled 
the vertebral veins as 
well as the ascending 
lumbar, azygos, and hemi- 
azygos veins. 
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above the renal veins. Their patients re- 
ceived a caval injury during a right nephrec- 
tomy for cancer. The vena cava was torn 
longitudinally above the left renal vein and 
sutured so as to completely occlude the 
lumen. Their patient developed anuria 
postoperatively but recovered with hemo- 
dialysis. The authors felt that the tumor had 
partially constricted the vena cava so that 
collateral venous return was already estab- 
lished when the caval injury occurred. 
Detrie* in 1956 cited the first instance 
of ligation of the vena cava above the renal 
veins in a patient of Bolot. The caval injury 
in this case was due to gunshot injury and 
the patient recovered after transient oli- 
guria. Fitzsimmons and Garvey ? reported 
a case in which the vena cava was ligated 
above and below the left renal vein after 
right nephrectomy. A splenorenal shunt was 
performed to decompress the renal vein. 
This patient survived despite moderate 
renal failure. Cassebaum et al.* reported a 
similar injury, but their patient developed 
anuria postoperatively and 14 hours later 


Fic. 3. Lateral view 
of the same cavagram. In 
the left panel dye is 
shown in the inferior vena 
cava and the ureters are 
filled with contrast ma- 
terial. In the right panel 
the large retroperitoneal 
and vertebral veins are 


filled. 


underwent reoperation. The vena cava 
above the left renal vein was repaired and 
an intravascular clot removed, reestablish- 
ing normal renal venous return. Caplan 
et al^ and Ramnath et al? have also re- 
ported survival following acute ligation of 
the suprarenal vena cava during right 
nephrectomy. 

Although there have been successful in- 
stances of acute ligation of the vena cava 
above the renal veins in humans, there is 
little experimental evidence to justify this 
procedure. In most reports, ligation of the 
vena cava above both the renal and adrenal 
veins in dogs was nearly always fatal.” +8. 
?» 27 One report, however, gave more favor- 
able results, but mortality was still signifi- 
cant.? Death in most animals occurred 
within 48 hours after ligation. Congestion 
and edema below the ligation site was a 
prominent feature and the animals ap- 
peared to have died in hypovolemic shock 
rather than from uremia. Death from ure- 
mia following bilateral nephrectomy in dogs 
usually takes from 8 to 10 days. 
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Fic. 4. Right atrial catheter injection of con- 
trast material. The inferior vena cava below the 
diaphragm is occluded and dye has refluxed into 
the left hepatic vein. 


The hemodynamic consequences of acute 
occlusion of the vena cava below the renal 
veins have been studied in humans and in 
animals,?® 14, 22,23 After ligation in man 
there is rapid fall in central venous pressure 
and sequestration of whole blood which 
may lead to hypotension, renal failure, and 
death.?® This sequence can be reversed by 
proper administration of whole blood and 
plasma. In our patient, care was taken to 
maintain a high normal central venous 
pressure with colloid replacement during 
the initial 24 to 48 hours after operation. 

A significant factor in survival following 
ligation of the vena cava above the renal 
veins is the collateral venous supply of the 
left kidney. These channels have been ac- 
curately described by Anson et al. from 
cadaver dissections. In all their examina- 
tions the left adrenal vein and left spermatic 
or ovarian vein joined the left renal vein. 
In addition, the left renal vein had lumbar 
or hemiazygos vein connections in nearly 
70 per cent of the specimens. These ade- 
quate collateral vessels account for the rea- 
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son why acute division of the left renal vein 
can be accomplished during portorenal 
shunts'? and in certain instances of ab- 
dominal aortic aneurysm resection.*° 
Collateral return following inferior caval 
ligation below the renal veins is via the 
ascending lumbar, azygos, hemiazygos, in- 
tercostal, and vertebral veins.’ Testicular or 
ovarian veins may also contribute as acces- 
sory pathways. Caval obstruction above the 
renal veins promotes similar collateraliza- 
tion, but this has not been well studied. 
In the patient reported here both the azygos 
and hemiazygos veins were filled via tribu- 
taries from the inferior vena cava and left 
renal veins. These tributaries include the 
lumbar, left adrenal, ascending lumbar, and 
vertebral veins. In addition there was a 
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Fic. 5. A composite drawing of the cavagram. 
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SURVIVAL AFTER VENA CAVA LIGATION 


large collateral vein which filled from the 
left renal vein and appeared to empty into 
the ascending lumbar vein (Fig. 5). 

Ligation of the vena cava above the renal 
veins, even when not fatal, frequently pro- 
duces significantly morbidity. There is no 
established way to alter these results, but 
experimental work in dogs has shown that 
right nephrectomy with ligation of the 
suprarenal inferior vena cava significantly 
improves the mortality rate associated with 
ligation alone.** The rationale for this dif- 
ference was stated by Sapirstein as follows: 
“The right nephrectomy was performed to 
diminish the load on the developing anas- 
tomotic circulation until it was well estab- 
lished; the anastomoses and the renal hy- 
pertrophy apparently developing at com- 
patible rates.” The clinical correlate to this 
is that the majority of reports of survival 
following ligation of the suprarenal inferior 
vena cava have been during the course of 
a difficult right nephrectomy. The observa- 
tion has been made that most of these 
nephrectomies were done for tumefactive 
conditions, and thus a greater degree of col- 
lateral circulation than normal may have 
been present. There are, however, two case 
reports of survival following right nephrec- 
tomy (normal right kidney) combined with 
ligation of the suprarenal inferior vena cava 
for gunshot and blunt trauma.* 1° 

Another possible means for reducing mor- 
bidity stems from a single case report men- 
tioned earlier." Following suprarenal caval 
ligation an immediate splenorenal shunt 
was performed to decompress the left renal 
vein and the patient survived. It is probable 
that as caval collateralization occurred, the 
pressure gradient across the anastomosis 
decreased and the shunt thrombosed. 

Neither of these latter therapeutic pro- 
posals is ideal. The first would involve the 
extirpation of a normal organ and the sec- 
ond might lead to thrombosis of the splenic 
vein. Recent studies in dogs indicate to us 
that a temporary external Graphite- Benzal- 
konium-Heparin coated shunt between the 


567 


temporal and jugular veins might be ap- 
plied clinically. Temporary shunting in dogs 
following ligation of the suprarenal inferior 
vena cava was effective in eliminating mor- 
bidity and mortality.’ 


Summary 


Acute ligation of the vena cava above the 
renal veins has been necessary during cer- 
tain abdominal and retroperitoneal proce- 
dures. A case of acute ligation of the vena 
cava above the renal veins is presented. 
Contrast radiographic studies of the inferior 
vena cava done 4 years later are shown. 
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Portal Systemic Shunt for Portal Hypertension: 


Importance of Bromsulphalein Retention for Prediction 
of Survival 


KuaNc-vuNc Hsu, M.D. 


From the Department of Surgery, National Taiwan University Hospital, 
Taipei, Taiwan, Republic of China 


ADEQUATE reserve of liver function is the 
major factor which influences the survival 
of patients with hepatic cirrhosis and portal 
hypertension, unless uncontrollable bleed- 
ing from esophageal varices per se is a 
problem. Since Blakemore, Lord and Whip- 
ple first applied portacaval and splenorenal 
shunt to the therapy of bleeding esophageal 
varices in 1945, numerous reports have con- 
firmed the effectiveness of a portasystemic 
shunt in preventing recurrent hemorrhage 
from varices in patients who have pre- 
viously bled. But increasing experience has 
indicated that encephalopathy and late 
hepatic failure was remarkable following 
either therapeutic or prophylactic portasys- 
temic shunts. 

There is great need for an accurate 
estimation of hepatic reserve in liver cir- 
rhosis and portal hypertension to determine 
the tolerance to survive portasystemic shunt 
without complication of hepatic failure. The 
author has approached this problem by sta- 
tistical analysis of those patients who under- 
went portasystemic shunt to prevent death 
from rupture of bleeding eosphageal vari- 
ces, using a group of patients treated by 
splenectomy as control The present study 
questions the effect of late hepatic failure 
after portasystemic shunt and its relation 
to survival. 


Submitted for publication June 28, 1971. 
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Material 


All patients in this series were operated 
upon at National Taiwan University Hos- 
pital from 1956 through 1970. Sixty-one pa- 
tients underwent splenectomy and 48 pa- 
tients were treated by portal systemic shunt 
(Table 1). Patients who were operated 
upon had esophageal varices demonstrable 
by esophagoscopy, contrast medium esoph- 
agogram or by splenoportography, but not 
necessarily those who had variceal bleed- 
ing. That is, 19 of 61 patients in the splenec- 
tomy group and eight of 48 patients in the 
shunt group were operated upon prophylac- 
tically. Three of 48 patients in the shunt 
group who had splenectomies, later under- 
went mesocaval shunt because of recurrent 
esophageal variceal bleeding. Eight patients 
underwent construction of portacaval shunt, 
six were end-to-side procedures and two 
were side-to-side. Splenorenal shunts were 
constructed in 24 patients and mesocaval 
shunts were performed in 17 patients. One 
patient with portacaval end-to-side shunt 
later underwent mesocaval shunt because 
of bleeding 2 years after the first shunt 
which thrombosed soon after operation. No 
particular criteria was elicited for selection 
of patients for either splenectomy or porta- 
systemic shunt. The preliminary chi-square 
tests of age distribution (Table 2), hepatic 
functional reserve by Child's classification ? 
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TABLE 1, Method of Surgical Treatment 
for Portal Hypertension 


Splenectomy 64* 
Portal systemic venousshunt 49 
Splenorenal shunt 24 
Portacaval shunt gu 
End-to-side 6 
Side-to-side 2 
Mesocaval shunt 17 


*1 Three patients later needed mesocaval shunts for 
recurrent variceal hemorrhage 2 and 4 years after 
splenectomy. 

*! One patient underwent mesocaval shunt because 
of bleeding 2 years after portacaval shunt which throm- 
bosed. 


(Table 3) and types of hepatic disease 
( Table 4) indicated that there were no sig- 
nificant differences between the two groups. 
Therefore, the two groups were considered 
to be sufficiently similar to permit a con- 
clusion by comparison of results. 


Results 


Operative Mortality. Postoperatively, 
there were six deaths in the splenectomy 
group and five in the shunt group. These 
patients died in the hospital within 40 days 
after operation. In the splenectomy group, 


one patient died of hemorrhagic shock on. 


the 3rd postoperative day. One patient died 
of cerebrovasculer accident with coma on 
the 40th day after splenectomy. The re- 
maining four splenectomized patients died 
of variceal rupture after operation. In the 
shunt group, one patient died of shock due 
to nonvariceal bleeding on the 4th post- 
operative day. Two patients died of variceal 
hemorrhage, in one at autopsy, the shunt 
was found thrombosed due to compression 
by the duodenum on the inferior vena cava 
which constructed the mesocaval shunt. In 
the other two patients, one with a meso- 
caval shunt and the other with a side-to- 
side portacaval shunt, hepatic failure de- 
veloped and they died on the 12th and 14th 
day after operation, respectively. 
Survival. Ninety-eight patients survived 
the operation and have been followed from 
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TABLE 2. Age Distribution of 61 Patients Treated by 
Splenectomy and 48 Patients Treated ` 





by Portasystemic Shunt 
Portasystemic 

Age (yr.) Splenectomy Shunt 
1-10 2 2 

11-20 1 (15) of (8) 
21-30 10 6 
31-40 25 15 
41-50 14 20 
£1-60 7 5 
61 48 


Chi-square = 4.5373, Probability > 0.1, d.f. = 3. 


3 months to 15 years. The cumulative sur- 
vival rate was computed by. the life table 
method? year by year. The survival rates 
in the splenectomy and the shunt group 
are represented in Tables 5 and 6, respec- 
tively. The survival rates at the interval of 
6—7 years were compared between the two 
groups. The chi-square value of the differ- 
ence in the survival was computed as 
0.2166, indicating that there was no sig- 
nificant difference (p > 0.1) in the cumula- 
tive survival rates between the shunt and 
the splenectomy group. This fact was also 
assured by comparing the two groups, of 
which the standard error of cumulative sur- 
vival rate showed much overlapping. There- 
fore, it is concluded that the cumulative sur- 
vival rate of the splenectomy and the shunt 
group is insignificantly different. 

Cause of Deaths. Including the opera- 
tive deaths, nineteen patients in the splenec- 


TABLE 3. Classification of Patients According to 
Child's Group of Hepatic Functional Reserve? 














Child's Group Splenectomy Portasystemic Shunt 
A 41 30 
14 15 
Ü 5 (20) 3 bcs) 
61 48 





Chi-square = 0.0959, Probability > 0.1, d.f. = 1. 
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. tomy group and 14 in the shunt group died 


(Table 7). Twelve of 19 patients in the 
splenectomy group and three of 14 in the 
shunt group died of esophageal variceal 
bleeding. The significant difference (p « 
0.05) between the two groups in the 
frequency of deaths from hemorrhage 
indicated that portasystemic shunt was 
more effective in preventing hemorrhage 
from esophageal varices than splenectomy. 
Among 14 deaths in the shunt group, eight 
patients died of hepatic failure. This is 
quite a contrast to the splenectomy group, 
in which only two of 19 patients died of 
hepatic failure. The difference was very 
significant statistically (p « 0.025). Table 
7 indicates that shunt procedure prevent 
hemorrhage, but death from hepatic failure 
occurs more frequently. 

Bromsulphalein (BSP) Retention and 
Survival Days. The preoperative hepatic 
function tests of the eight patients who 
died of hepatic failure in the shunt group 
were compared to those of 12 patients who 
died of variceal bleeding in the splenec- 
tomy group (Table 8). Except for the BSP 


TABLE 4. Types of Hepatic Disease 


Porta- 
Splenectomy systemic 

Shunt 
Postnecrotic cirrhosis 12 21 
Portal cirrhosis 13 15 
Portal fibrosis 3 3 
Schistosomiasis 2 2 

Portai vein thrombosis & (6) (6) 
postnecrotic cirrhosis 0 1 
Normal liver 1 0 

31 42 


Chi-square = 0,9613, Probability > 0.1, d.f. = 2. 


retention (p < 0.025), there were no sig- 
nificant differences between the two groups 
in the preoperative hepatic function tests. 
A correlation has been found between the 
BSP retention and the logarithm of survival 
days from the day of BSP retention test to 
the day of death in ten patients who died 
of hepatic failure, eight in the shunt and 
two in the splenectomy group. Twenty 
points of these 10 patients are plotted on 
a scatter diagram (Fig. 1). The correlation 


TABLE 5. Survival of Patients with Portal Hypertension after Splenectomy (Life Table) 


Alive at Died 


Years after Beginning during Lost to 
Surgery of Interval Interval Follow-up 
0- i 64 11 10 
1- 2 40 2 2 
2- 3 36 0 1*! 
3- 4 34 1 2 
4- 5 30 1 4*2 
5- 6 25 0 1 
6- 7 21 1 1 
7- 8 17 0 0 
8- 9 15 1 1 
9-10 13 1 2 
10-11 9 0 1 
11-12 7 i i 
12-13 2 0 0 
13-14 2 0 0 
14-15 1 0 0 


Standard Error 
Effective Cumulative of Cumulative 
Withdrawn Number Survival Survival Rate 
Alive at Risk Rate (%) (%) 
3 57.5 80.8 5.17 
0 39 76.7 5.63 
1 35 76.7 5.63 
1 32.5 74.3 5.89 
0 28 71.7 6.24 
3 23 71.7 6.24 
2 19.5 68.0 7.08 
2 16 68.0 7.08 
0 14.5 63.3 7.85 
1 11.5 57.8 8.88 
1 8 57.8 8.88 
3 5 46.2 12.54 
0 2 46.2 12.54 
1 1.5 46.2 12.54 
1 0.5 46.2 12.54 





* FThis patient and two patients in *? underwent mesocaval shunt because of repeated esophageal variceal bleed- 


ing 2 and 4 years after splenectomy, respectively. 
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TABLE 6. Survival of Patients with Portal Hypertension after Porta-systemic Shunt (Life Table) 








Standard Error 

Alive at Died Effective Cumulative of Cumulative 

Years after Beginning during Lost to Withdrawn | Number Survival Survival Rate 
Surgery of Interval Interval Follow-up Alive at Risk Rate (%) (%) 
0- 1 49 8 10 3 42.5 81.1 6.07 
1- 2 28 . 0 1 3 26 81.1 6.07 
2- 3 24. 0 1*! 4 21.5 81.1 6.07 
3- 4 19 3 0 2*2 18 67.6 8.60 
4— 5 14 1 0 1 13.5 62.6 9.30 
5- 6 12 1 0 5 9.5 56.0 10.39 
6—- 7 6 1 1 0 5.5 45.8 12.54 
7- 8 4 0 0 0 4 45.8 12.54 
8- 9 4 0 0 2*3 3 45.8 12.54 
9-10 2 0 0 2 1 : 45,8 12.54 


* The patient was primarily operated upon with porta-caval shunt and was found to have thrombosed anasto- 
mosis postoperatively and had another shunt (meso-caval) at that time because af recurrent variceal hemorrhage. 

* *Üne patient had an episode of variceal bleeding and received esophageal varices ligation one and a half years 
after mesocaval shunt. | 

* SOne patient needed colon exclusion operation 4 years after porta-caval shunt. 


TABLE 7. Cause of Deaths 


Porta- 
systemic 
Cause Splenectomy Shunt Chi-square Probability 
Hepatic failure | 2 8 6.2330" p < 0.025 
(d.f. = 1) 
Variceal hemorrhage 12 3 4.0971*? p < 0.05 
(d.f. = 1) 
Jaundice P. 1 
Hepatoma 1 1 
Cerebrovascular accident 1 0 
Shock due to postoperative 
non-variceal hemorrhage 1 1 
Cause unknown 1 0 
19 14 


The values of chi-square were computed with continuity correctior. using the following tables. 
* 


Hepatic Failure Non-hepatic Failure Total 
Splenectomy 2 17 19 
Porta-systemic shunt 8 6 14 
*2 
Variceal Hemorrhage Not Bleeding Total 
Splenectomy 12 7 19 


Porta-systemic shunt 3 p wb " 14 
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TABLE 8. Preoperative Liver Function of Patients W ho Later Died of Variceal Hemorrhage in the 
Splenectomy and Hepatic Failure in the Porta-systemic Shunt Group 


Albumin (Gm./dl) 
Globulin (Gm./dl) 

Zinc turbidity (unit) 
Thymol turbidity (unit) 
Mucoprotein (mg./dl) 
Prothrombin time (sec.) 
Bilirubin, total (mg./dl) 

. Cholesterol, total (mg./dl) 
Cholesterol, ester (mg./dl) 
Alkaline phosphatase (unit) 
Bromsulphalein retention (45 min., %) 


coefficient is computed as —0.7092 (p< 
0.001). By the method of least squares a 
straight line is fitted. When the BSP reten- 
tion lies between 15 and 40, the regression 
equation is obtained as follows, 


log Y = 3.8325 — 0.0479 X + 0.4036 


where X: per cent of BSP retention (45 
min.), Y: survival days and 0.4036 is the 
standard error of log Y. 

As shown in Figure 1, the BSP retention 
obtained from the patients who died of 
hemorrhage has fallen lowerward in the 
straight line. This means that the regression 
line has reached a dead end in the natural 
history of hepatic cirrhosis with BSP reten- 
tion at that level. Those patients who died 
of variceal bleeding did not reach the ter- 
minal of natural history and died untimely. 


Discussion 


Measurement of patient survival rate is 
necessary for evaluating the treatment of 
usually fatal chronic diseases. However, 


concerning the effectiveness of preventing 


variceal hemorrhage, this does not seem to 
be completely true for instances of hepatic 
cirrhosis with portal hypertension. The pres- 
ent study showed that the cumulative sur- 


Splenectomy Portasystemic Shunt 
Mean SE Mean SE 
4.06 0.02 3.54 0.01 
3.35 0.02 2.71 0.02 
14.36 3.40 12.55 1.66 
5 66 0.82 5.50 1.17 
67.50 32.4 67.00 13.49 
17.62 1.43 18.16 0.98 
1.40 0.65 1.26 0.02 
145.7 7.8 139.2 22.2 
80.5 0.5 74.3 26.8 
6.16 1.43 5.16 0.81 
11.18 2.87 23.97 4.51 


(t-test, 5 < 0.025) 


vival rates in the splenectomy and the shunt 


groups were not significantly different by 
statistical test. Except that Edmunds *° re- 
ported a higher survival rate in the shunt 
group than that of the non-surgical group, 





Survival 
1000 
=-0.7092 
(n20, p000) 
1000 
100 
e 
x o 
o 
o à ? 
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o Varicedl. bleeding 


Fic. 1. Graph showing the correlation between 
the BSP retention and the survival days in those 


who died of hepatic failure. Those who died of 
variceal hemorrhage were also scattered for com- 
parison, The regression equation fitted by the 
method of least squares is log Y = 3.8325 — 0.0479 
X x 0.4038. 
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many other authors * 71%: 2? agreed that no 
difference existed between those with porta- 
systemic shunts and the non-surgical group 
in survival rates. Although reports *+ 18, 20, 26 
of the effectiveness of splenectomy in con- 
trolling bleeding varices in selected in- 
stances are available, the report of Hallen- 
beck?? as well as this study showed that 
the survival rates were insignificantly dif- 


ferent between the shunt and the splenec- ` 


tomy groups. 

As for survival rates, no significant dif- 
ference was found between those who un- 
derwent splenectomy and the shunt group, 
yet there were marked differences in the 
cause of deaths between the two groups. 
It has been found that the main cause of 
death in the splenectomy group was recur- 
rent esophageal variceal hemorrhage and in 
the shunt group the main cause was hepatic 
failure. It seemed that the greatest influ- 
ence of either splenectomy or portasystemic 
shunt was well reflected in the cause of 
death. The above mentioned authors ©: 7 12» 22 
also recognized that shunt would definitely 
protect esophageal varices from bleeding 
but did not improve the natural history of 
hepatic cirrhosis. Portasystemic shunt is 
more effective for control of bleeding esoph- 
ageal varices than splenectomy, but the oc- 
currence of hepatic faliure in the shunt 
group should be avoided by selection of 
patients. 

The question now arises, is there any 
method to predict occurrence of hepatic 
failure after shunt procedure? Siegel ?^* pro- 
posed a computer based index for predic- 
tion of operative survival in patients with 
cirrhosis and portal hypertension. This sur- 
vival index has enabled preoperative separa- 
tion of cirrhotic patients into three groups 
with markedly different probability of op- 
erative survival in whom there were no 
significant differences on the basis of he- 
patic function tests. But Siegel did not take 
portal hemodynamics into consideration of 
the survival index. Warren ?* has classified 
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patients with portal hypertension into three 
groups and stressed the importance of 
hemodynamic studies. Smith ?* as well as 
Warren * have pointed out that those with 
cirrhosis and portal hypertension who have 
good portal flow are not indicated for porta- 
systemic shunt. They found that hepatic 
failure appeared to be related to an abrupt 
reduction in portal flow caused by the acute 
diversion of flow through the shunt. To 
avoid postshunt hepatic failure, patients in 
whom portal flow is normal or mildly re- 
duced should be considered candidates for 
splenectomy ?* or ablative surgical treat- 
ment." However, Price ?' reported that no 
clear cut correlation could be established 
between overall results of operation and 
either preshunt or postshunt flow or per 
cent reduction in total hepatic flow in fol- 
low-up studies. Herman !5 also stated there 
was no correlation of pressure with progno- 
sis of the patients. Attempts to assess the 
patients condition prior to operation in 
terms of hepatic blood flow have not pro- 
vided the answer.” 1? 

On the other hand, some of the hepatic 
function tests were found to be related to 
survival efter portasystemic shunt. Blake- 
more ê reported that 64 patients with cirrho- 
sis, having BSP retention averaging 21.196 
(30 min.}, were operated upon with post- 
operative mortality of only 9.3%, but BSP 
retention averaging 33.995 (30 min.) showed 
39.9% mortality. Barker‘ also stated that 
prothrombin time, serum albumin, bilirubin 
and BSP retention seemed to have some 
prognostic significance. Hara? reported 
that operative mortality in patients with 
Child's classification of group A, B and C 
were zero, 9 and 53% respectively. Satter- 
field ?* re5»orted that low white blood cell 
count, aloumin and high bilirubin, pro- 
thrombin time, BSP retention and ascites 
influenced operative survival. In the non- 
surgical series, Douglas? showed that in- 
crease in BSP retention indicated poor prog- 
nosis in hepatic cirrhosis. In Hirayama’s 
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series 1° the cirrhotic patients with BSP re- 
tention over 25% (45 min.) showed the 
3-year survival rate to be 30.3%, and 
Yoshitoshi * reported that eight of 11 pa- 
tients with BSP retention over 30% (45 
min.) died within 2 years. Although many 
authors agreed that impaired preoperative 
hepatic functions, e.g., low serum albumin, 
high bilirubin and increased BSP retention 
were related to increased mortality, the 
present study has revealed that only BSP 
retention is significantly different in the 
two groups. 

The BSP retention was reported to be 
increased by shunt procedure in 46 per cent 
of patients in Ellis’ series * and in 52 per 
cent of patients in Sedgwick’s report.” Ellis 
stated that this test was not reliable as a 
guide to determine the wellbeing of the 
patients. Hallenbeck | reported that com- 
parison of hepatic function tests performed 
before and at intervals. of up to 42 months 
after portasystemic shunt offered no proof 
that hepatic function deteriorated with un- 
usual rapidity during the first few years 
after portasystemic shunt. He also stated 
that some deterioration of hepatic function, 
rapid or slow, was characteristic of the 
natural history of cirrhosis of the liver, 
whether or not shunts were instituted. 

The BSP retention is a function of four 
variables, namely hepatic uptake, storage, 
conjugation and biliary excretion. If any 
one or more of these variables e.g. hepatic 
uptake is retarded by decrease in portal 
flow, the BSP retention may be increased. 
Therefore, it is assumed that if portal blood 
is diverted more completely by either intra- 
hepatic shunt via capillarization of the 
sinusoids ^? or through the portasystemic 
shunt surgically constructed, it is more 
likely that BSP retention may increase. The 
present study has revealed that the occur- 
rence of hepatic failure in the shunt group 
has definite relation to the significant in- 
crease in BSP retention. The nature of rela- 
tionship between BSP retention and days 


of survival of those who later died of 
hepatic failure has been found to be most 
closely to approximate an exponential func- 
tion. The regression equation proposed in 
this study is useful to predict days of sur- 
vival of patients with cirrhosis and portal 
hypertension after shunt procedure. It can 
also indicate proper selection of patients for 
surgical treatment to reduce the incidence 
of hepatic failure. For example, if the BSP 
retention is 2596 (45 min.), survival should 
be about 431 days. To avoid occurrence of 
hepatic failure, splenectomy and coronary 
vein ligation or ligation of esophageal varices 
may be preferable. 


Summary and Conclusion 


Of 109 patients with portal hypertension, 
48 underwent portasystemic shunt and 61 
were treated with splenectomy. The hos- 
pital death rates within 40 days of opera- 
tion were 9.4% in the splenectomy group 
and 10.02% in the shunt group. The cumu- 
lative survival rates between the splenec- 
tomy and the shunt group did not show 
significant differences. Twelve of 19 deaths 
in the splenectomy group were due to vari- 
ceal bleeding as contrasted to three of 14 
deaths in the shunt group. Eight of 14 
deaths in the shunt group were caused by 
hepatic failure, but only two out of 19 
deaths in the splenectomy group were due 
to hepatic failure. It is apparent that porta- 
systemic shunt largely protects cirrhotic pa- 
tients from variceal hemorrhage but fails to 
improve the survival rate because of deaths 
from hepatic failure. The BSP retention was 
found to be the only factor related to he- 
patic failure after portasystemic shunt. A 
linear correlation has been found between 
the BSP retention and logarithm of the days 
of survival of those patients who later died 
of hepatic failure after operation. The re- 
gression equation offers the basis to predict 
the length of survival in patients who un- 
dergo shunt operation for portal hyper- 
tension. 
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Effectiveness of Transfusions in Postoperative Patients 
as Measured by 24-Hour Red Cell Survival 


TaxayosHt Matsupa, M.D., Wi.LiAM. C. SHOEMAKER, M.D. 


From the Departments of Surgery, University of Illinois, Abraham Lincoln School of Medicine, 
Chicago, and Mount Sinai School of Medicine, New York City 


SIGNIFICANT percentages of transfused red 
cells disappear from the circulation in the 
first 24 hours after transfusion; thereafter, 
red cells disappear slowly but steadily. 'The 
rate of this initial red cell disappearance de- 
pends upon the storage period and preserva- 
tion technic. 

In vico 24-hour survival rate of post- 
transfusion red cells is one of the most 
meaningful measurements of the effective- 
ness of transfused blood and thus a measure 
of the technic of blood preservation.* The 
arbitrary criteria for acceptibility for banked 
human blood is that the average 24-hour 
post-transfusion red cell survival must be 
greater than 70%; that is, half of the blood 
transfusions must have 7096 of their red 
cells circulating 24 hours after administra- 
tion. Blood preserved in the standard ACD 
(acid-citrate-dextrose) solutions for periods 
up to 21 days of storage has been shown to 
fulfill this criterion." * Other preservatives 
such as CPD (citrate-phosphate-dextrose ) 
and ACD-Adenine (addition of adenine to 
standard ACD solution) have been shown 
to increase the shelf-life of stored blood to 
at least 28 days *? and to 35 days respec- 
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tively.” ° However, measurements of the ef- 
fectiveness of these preservatives were 
studied in healthy volunteers and in rela- 
tively stable medical patients. 

Using an automated differential aggluti- 
nation technic, Szymanski and Valeri 
have shown that the 24-hour survival rate 
and mean life spans of ACD stored blood 
were similar to that of previously frozen red 
cells. The frozen blood also had an addi- 
tional red cell loss in vitro of 28% from the 
freezing process. The transfused, previously 
frozen blood contained nonviable red cells 
in amounts comparable to ACD blood that 
had been stored for periods longer than 2 
weeks. The mean life span of viable red 
cells from either ACD stored blood or pre- 
viously frozen blood were similar. Pre- 
viously, Taube et al? independently labeled 
the recipient's red cells with DFP*? and the 
transfused cells with Cx*'; they showed that 
the rate of radioactivity decrease of the 
transfused cells after the first 24 hours was 
the same as that of the recipient’s own cells. 

The present studies were undertaken to 
compare the 24-hour red cell survival of 
blood stored in various preservatives and 
transfused into surgical patients. The red 
cell survival of this banked blood was also 
studied after transfusing it back into the 
original blood donor in order to evaluate 
the post-traumatic state as they affect sur- 
vival of red cells. 
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24 HOUR RED CELL SURVIVAL OF 49 PATIENTS 


yo} "ACD BLOOD 
« CPD BLOOD 
w ACD-ADENINE BLOOD 





35 42 
STORAGE 


2l 28 
DAYS OF 


14 


Fic. 1. The 24-hour red cell survival values in 
49 units of blood transfused into 21 paired surgical 
patients are pots against the duration of their 
storage period in days. The line at the 70% indi- 
cates arbitrary criteria; for acceptibility half of 
the banked human blood of a given preservative 
and duration of storage must be above this limit. 
ACD blood (up to 21 days), CPD blood (up to 
28 days), and ACD-Adenine blood (up to 35 days) 
were acceptable, but ACD-Adenine blood older 
than 38 days did not meet this arbitrary criterion. 


Material and Methods 


Clinical Materials. Forty-nine patients 
were studied in immediate post-traumatic 
or postsurgical period. Most of these pa- 
tients sustained major trauma and many of 
them had undergone major surgical pro- 
cedures. However, none of them had ac- 
tive blood loss at the time of the study. 

Technic. In brief, the stored red cells 
were labeled with Cr"! in vitro under sterile 
conditions immediately prior to transfu- 
sion.^'? Initial blood samples were drawn 


TABLE 1. 24-Hour Red Cell Survival after Transfusion of 
ACD, CPD and ACD-Adenine Blood Given to 
Post-trauma and Postoperative Patients 
Preservative ACD CPD ACD-Adenine 
Average storage 19 days 27 days 35 days 41 days 

period 
No. of patients 15 10 10 14 
Average24-hour 77% 74% 75% 59% 
survival range | (64-86) (54-88) (61-85) (42-75) 
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immediately after the transfusion for the 
radioactivity of the circulating red cells. 
Other samples were drawn 24 hours later 
for assay of red cell radioactivity; the 24- 
hour red cell survival was expressed as a 
per cent of the immediate post-transfusion 
red cell radioactivity. 

In 21 cases, an aliquot of the stored blood 
was transfused into the trauma patients and 
a second aliquot of the same blood was 
transfused. back into the original volunteer 
blood donor. The blood samples of each 
patient were drawn and analyzed as above. 

Blood. Blood was drawn from routine 
donors or healthy volunteers with standard 
blood bank technic. Four kinds of stored 
blood were tested in this study: a) ap- 
proximately 3-week-old ACD (acid-citrate- 
dextrose solution, USP and NIH formula 
A blood: b) approximately 4-week-old 
CPD (citrate-phosphate-dextrose)* blood; 
c) approximately 5-week-old ACD-Adenine 
(ACD solution with 33 mg. of adenine)** 
blood; and d) approximately 6-week-old 
ACD-Adenine ** preserved blood. 


Results 


The data are summarized in Figure 1 and 
Table 1. The average 24-hour post-transfu- 
sion red cell survival with approximately 
3-week-o'd ACD blood was 77%; with 4- 
week-old CPD blood it was 7496; with 5- 
week-old ACD-Adenine blood it was 75%; 
and with 6-week-old ACD-Adenine blood 
it was 59%. Thus, all but the 6-week-old 
ACD-Adenine preserved blood were ac- 
ceptable by the arbitrary criterion of 7096 
24-hour-red cell survival for half of the 
transfused blood. 

In 21 paired studies (Fig. 2, Table 2), 
the difference between the 24-hour trans- 


* Supplied by Abbott Laboratories, North Chi- 
cago, Illinois. 

** Supplied by Fenwal Laboratories, Morton 
Grove, IlEnois. 
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fused red cell survival values of surgical 
patients and healthy donors were not sig- 
nificant in any of the subgroups. Moreover, 
considering the pairs of all groups as a 
whole there was no significant difference 
between the survival of red cells in the 
trauma patient as compared with reinfusion 
of the cells back into the original donor. 


Discussion 


Data in this study indicates there is no 
statistical difference in 24 hour red cell sur- 
vival rates of banked blood transfused into 
acutely injured patients as compared with 
healthy donors (Fig. 1). Therefore, the post- 
transfusion survival of red cells is primarily 
a function of preservatives and the duration 
of the storage period, rather than a function 
of the status of the recipients. Moreover, 
since 4 week old CPD and 5 week old ACD- 
Adenine blood are acceptable to medical 
patients,*-* they should also be acceptable 
in acutely injured patients. | 

As the need for blood transfusions con- 
tinues to increase, the demand for banked 
blood is greater than the demand to in- 
crease the shelf life of preserved blood. 
Nevertheless, homologous serum jaundice 
as well as major and minor incompatibilities 
are well-known hazards of blood transfu- 
sions. Recently, Langston et al95 1? have 
described their experiences with autogenous 
transfusions. The major problem for ob- 
taining the patient’s own blood for subse- 
quent intraoperative and postoperative 
transfusion is the 21 day limit of blood 
preservation. By extending the shelf life of 
the preserved blood, it may be possible to 
have the logistic capability for sufficient 
transfusions of the patient’s own blood for 
autotransfusions during the time of his elec- 
tive operation. This would eliminate the 
necessity for cross-matching as well as the 
complications of hepatitis and transfusion 
reactions, 


xl e PATIENT 
^ DONOR 


ACD-AD-42D. 


CPD-28D. fACD-AD-35D. 


ACD-21D. 





Fic. 2. The 24-hour red cell survival of 21 
aliqvots of the preserved blood was given both to 
paired recipients; surgical patients and also to the 
original donor. Each ‘block in the figure indicates 
the preservative and the storage period. 


These and previous studies suggest that 
patients xeceiving massive transfusions for 
acute blood loss will lose an average of ap- 
proximately 2596 of the transfused red cells 
within the first 24 hours; for example, a 
patient who required 8 units of blood to 
restore blood volume after an acute hemor- 
rhage may also require an additional two 
units in the subsequent 24 hours. Therefore, 
careful monitoring with serial hematocrit 
and blood volume determinations is desir- 
able for a few days, even though bleeding 
has stopped and the acute blood loss has 
been corrected. 


TABZE 2. Average 24-Hour Red Cell Survival in Paired 
Study of Aliquots of Preserved Blood Given lo Trauma 
Patient and to the Original Denor 


Average Average 
Survival Survival 
in in 


No. of Patients Donors 

Preservatives Studies (%) (95) 
ACD-21 day 9 81 80 
CPD-28 day 5 75 77 
ACD-Adenine- 

35 day 6 80 82 
ACD-Adenine- 

42-day 5 70 71 
Mean 77 78 
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Summary 


A study of 24-hour red cell survival in 49 
surgical patients with no active bleeding, 
sepsis or hematologic disease and 21 healthy 
volunteers is summarized. Posttransfusion 
red cell viability depends on the preserva- 
tion technic and storage period, but not on 
the condition of the recipients. The 21-day- 
old ACD preserved blood, 28 day CPD 
blood and 35 day ACD-Adenine blood were 
found to be acceptable by the commonly ac- 
cepted criterion of 70% 24-hour red cell 
survival. Use of autotransfusion for elective 
surgical patients becomes feasible with pro- 
longation of the storage period. The im- 
portance of careful monitoring of red cell 
mass on patients with acute blood loss is 
emphasized. 
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The Cephalic and Basilic Veins in Peripheral 
Arterial Reconstructive Surgery 


SERGIO STIPA 


From the Semeiotica Chirurgica, University of Rome, Rome, Italy 


Tue saphenous vein is now considered 
the best material for use in long bypass 
grafts. The largest experience has been ac- 
quired in the femoro-popliteal graft which 
has shown a patency rate of 7396 at 5 years. 
The results of other authors have been less 
satisfactory, but better than results achieved 
with dacron grafts.? & 11 17 

Occlusive disease of the tibial arteries is 
a second problem for which saphenous 
veins have been used for bypass grafts 
with gratifying results. Experience is still 
limited but vein grafts have proved to 
be the only solution to this problem.* 1° 
Saphenous veins were used as axillo- 
femoral grafts in two patients with aorto- 
iliac occlusive disease who had several 
contraindications to a direct approach 


employed when the sephalic vein was of 


inadequate diameter. 


Clinical Material 


Twelve patients were operated upon. 


The patients, all men, ranged in age from 


through the abdomen. Louw ™ performed : 


the operations in 1963 and reported that 
early results were good and believed that 
this graft was preferable to the dacron 
graft. 

A serious drawback in the saphenous 
vein technic is that there is an inadequate 
diameter or length in about 25 per cent 
of the patients. The vein can also be ab- 
sent due to a previous stripping operation. 
Kakkar? solved this problem by utilizing 
the cephalic vein in the femoro-popliteal 
area of seven patients. We have confirmed 
his results and extended the use of this 
vein to other areas. The basilic vein was 


Submitted for publication March 5, 1971. 


581 


29 to 79 years, with an average age of 63. 
Severe coronary disease was present in six 
and six patients had severe pulmonary em- 
physema or silicosis. One patient had a 
previous episode of cerebral thrombosis. 
No patient underwent operation for symp- 
toms of intermittent claudication alone. 
Five patients had rest pain and seven had 
ischemic ulcerations in one or more toes. 
Nine patients underwent operation for 
femcro-popliteal occlusive disease. In six 
a common femoral to popliteal bypass 
graft was used and in three patients a 
common femoral to posterior or anterior 
tibial bypass graft was performed. One pa- 
tient had a bilateral femoro-popliteal by- 
pass graft. 

Preoperative arteriography, which was 
performed in all nine patients revealed a 
good runoff in only one patient (grade 
117). In one leg of the patient with bilateral 
graft and in another patient, the outflow 
was of grade 2 (only one tibial artery was 
open). In six patients and in one leg of the 
patient with bilateral graft no tibial artery 
was open and the outflow from a short 
segment of visualized popliteal artery was 
entirely through collateral veins (grade 3). 
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TABLE 1. Indications for Use of Cephalic and 
Basilic Veins 


Type of Graft 


Axilo-  Femoro- Femoro- 
femoral popliteal tibial 
Saphenous vein 
completely in- 
adequate 1 5 — 
Saphenous vein 
partially in- 
adequate 2 — 3 
Previous saphenous 
graft occluded — 2 — 


Three patients underwent operation for 
aorto-iliac occlusive disease. One under- 
went unilateral axillary to unilateral fem- 
oral bypass and two had unilateral axillary 
to bilateral femoral bypasses. These proce- 
dures were performed because the risk of 
direct surgical approach through the ab- 
domen was considered too high. Arteriog- 
raphy which was performed in one patient 
showed. multiple stenosis in the iliac arte- 
ries and complete block of the left com- 
mon femoral artery and both superficial 
femoral arteries. The other two patients 
had diffuse iliac disease indicated by very 
poor femoral pulses and bruits. There were 
no pulses below the femorals. 

Indications for use of cephalic or basilic 
veins in the 12 patients in this study are 


4 M4 






EZERCEPHALIC VEIN 
ENI BASILIC VEIN 
CTI SAPHENOUS VEIN 
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shown in Table 1 and the type of graft 
performed is shown in Figure 1. 


Operative Technic 


The veins were removed through several 
small incisions about 10 cm. apart: The 


cephalic vein from the wrist to the point 


below the clavicle where it deepens to 
enter the axillary vein, and the basilic vein, 
either from the wrist to the elbow or to 
the lcwer margin of the pectoralis major 
muscle. In general we preferred the ce- 
phalic vein because it was more constant ^ 
and uniform but did not hesitate to use any 
vein or combination of veins to get the 
best possible graft. 

An end-to-end anastomosis was used be- 
tween segments of veins, after spatulation 
of the extremities. Some difficulties have 
been encountered in handling the cephalic 
and basilic veins because their walls are 
thinner compared to those of the saphenous 
vein. Careful attention to every detail is 
necessary to obtain a good result. 

The operative technic in the femoro- 
popliteal and femoro-tibial bypass has been 
a standard end-to-side anastomosis be- 
tween the graft and the two arteries ac- 
cording to Kunlin? and Linton and Dar- 
ling.?° The only exception was one patient 
with femoro-tibial graft and one patient 


- with femoro-popliteal graft who had under- 


gone endarterectomy of the profunda 
femoris artery through an arteriotomy 
which went beyond the area of severe ste- 
nosis. The anastomosis of the graft was 
performed at this point so as to enlarge 
the arterv. In the patient with common 
femoral to anterior tibial bypass, the graft 
passed under the sartorius muscle in the 
popliteal fossa and through the inter- 
osseous membrane. 

The technic used in the axillo-femoral 
bypass has been reported in another pa- 
per*® but basically was described by 
Blaisdell and Hall in 1963. Endarterectomy 
of the profunda femoris artery was per- 
formed in every patient in this group. 
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Results 


Postoperative complications were encoun- 
tered only in two patients with axillo- 
femoral bypasses. In the first patient with 
unilateral axillary and bilateral femoral by- 
pass, 5 days after operation, the portion 
of the graft between the vein bifurcation 
and the right femoral artery occluded. At 
reoperation 12 hours after occlusion, a 
sharp angulation of the graft at the in- 
guinal ligament was observed. The graft 
was reopened with a Fogarty catheter and 
the angulation was corrected with an inci- 
sion in the inguinal ligament (Fig. 2). 

The second patient developed a false 
aneurysm of the suture line between the 
cephalic and basilic vein. A short bypass 
with saphenous vein, after ligature of the 
graft above and below the aneurysm, cor- 
rected the defect. The results are shown in 
Figure 3. These patients have been exam- 
ined in intervals ranging from 1 to 1l 
months after operation. 

Of the seven patients with ulcerations, 
healing was observed in five. One patient 
required a transmetatarsal amputation of 
the first toe and is now asymptomatic 6 
months after bypass. In the last patient 
with ulcerations, after one month progress 
is slow in healing of the axillo-femoral 
bypass. Late failure of the graft was ob- 
served in three patients and unfortunately 
in one, failure was consequent to arteri- 
ography 5 months after operation. In this 
patient the leg remained viable although 
there was residual claudication. 

In the second patient the leg remained 
viable probably because of endarterectomy 
of the profunda femoris artery which was 
stenotic at the time of grafting. 

The third patient required an AK ampu- 
tation and he died one month later of myo- 
cardial infarction. Another patient, with 
unilateral axillary bilateral femoral bypass 
died 4 months after operation from the 
same cause. 
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Fic. 2. Arteriography porama in the patient 
with right axillary to both common femoral arte- 
ries bypass, 3 months after operation. 


Case Reports 


Case 1. Common Femoral to Popliteal Bypass 
with Basilic Vein. C. F., a 63-year-old patient 
entered the hospital on January 20,, 1970, with 
intermittent claudication in the right calf which 
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developed after walking 100 meters, since Novem- 
ber 1969. A few days before admission, rest pain 
developed in the right foot. Arteriography showed 
a superficial femoral block with grade I runoff. 
On January 27, 1970, a common femoral to poplit- 
eal saphenous bypass was performed. Unfortu- 
nately the right saphenous vein was of inadequate 
diameter and the left vein was borderline with a 
diameter of 4 mm. 

The bypass was constructed with this vein but 
occluded a few days after operation. The patient 
refused reoperation but on April 4, was readmitted, 
with a small ulceration of the second digit. Only 
the basilic veins were of adequate diameter and 
a new common femoral to popliteal bypass was 
constructed with the left basilic vein. The pre- 
vious graft was not removed, the upper anasto- 
mosis was performed at the site of the previous 
one and the lower anastomosis, about 1 cm. 
below. 

Eleven days after operation the patient left 
the hospital with good signs of healing on the foot. 
Fifteen days later the ulcerations healed com- 
pletely and the patient had no more complaints 
when last seen 3 months after operation. 

Case 2. Common Femoral to Popliteal Bypass 
with Cephalic and. Basilic Veins. L. A., a 63-year- 
old patient entered the hospital on November 26, 
1970 with a l-month history of claudication in 
the left calf, after 100 meters, and rest pain at 
night in the left fifth digit. There was severe is- 
chemia at this level but no ulceration. Arteriog- 
raphy showed a long femoral block and a poor 
grade III run-off. The saphenous veins were very 
small and a common femoral to popliteal bypass 
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was performed with the right cephalic and basilic 
veins anastomosed end-to-end. The patient left 
the hospital 14 days after operation and has re- 
mained without symptoms. The last follow-up was 
8 months after operation. 

Case 3. Common Femoral to Anterior Tibial 
Bypass with Saphenous and Cephalic Veins. L. A., 
a 47-year-old patient entered the hospital on 
January 19, 1970, with a 7-year history of inter- 
mittent claudication in the right calf. In July 1966 
the patient had injured the right foot and devel- 
oped two ulcerations in the second and third toes. 
He was treated in several hospitals with anti- 
coagulants, vasodilators and intra-arterial injec- 
tions of novocain. In August 1967, the ulceration 
healed. Two months before admission the patient 
noticed severe rest pain with ulcerations of the 
first right toe, intermittent claudication after 100 
meters in the left calf and Raynaud phenomenon 
in both hands with a small ulceration of the left 
fifth digit. 

Right femoral arteriography showed a block 
which extended from Hunters canal to the po- 
pliteal artery. The run-off was only through col- 
laterals, the posterior tibial artery was completely 
blocked and the anterior tibial artery was open 
only for the first 5 cm. On February 30, 1970 a 
right common femoral to anterior tibial bypass 
with saphenous vein, united end-to-end to a seg- 
ment of 20 cm. of right cephalic vein, was per- 
formed. The graft passed under the sartorious 
muscle, between the gastrocnemii and through the 
interosseous membrane. The patient left the hospi- 
tal 8 days after operation and returned on June 26 
for transmetatarsal amputation of the right big toe. 

In the last follow-up, 6 months after the first 
operation, the patient is asymptomatic on the 
right Jeg but complains of intermittent claudi- 
cation in the left calf and moderate pain in the 
left hand (Fig. 4). 

Case 4. Unilateral Axilliary Bilateral Common 
Femoral Bypass Graft with Basilic and Cephalic 
Veins. C. F., a 68-year-old patient was admitted 
on March 6, 1970. Four years before admission 
he had a cerebral thrombosis. Two episodes of 
myocardial infarction were sustained 6 months 
and 2 months before admission. In February 1966 
he began to complain of intermittent claudication 
in both calves, in the beginning, after about 100 
meters, and in Spring 1969, after 20-30 meters. 
In January 1970 severe pain appeared in the right 
foot. Examination on admission showed a frail 
old man with blood pressure of 200/100, and 
auricular fibrillation. ECG showed signs of pre- 
vious infarctions. There were no pulsations below 
the aorta, severe ischemia of the right foot but 
no ulceration. 
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Fic. 4. Common femoral to anterior tibial ar- 
tery bypass, with saphenous and cephalic veins, 
6 months after operation. 
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We thought unadvisable to perform a trans- 
abdominal operation and on April 1, 1970, under 
local anesthesia a reconstructive operation was 
performed. Exploration of the right femoral arte- 
ries showed complete occlusion but the profunda 
femoris artery was open after the first cm. Open 
endoarterectomy of this artery resulted in a good 
backflow and a graft with a diameter of 5 mm. 
was constructed with the right cephalic and basilic 
veins because exploration of the saphenous veins 
showed an inadequate diameter for most of their 
extension. A subcutaneous right axillary to right 
profunda femoris artery bypass was performed. 
The graft functioned well but on April 27, 1970 
the patient was reoperated upon because a small 
false aneurysm developed at the site of the end- 
to-end anastomosis of the veins. The patient com- 
plained also of severe rest pain in the left foot. 

Under local anesthesia the graft was ligated 
above and below the aneurysm and bypassed 
with a short segment of saphenous vein. With 
the left cephalic vein a bypass was constructed 
between the previous graft above the anastomosis 
of the saphenous vein and the left profunda 
femoris artery. Fourteen days after the second 
operation the patient left the hospital with good 
circulation in the legs and no rest pan. On July 
27, 1970 the grafts were functioning when the 
patient died of a myocardial infarction. 


Comment 


These patients clearly illustrate the use- 
fulness of cephalic and basilic veins in 
several conditions which are commonly 
met in peripheral arterial reconstructive 
surgery. 

The use of saphenous vein of inadequate 
diameter in Case 1 was a definite error. We 
no longer use this vein if the diameter is 
4 mm. or less. In Case 3 the addition of 
the cephalic vein was a good solution to 
the problem of the long graft. 

Case 4 illustrated the importance of 
technic in the end-to-end anastomosis of 
the veins of the upper limb which are 
more delicate and require more careful 
handling than the saphenous vein. It il- 
lustrated also the great possibilities of the 
profunda femoris artery which is almost 
always open after the first cm. or so. 
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Discussion 


The results in our patients have been 
satisfactory if we consider that most had 
severe occlusive disease with poor run-off 
and that one of the three patients with late 
occlusion of the graft had this complica- 
tion after arteriography. In the other pa- 
tients the occlusion of the graft has not re- 
sulted in the loss of the limb, in one, pre- 
sumably because we performed an endarte- 
rectomy of the profunda femoris artery 
which was severely stenotic at the time of 
the bypass graft. It is very important to 
perform endarterectomy when a stenosis 
of this artery is demonstrated. 

We would like to emphasize two points: 
first, we have never encountered any diffi- 
culty in finding a good vein or combina- 
tion of veins to construct an adequate 
graft, and second, that the alternative 
technic, in specific circumstances of our 
patients, could be generally regarded to 
be of inferior quality. In the femoro-poplit- 
eal and femoro-tibial group, only in one 
patient with good run-off and an adequate 
popliteal artery could an endarterectomy 
be performed. 

In the patients with aorto-iliac block, 
the extraperitoneal approach had to be 
excluded because the disease was too ex- 
tensive. An alternative could have been use 
of a dacron graft but the results published 
indicate a high percentage of occlusion.» 
Hall? reported a 2-year patency rate of 
50% in 55 cases. The patency rate of the 
vein grafts in this area can be theoretically 
considered to be better than the patency 
rate of the saphenous grafts in femoro- 
popliteal disease. It is well known that 
high flow-rates are important to prevent 
thrombosis of grafts and Mannick et al.'? 
have demonstrated that the blood flow in 
axillofemoral grafts is equal or better than 
the best flow observed in the femoro- 
popliteal grafts. 

It is too early to draw definite conclu- 
sions but if our early results are confirmed 
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in the long-term follow-up, the use of 
dacron grafts for axillofemoral bypass can 
be completely discarded. 

Kakkar 5 mentions two advantages of the 
cephalic vein compared to the saphenous 
vein. First, the possibility of using two 
teams to perform the operation may reduce 
its duration. Second, the fact that the ce- 
phalic vein is always wider than the sa- 
phenous vein, particularly at the distal end. 
We agree with this but on the other hand 
we have found the cephalic and basilic 
veins to be rather delicate and more diffi- 
cult to handle than the saphenous vein, 
especially at the proximal end, which 
causes some difficulty in fashioning the 
distal anastomosis. 


Summary 


The cephalic and basilic veins were em- 
ployed in 12 patients to construct femoro- 
popliteal, femoro-tibiel and unilateral or 
bilateral axillofemoral bypasses when the 
saphenous vein was either absent or of in- 
adequate diameter. This experience dem- 
onstrates that it is generally possible to 
construct a venous graft of adequate di- 
ameter and length under local anesthesia 
and minimum operative trauma, with early 
satisfactory results. 
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Respiratory Gas Tensions and Collagen in Infected Wounds 


Juna NuNwikoski, M.D., Gunta Gurus, B.A., Tuomas K. Hunt, M.D., F.A.C.S. 


From the Department of Surgery, University of California School of Medicine, 
San Francisco, California 94122 


CONTAMINATION with virulent bacteria 
occurs in almost all external wounds, yet 
relatively few become infected.‘ The ability 
of injured tissues to resist infection depends 
mainly on the local circulation and, in par- 
ticular, the blood fow.? Hunt * showed that 
the Po. of wounds infected with Pseudo- 
monas aeruginosa was lower than that in 
normal wounds. Since lack of oxygen ap- 
pears to be a limiting factor in wound 
repair and collagen synthesis, it seems 
probable that retarded healing of infected 
wounds is at least partly due to an im- 
paired supply of oxygen. This study was 
designed to further explore this relationship. 


Materials and Methods 


A standardized wound infection model 
modified from that described by Hunt and 
colleagues 7 was used for the present study. 
The technic depends upon the creation of 
a dead space within the wound, which can 
be infected and subsequently sampled ‘at 
will Viscose cellulose sponge ( Visella®, 
Säteri, Oy, Valkeakoski, Finland) was cut 
into cylindrical pieces 5 cm. long and 1 cm. 
in diameter and a tunnel 3 mm. in diameter 
was made through the center of the sponge. 
Silicone rubber discs (10 mm. in diameter 
and 2 mm. thick) were stitched onto both 
ends of a sponge to create a stable dead 
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space which will fill with wound fluid (Fig. 
1). The cvlinders were sterilized by boiling 
for 30 min. in physiological saline solution 
prior to implantation. Incisions 3 cm. long 
were made in the dorsal midline of male 
adult Sprague-Dawley rats weighing 200 to 
250 Gm. and two cylinders were implanted 
longitudinally under the skin, one on each 
flank. The incision was closed with silk 
sutures. 

Five days after implantation, 0.2 ml. of 
wound fluid was aspirated from each cylin- 
der for culture and the first samples of 
wound fluid were removed for gas analysis. 
Immediately thereafter, 1 ml. of a dilution 
of a 24-hour culture of Proteus mirabilis 
was injected into the dead space of the 
cylinders of the experimental group. The 
average number of bacteria injected per 
cylinder was 5 x 10°. Each cylinder in the 
control animals was injected with 1 ml. of 
sterile nutrient broth. No cylinders were 
infected at the time of inoculation. Samples 
for gas analyses were aspirated on days 10, 
16, 21, 25 and 30. 

Thirty days after implantation, 0.2 ml. 
of wound fluid was aspirated from each 
cylinder. The samples were placed im- 
mediately into nutrient broth, cultured and 
the bacteria were identified. Proteus mirab- 
ilis was cultured from each experimental 
wound but all control wounds remained 
sterile. 

Wound fluid was aspirated with sterile 
hypodermic needles as described by Hunt 
and coworkers. From each implant, 0.5 to 
2 ml. of fluid were collected, and Pos, Pcos 
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and pH were determined by the routine 
method of our laboratory.? 

At 30 days the animals were anesthetized 
with ether and were killed and weighed. 
The cylinders were removed and stored 
frozen for analysis of collagen. The tissue 
samples, each consisting of one implant, 
were homogenized in 10 ml. of 0.45M so- 
dium chloride solution and the collagen of 
the granulation tissue was divided into 
three fractions according to solubility: (1) 
neutral salt-soluble collagen was extracted 
twice for 24 to 2 hours, respectively, with 
10 ml. of 0.45M sodium chloride solution; 
(2) acid-soluble collagen was extracted in 
the same manner with 0.5M acetic acid 
solution; and (3) insoluble collagen was de- 
termined in the residue. The hydroxyproline 
in these collagen fractions was assayed ac- 
cording to the method of Woessner.? The 
polymerization index, reflecting the matura- 
tion of collagen, was calculated as a relative 
portion of insoluble collagen hydroxypro- 
line from the total hydroxyproline content 
(polymerization index — 100 x insoluble hy- 
droxyproline/total hydroxyproline). 


Results 


General Observations. From day 10 on- 
ward fluids aspirated from infected im- 
plants were cloudy or opalescent but in the 
controls, wound fluid was serous, homoge- 
nous and only slightly opalescent. Since the 
infected implants were easier to aspirate, 
they probably produced more wound fluid 
than the control wounds. The animals of 
both groups gainea similar amounts of 
weight and weighed 310 to 365 Gm. at the 
end of the experiment. 

Oxygen. In the control wounds the mean 
oxygen tension increased progressively and 
almost linearly from 7 mm. Hg on the fifth 
day to 29 mm. Hg on the thirtieth day. In 
the infected wounds Pos dropped to 0 mm. 
Hg in each wound on the tenth day and re- 
mained at zero thereafter until the end of 
the experiment (Fig. 2). 





Fic. 1. Viscose cellulose sponge cylinder used 
for aspiration of wound fluid from the dead space. 
a, cylindrical sponge. b, tunnel creating the dead 
space. c and d, silicone rubber discs. 


Statistical analysis by the Student t-test 
showed a highly significant difference be- 
tween the control values for the fifth and 
sixteenth day (p « 0.005) and also for the 
values of control and infected wounds on 
each indicated dav from the tenth day on- 
ward (p « 0.001). 

Carbon Dioxide. The Poo, values in the 
infected cylinders did not differ essentially 
from those in control wounds ( Fig. 3). The 
Pcos level between days 5 and 10 was 
about 120 mm. Hg. This was followed by 
an over-all decline in the mean Pco; to 70 
mm. Hg by the sixteenth day; this level 
was maintained until the twenty-fifth day. 
A final drop to approximately 50 mm. Hg 
occurred from day 25 to day 30. 

The changes in Pco, in each group be- 
tween the tenth and sixteenth day were 
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Fic. 2. Oxygen tensions in control and infected 
wounds of rats, measured by aspiration from the 
dead space. Each value represents the mean of 6 
to 13 determinations. 
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Lise pH. In control wounds the mean pH 

"m er increased from 6.89 on the fifth day to 7.05 

between the fifteenth and twenty-fifth day 

130 and then rose to 7.13 by the thirtieth day 

(Fig. 4). In infected wounds the level of 

e 6.80 was maintained until the tenth day; 

5s the mean pH then increased sharply and 
progressively to 7.18 by the thirtieth day. 

70 The differences between the control and 

experimental group were statistically sig- 

d T = 41 STANDARD ERROR OF THE MEAN nificant on the tenth day (p < 0.05), twenty- 

zà fifth day (p< 0.001) and thirtieth day 


DAYS AFTER IMPLANTATION 


Fic. 3. Carbon dioxide tensions in control and 
infected wounds of rats, measured by aspiration 
from the dead space. Each value represents the 
mean of 6 to 13 determinations. 


statistically significant (p « 0.005). The 
progression from the twenty-fifth and thir- 
tieth day was also significant in each group 
(p < 0.05). The differences between the 
infected and control groups were not sig- 
nificant, however. 





DAYS AFTER IMPLANTATION 
Fic. 4. The pH in control and infected wounds 


of rats, measured by aspiration from the dead 
space. Each value represents the mean of 6 to 13 
eterminations. 


(p « 0.05). 

Collagen. The amounts of hydroxypro- 
line in the different collagen fractions are 
shown in Table 1. Proteus mirabilis infec- 
tion clearly decreased the accumulation of 
collagen as compared with control wounds. 
However, cross-linking of collagen was not 
affected by infection, since the polymeriza- 
tion index was essentially the same in the 
two groups, i.e., 84.7 + 3.1% in the infected 
wounds and 87.8 + 0.596 in the controls. 


Discussion 


The biochemistry of the wound model 
used in the present study has been thor- 
oughly investigated (Fig. 1).5? 14:20 The 
composition of wound fluid filling the cen- 
tral dead space has also been extensively 
studied.'^: 21 

Proteus mirabilis used in this study was 
originally cultivated and isolated from a 
spontaneously infected sponge cylinder. 
Proteus mirabilis is a flagellated and very 
mobile bacterium. It is fairly nonpathogenic 
but since it is resistant to most antibiotics 
it is common in mixed wound infections. 
High urease activity is one of its unique 
characteristics. 

Wound fluid obviously serves as a good 
medium for bacterial growth. In fact, 
wound fluid has been used to stimulate the 
growth of Lactobacillus casei cultures.!9 In 
the studies by Hunt and colleagues * wound 
fluid contained some antibacterial activity 
since most wounds inoculated with low 
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TABLE 1. Effect of Infection on Wound Collagen 
ENERO MEET SE qr M MM NH TM 


Amount of Hydroxyproline (mg/implant) 





Collagen Fraction Control Infection ? 
0.45M NaCl 0.66 + 0.03 0.53 = 0.03 <0.01 
0.5M CH;COOH 1.06 + 0.11 0.90 + 0.05 NS 
Insoluble 12.05 + 0.47 9.06 + 1.30 <0.05 
Total 14.18 + 0.37 10.50 + 1.29 <0.025 





N = 6 in both groups; NS = not significant. 


Eack value indicates the mean + standard error of the mean. 


numbers of Pseudomonas aeruginosa failed 
to develop infection. The antibacterial ac- 
tivity of wound fluid was equal to that of 
serum as measured against Sarcina lutea 
growth in the cup-plate method for measur- 
ing penicillin concentrations.? 

Observations by Elek 5 and by Miles and 
coworkers ** showed that higher inocula 
than those used in the present study are 
required to produce subcutaneous abscesses 
in animals and humans. It can be specu- 
lated, therefore, that the dead space in the 
wound increases the susceptibility of tissue 
to virulent infection. 

Gas Tensions. The most striking finding 
in the present study was the absence of oxy- 
gen in the dead space of infected wounds 
from the tenth day onward ( Fig. 2). There- 
fore, portions of infected tissue must be 
hypoxic and cannot heal normally. Pro- 
liferation of fibroblasts, epidermal regenera- 
tion and synthesis of collagen all require 
oxygen and appear to have an optimal 
Po,.1 151? Below the critical oxygen ten- 
sion, which is, however, not uniform for 
different cell types, the over-all tissue me- 
tabolism deteriorates, resulting in clearly 
decreased healing. It must be remembered, 
however, that fibroblasts are more resistant 
to hypoxia than many other cell types ** 
and that the vascular ingrowth towards the 
dead space may take place along hypoxic 
gradients.!5 

The reasons for the absence of oxygen in 
the infected wound fluid may be threefold: 


1. Bacteria consume the “excess oxygen" 
left from the tissue metabolism. 


2. Infection enhances the inflammatory 
process, which increases the consump- 
tion of oxygen. 


3. Infection interferes with the local cir- 
culation and reduces the supply of 
oxygen. 


The relative importance of the three ef- 
fects cannot be determined from these ex- 
periments. Tissue anoxia easily explains the 
tendency for clostridial infections to occur 
in combination with anaerobic (often gram 
negative) organism. 

An unexpected finding was that the car- 
bon dioxide levels were essentially the same 
in infected and control wounds (Fig. 3). 
This suggests but does not prove that the 
absence of oxygen in the infected wounds 
was not due to increased metabolism. The 
initially high levels of Pcog in both groups 
coincide with the time that cell prolifera- 
tion and collagen synthesis are at their 
maximum.!* The final Pcos of 50 mm. Hg 
is almost identical to that in arterial blood, 
indicating that at this age of the wound, 
carbon dioxide is removed as fast as it is 
formed. 

pH. Since Poo, and buffering capacity 
are the main determinants of hydrogen ion 
concentration, it was expected that changes 
in pH would be inversely proportional to 
changes in Pcos. Our results support this. 
After a lag period of 5 days the pH in in- 
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fected wounds increased progressively and 
exceeded the values in control wounds by 
the twenty-first day (Fig. 4). The explana- 
tion for this apparently lies in the high 
urease activity of Proteus mirabilis bacteria 
which leads to accumulation of ammonia 
and increase in pH. 

Collagen. In the infected wounds the 
total amount of collagen was decreased. 
The reasons for this again appear to be 
threefold: 


1. In anoxia no synthesis of mature tropo- 
collagen molecules takes place. Synthesis of 
the protein chain requires oxygen as an 
energy source. An unhydroxylated precursor 
of collagen, protocollagen, accumulates in- 
side the fibroblasts and remains in the cells 
if no oxygen is supplied? Molecular oxy- 
gen is required for the hydroxylation of pro- 
line, and the Km value for oxygen in this 
reaction ín vitro is approximately 20 mm 
Hg. The hydroxylation of lysine requires 
molecular oxygen. In rabbit-ear chambers 
the highest concentration of collagen is 
formed in areas in which oxygen tension is 
between 15 and 30 mm. Hg. During the 
phase of most active synthesis of collagen, 
5 to 15 days, the Po, in the dead space 
of control wounds was between 7 and 15 
mm. Hg and between 0 and 7 mm. Hg in 
infected wounds which is strong evidence 
that in significant portions of infected gran- 
ulation tissue, synthesis of collagen is com- 
promised by lack of oxvgen. 

2. Microbial collagenase may cause lysis 
of wound collagen and thus decrease the 
total amount of collagen. If this is true, the 
products from collagen breakdown are ef- 
fectively washed out from the granulation 
tissue, since the solubility of collagen was 
not affected by infection. 

3. Immunological mechanisms may also 
be involved. The collagen assay was made 
from 30-day implants. Twenty-five days fol- 
lowing inoculation is sufficient for the pro- 
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duction of antibodies against Proteus mi- 
rabilis and for formation of antigen-anti- 
body complexes. This time is also sufficient 
for phagocytes to digest antigen-antibody 
complexes which releases lysosomal proteo- 
lytic activity from the phagocytes. Lysoso- 
mal proteases could then digest collagen, 
causing the decreased amount of this pro- 
tein. 


Summary 


Respiratory gas tensions, pH and accu- 
mulation of collagen were studied in experi- 
mental wounds induced by implanted cel- 
lulose sponge cylinders. Half of the wounds 
were inoculated with Proteus mirabilis 
bacteria. 

Between the fifth and thirtieth day after 
implantation the oxygen tensions of control 
wounds increased progressively from 7 mm. 
Hg to 29 mm. Hg but in infected wounds 
the Pos dropped to 0 mm. Hg by the tenth 
day and remained at zero thereafter, This 
suggests that infected wounds heal in a 
severely unfavorable oxygen environment. 

Changes in pH and Pcos were approx- 
imately inversely proportional and no es- 
sential changes in the Pcos were noted be- 
tween the two groups. The high pH values 
in infected wound fluid were probably due 
to the urease activity of Proteus mirabilis, 
causing accumulation of ammonia in the 
wound fluid. 

Infection decreased the total amount of 
wound ccllagen but had no effect on the 
solubility of this protein. The decrease in 
the amount of collagen could be due to 
anoxia or hypoxia in significant portions of 
the wound, to the action of bacterial col- 
lagenase, and to an immunological process 
which releases lysosomal proteolytic activity 
from phagocytes. Lack of healing in in- 
fected wounds thus appears to be due to 
at least partly to local hypoxia and distur- 
bances in collagen metabolism. 
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Studies on the Pathogenesis of Benign Gastric Ulcer: 


Increased Back Diffusion of Hydrogen Ion in Experimental 
Atrophic Gastritis 


W. P. Ronm, Je,” M.D., Pa.D., B. A. Burer, M.D., J. P. Deraney, M.D., Pa.D. 


From the Department of Surgery, University of Minnesota Health Sciences Center, 
Minneapolis, Minnesota 


ALTHOUGH the pathogenesis of benign 
gastric ulcer remains unclear, the observa- 
tion of Cruveilhier 5 that these lesions al- 
ways occur in areas of atrophic gastritis 
has been confirmed repeatedly 15: 18.18 and 
suggests that the two conditions are inter- 
related clinically. Appropriately, recent 
studies from our laboratory ?? have estab- 
lished that canine gastric corporal mucosa 
which has been rendered atrophic is more 
susceptible to acid-peptic digestion than is 
histologically normal mucosa. Furthermore, 
this enhanced susceptibility appears to be 
related to the altered histology rather than 
to the technical maneuvers necessary to 
create the atrophic segment or to changes 
in the gastric microcirculation. The present 
study delineates certain permeability char- 
acteristics of an atrophic gastritic mem- 
brane which might be responsible for the 
observed ulcerogenic potential of the prep- 
aration. 

Under resting conditions, the oxyntic 
gland area of the gastric mucosa of man 
and the dog presents a nearly complete bar- 
rier to the out-flux or “black diffusion” of 
secreted or instilled hydrogen ion. Con- 
versely, little sodium, potassium, glucose, or 
protein is present in gastric juice. When 
this “barrier” is disrupted, however, as can 
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be accomplished experimentally in both 
man”? and the dog,? hydrogen ion disap- 
pears from the gastric lumen at a much 
greater rate than usual, accompanied by 
enhanced influx of both sodium and water. 
Davenport,’ noting that most patients with 
gastric ulcer demonstrate an apparent hypo- 
secretion of gastric acid, has suggested that 
similar pathophysiologic mechanisms might 
be operative in this clinical condition. Ac- 
cordingly, in the present study, the net flux 
rates of hydrogen ion, potassium, and water, 
and the net and bidirectional flux rates of 
sodium were studied in normal canine cor- 
poral mucosa and in mucosa which had 
been rendered atrophic by a previously re- 
ported technic.* 


Materials and Methods 


In conducting the research described in 
this report the investigators adhered to the 
Guide for Laboratory Animal Facilities and 
Care, as promulgated by the Committee on 
the Guide for Laboratory Animal Facilities 
and Care of the Institute of Laboratory 
Animal Resources, National Academy of 
Sciences—National Research Council. 

A. Animal Preparations. Twelve adult 
mongrel dogs, weighing between 11.3 and 
27.8 Kg., were used in the study. In seven 
(Group A), at a preliminary operation, a 
pouch of full thickness gastric wall was 
fashioned from the greater curvature of the 
corpus, and, pedicled on the short gastric 
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vessels, was interposed isoperistaltically into 
the proximal jejunum. Previous work from 
our laboratory has demonstrated that the 
mucosa of the pouch, when bathed in upper 
small intestinal contents, develops, within 
a few months, areas of chronic inflammatory 
cell infiltration, disappearance of parietal 
and chief cells, cystification of the glands, 
and mucous cell hyperplasia, all morpho- 
logically characteristic of chronic atrophic 
gastritis. Five to 7 months after this pro- 
cedure, the flux studies described below 
were carried out. In two of the animals, 4 
days prior to undertaking these studies, the 
interposed pouch was converted to a Roux- 
en-Y preparation by dividing the proximal 
jejuno-gastrostomy, closing the defect in 
the pouch, and performing a jejuno-jejunos- 
tomy at least 6 inches distal to the pre- 
viously constructed distal gastrojejunostomy. 
Thus, in these animals the pouch mucosa 
was excluded from the mainstream of small 
intestinal content for several days prior to 
the experimental period. 

In five control dogs (Group B), gastric 
pouches were constructed in a similar fash- 
ion but were drained by a 6-inch Roux-en-Y 
limb of jejunum. Three to 4 weeks later, the 
flux studies described below were under- 
taken. Previous work from our laboratory 
indicates that pouches drained in this fash- 
ion are histologically normal for at least 
1 month following their construction.?: 

B. Flux Studies. Following a 24-hour 
fast, each animal was anesthetized with 
nembutal An endotracheal tube was in- 
serted and connected to a volume cycle 
respirator at a fixed rate. The right atrium 
and distal aorta were cannulated via the 


femoral vessels with large bore polyethylene . 


tubing. The arterial line was connected to a 
densitometer whose output was fed to a 
recorder and through which blood was 
withdrawn at a constant rate (38.5 cc./ 
min.), during cardiac output determina- 
tions. At the beginning and end of the flux 
study period cardiac outputs were deter- 


mined using cardiogreen indicator injected 
into the right atrium. At the same time, ar- 
terial pH, Pcos, and Pos were determined. 
In the middle of the flux study period, 
arterial blood was withdrawn to determine 
the serum concentration of sodium, potas- 
sium, chloride, and bicarbonate. Arterial 
blood pressure was continuously monitored 
throughout the experimental period. 

The abdomen was opened and the pouch 
cannulated with minimal manipulation 
through a small distal enterotomy. An um- 
bilical tape was tied around the cannula 
at the level of the gastrojejunostomy to en- 
sure a watertight seal. In Group A dogs, the 
proximal jejuno-gastrostomy was closed 
with a non-crushing clamp placed precisely 
at the anastomosis. A copper-constantin 
thermocouple was placed in the submucosa 
of the distal small bowel and connected to 
a recording galvanometer. A standard mer- 
cury thermometer was also placed in the 
rectum. Submucosal and rectal temperatures 
were recorded at regular intervals. 

Prior to the instillation of the test solu- 
tion, each pouch was lavaged with several 
50 cc. aliquots of 150 mM. NaCl/liter wash 
sclution at 37° C. If the pH of the returned 
initial aliquot was 4.5 or less, the animal 
was not used. Residual air and wash solu- 
tion were evacuated from the pouch and 
the abdomen was closed leaving the can- 
nula exposed. A precise volume (30 cc.) 
of 37? C. test solution contatining 80 mM. 
HCl/liter, 70 mM. NaCl/liter, and 3 to 5 
pC. of **Na (Sample A) was introduced 
and thoroughly mixed. A 10 cc. aliquot 
(Sample B) was withdrawn and the period 
of study begun, during which the pouch 
was gently agitated from time to time. 
Thirty minutes later the pouch was emptied 
as completely as possible and the volume 
of the sample (C) determined. The pouch 
was washed with wash solution, whose vol- 
ume was recorded precisely (Sample D). 

Each sample was analyzed for (1) total 
acid by titration of an aliquot to pH 7 with 
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TABLE 1. Ionic Flux Rates, Volume and Osmolality 
Change in Normal and Atrophic Canine 
Gasiric Corporal Mucosa 


(Flux Rates + SEM/30 minutes/150 cm? mucosal area) 


((—) = Pouch Losses; (+) = Pouch Gains) 
Group Histology 


A B 

Atrophic Gastritis Normal 
Net Ht (uyEq.) —796+4112*  —198 + 22 
Net Nat (wEq.) +183 + 91 +145 + 37 
Nat Outflux (uEq.) 552 + 93* 157 + 45 
Nat Influx (uEq.) 755 + 16&* 288 3- 35 
Net K* GuEq.) +21 +4" +1243 
Net H-G (ml.) —3.12 + 0.51* +0.32 + 0.04 
A Osmolality (mOsm.) —11.6 + 1.4* — 5.8 -+ 1.0 


* value = or < 0.05 A vs. B. 


0.0IN NaOH using an expanded scale pH 
meter, (2) concentration of sodium and 
potassium using an autoanalyzer, (3) os- 
molality using an osmometer, and (4) rela- 
tive radioactivity using a a well counter. 

Following completion of the flux study, 
00.4 mg./Kg. of histamine acid phosphate 
were administered subcutaneously. At 15- 
minute intervals thereafter, the pouch was 
lavaged with wash solution and acid output 
determined, the initial 15-minute sample 
being discarded. The animal was then sacri- 
ficed by injecting saturated potassium chlo- 
ride solution. The pouch was harvested and 
the mucosa dissected from the muscle layers 
by sharp dissection. The mucosa was then 
flattened on drawing paper and its area de- 
termined using a planimeter. Several longi- 
tudinal strips of mucosa were then obtained 
as “swiss rolls,” placed in 4% neutral forma- 
lin solution, stained with H&E and PAS, 
and ultimately evaluated for the degree of 
gastritis present without the microscopist 
being aware of the source of the slide. 

The following equations, based on the 
work af Visscher et al. were used to de- 
termine the net flux of water, hydrogen ion, 
and potassium, and the net and bidirec- 
tional flux rates of sodium. 
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A. Net Water Flux (Qu,o) 
Initial Pouch Volume (IPV) 
CPM/ccA 
CPM/ccB 
Final Pouch Volume (FPV) = Volume C 
CPM/ccD X Volume D 


CPM/ccC 


= Volume A X — Volume B 


Quo = FPV — IPV 


B. Net Ionic Flux (Qi) 
Q; = Final [i] X FPV 
— Initial [1] X IPV 


C. Bidirectional Fluxes of Sodium 
Sodium Outflux* 
B CPM/ccB XIPV —CPM/ccCXFPV 
[4N a] Avg- 
Sodium Influx** = Net Sodium Flux 
-+ Sodium Outflux 


The usual assumptions concerning the 
use of radioisotopes to measure unidirec- 
tional ionic Hux rates were made. In addi- 
tion, it was assumed that all residual radio- 
activity was recovered from the pouch dur- 
ing the final wash. This latter assumption 
is valid to a first approximation since the 
relative radioactivity of subsequent wash- 
ing was indistinguishable from background 
relative radioactivity. 


Results 


The results of the study are summarized 
in Table 1. In the five histologically normal 
pouches (Group B), a net gain of water 
by the pouch of 0.32 + 0.04 ml./30 min./ 
150 cm.? was noted. This was associated 
with a net loss of hydrogen ion of 198.+ 
22 pEq./30 min./150 cm.? accompanied by 
a net sodium gain of 145+ 37 pEq./30 
min./150 cm.? Sodium outflux, as measured - 
by the net flux of ?^:Na, had a magnitude 
of 157 + 45 &Eq./30 min./150 cm.? Sodium 
influx, therefore, was 288+ 35 pEq./30 
min./150 cm? A net pouch gain of potas- 
sium of 12 + 3 uEq./30 min./150 cm.? was 


* Flux from lumen to blood. 
2% Flux from blood to lumen. 
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corporal mucosa after a 
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also observed. The final osmolality of the 
test solution was 5.8 + 1.0 mOsmoles less 
than at the beginning of study period. Mean 
acid output/hour following histamine stim- 
ulation was 444 + 214 „Eq. When examined 
histologically none of the pouches showed 
evidence of atrophic gastritis. 

In contrast, the five animals whose 
pouches have been interposed in the je- 
junum (Group A) demonstrated a net loss 
of water of 3.12 0.51 ml/30 min./150 
cm.? Similarly, a net hydrogen ion loss of 
796 + 112 uEq./30 min. /150 cm.? was noted. 
Although net sodium flux (+183 + 91 pEq./ 
30 min./150 cm.?) was not significantly dif- 
ferent in these animals from those of Group 
B, the unidirectional flux rates were mark- 
edly altered. A sodium outflux of 552 + 93 
pEq./30 min./150 cm.? and a sodium influx 
of 755 + 168 uEq./30 min./150 cm.? were 
noted. Furthermore, a net potassium gain 
by the pouch of 21 +4 &Eq./30 min./150 
cm.? was demonstrated. The final osmolal- 
ity of the test solution was also different, 
being 11.6 + 1.4 mOsmoles less than the 
initial osmolality. Mean acid output/hour 
was 63+ 16 „Eq. markedly less than in 
Group B. With the exception of the net 
sodium flux, the differences between Group 
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A and Group B in hydrogen ion, sodium, 
and potassium flux, in osmolality, in vol- 
ume, and in acid output were statistically 
significant at the 95% confidence level. 
Histologically, all of the pouches in Group 
A demonstrated areas of atrophic gastritis 
(Fig. 1) although of variable degree. The 
severity of the gastritis correlated roughly 
but consistently with the magnitude of the 
flux changes observed. 

The pouches from the two animals in 
Group A which were excluded from the 
mainstream of small intestinal content for 
4 days prior to study also retained their 
gastritic appearance and demonstrated es- 
sentially similar alterations in ionic and 
water flux rates. 

No significant differences between Group 
A and Group B were noted in mucosal tem- 
perature, arterial pH, Pcoe, Pos, serum 
[Nat], [K*], serum osmolality, mean arterial 
blood pressure, or cardiac output, all of 
which might have influenced the measured 
modalities. 


Discussion 


Although normal gastric mucosa presents 
a barrier to the passage of hydrochloric acid 
from Jumen to blood and of sodium from 
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blood to lumen, Davenport has shown in 
conscious dogs provided with denervated 
fundic pouches that the instillation of 
eugenol, aspirin, urea, bile and bile salts 
causes enhanced flux of instilled hydrogen 
ion out of the pouch and enhanced flux of 
sodium, potassium, glucose, water, and pro- 
tein into the pouch.® ® * 1% 11 These observa- 
tions ere pertinent to the problem of chronic 
benign gastric ulcer in at least three re- 
spects. First, small amounts of recoverable 
acid are the rule in patients with this dis- 
ease entity; secondly, one theory of the 
pathogenesis of gastric ulcer, the evidence 
for which has recently been reviewed, 
suggests that reflux of small intestinal con- 
tent, including bile and bile salts, is a pri- 
mary factor in the development of the dis- 
ease; and, finally, recent reports indicate 
that patients with large gastric ulcers and 
pernicious anemia do, in fact, demonstrate 
greater "back diffusion" of instilled hydro- 
gen ion than do patients without gastro- 
intestinal disease.’ 

That a relationship exists between the 
presence of atrophic gastritis and gastric 
ulcer appears indisputable, although the ex- 
act nature of that relationship is speculative. 
Both Hebbel!? and Guiss and Stewart 1° 
have demonstrated that antral ulcers are 
invariably surrounded by gastritis and that 
gastritic changes extend into the body mu- 
cosa in cases of corporal ulceration. Duples- 
sis ** found more than half the total area 
of the body mucosa affected by gastritic 
change in 37 of 61 specimens, the ulcer oc- 
curring in the area of gastritis in every 
instance. Capper ? has measured the size of 
the area incapable of secreting acid in pa- 
tients undergoing operation for ulcer dis- 
ease. The "alkaline area" of the mucosa was 
more than twice as great in patients with 
gastric ulcer than in patients with duodenal 
ulcer. It would appear, then, that gastric 
ulcer is always accompanied by antral gas- 
tritis and that ulcers occurring in the body 
of the stomach are usually associated with 
diffuse gastritis in that portion of the organ. 
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In the present studies, rapid disappear- 
ance of insti.led hydrogen ion from pouches 
with atrophic gastritis was observed. The 
magnitude cf the observed loses was similar 
to that noted by Davenport.* The demon- 
stration that similar changes occurred in 
atrophic pouches which had not been in 
contact with small intestinal content for 4 
days indicates that the outflux of hydrogen 
ion observed was primarily a function of 
the altered histology. This circumstance 
might not reflect "back diffusion," however. 
The two component hypothesis of Hol- 
lander,'? for example, suggests that, in addi- 
tion to hydrochloric acid, the mammalian 
stomach elaborates a non-parietal secretion 
from nan-acid secreting cells, the composi- 
tion of which is similar to extracellular fluid 
(150 mM. Na*, 115 mM. Cl, and 35mM. 
HCO; liter). Others have estimated an 
even higher bicarbonate content (45 mM./ 
liter). According to Hollander, secreted 
HC] is neutralized by an amount equivalent 
to the non-parietal bicarbonate output, thus 
accounting for variability in the pH of re- 
covered gastric secretion and for the fact 
that gastric juice osmolarity is invariably 
less than that of serum. In view of the 
abundance of non-acid secreting cells in the 
atrophic gastritic pouches, it is theoretically 
possible that the observed disappearance 
of hydrogen ion in this preparation is a 
function of neutralization by non-parietal 
secretion rather than “back diffusion.” An 
analysis of the data, however, appears to 
preclude this possibility. Even if all of the 
observed sodium influx in the gastritic 
pouches represented non-parietal secretion, 
assuming the highest possible postulated bi- 
carbonate content, this mechanism could 
account for the neutralization of only 227 
pEq. of the instilled hydrogen ion/30 min- 
utes, less than half the obeserved loss. In 
addition, the fact that, associated with the 
disappearance of hydrogen ion, enhanced 
outflux of sodium and influx of potassium 
were observed suggests that an alteration 
in membrane permeability has occurred 
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which permits rapid cationic exchange. 
Finally, the net negative flux of water noted 
is inconsistent with the concept of hydro- 
gen ion neutralization, since the end prod- 
ucts of such a reaction would be carbon 
dioxide and water. 

The observed water loss by the gastritic 
pouches differs from the circumstance en- 
countered in patients with gastric ulcer and 
pernicious anemia in which net volume gain 
was usually apparent.? It also differs from 
the observations of Davenport in canine 
gastric pouches subjected to the stimuli 
outlined. The reasons for this disparity are 
unclear but may relate to the fact that, in 
the clinical studies, whole stomach prepara- 
tions, including the antrum, were used, 
while, in the experimental work, the mu- 
cosa of the pouches was histologically nor- 
mal. From the data obtained, the possibil- 
ity that atrophic canine corporal mucosa 
actually has an absorptive capability can- 
not be excluded, even though intestinaliza- 
tion of the mucosa (i.e., goblet cell forma- 
tion) was not observed. Whatever the cause, 
primary water loss cannot fully account for 
the observed net loss of hydrogen ion or 
the outflux of sodium. The mean [H*] dur- 
ing the experimental period was 59 pEq./ 
cc., while the mean [Na*] was 89 uEq./cc. 
If water loss was primary, and equivalent 


amounts of hydrogen ion and sodium fol- 


lowed isosmotically, only 184 „Eq. of hy- 
drogen ion and 277 „Eq. of sodium would 
disappear from the pouches during the 30- 


. minute test period, considerably less than 


was actually observed for either cation. As- 
suming that equivalent numbers of anions 
accompany the cationic fluxes, more solute 
than water was lost by the gastritic pouches 
during the test period, redected in the 
markedly diminished osmolality observed. 
This circumstance suggests that other forces 
are responsible, at least in part, for hydro- 
gen ion losses. Although the data presented 
herein do not permit a definitive statement 
as to their nature, most probably they are 
passive and diffusive, reflecting altered 
membrane permittivity and responding to 


concentration gradients; in essence, "back 
diffusion." 

In a previous study, atrophic gastric cor- 
poral mucosa was found to be more sus- 
ceptible to acid peptic digestion than nor- 
mal mucosa. The demonstration in the 
present study that atrophic mucosa also 
permits a greater leakage of instilled hy- 
drogen ion out of the pouch, probably by 
diffusion, suggests (but does not prove) 
that these two circumstances are more than 
casually related, The nature of that rela- 
tionship is unclear, however. Davenport has 
postulated that hydrogen ion which diffuses 
into the mucosa causes release of tissue 
histamine, increased capillary permeability, 
venous stasis, and ultimately, hemorrhage. 
Several lines of evidence appear to support 
this hypothesis, at least indirectly: (1) focal 
vascular disruption leading to the develop- 
ment of acute ulceration in the glandular 
portion of the rat stomach has been noted 
follawing the administration of Polymixin 
B, a potent histamine liberator 1; (2) the 
mast cell content of the rat stomach is re- 
duced under conditions of restraint 1’; (3) 
restraint induced ulcers in the rat can be 
ameliorated by reducing gastric tissue hist- 
amine ?*; and (4) gastric corporeal mucosal 
blood flow is reduced coincident with en- 
hanced “back diffusion" produced by etha- 
nol and acetic acid. On the other hand, 
aspirin, which also disrupts the mucosal 
barrier, produces an increase in mucosal 
flow,t and no differences in mucosal flow 
have been observed between histologically 
normal and histologically gastritic pouches 
during histamine stimulation.” It would 
appear, then, that further study will be re- 
quired to elucidate the exact pathophysio- 
logic significance of “back diffusion.” 


Summary and Conclusions 


In order to study the “back diffusion” of 
hydrogen ion in atrophic gastric mucosa, 
five vagally denervated canine fundic 
pouches were interposed into the proximal 
jejunum. Five to 7 months later, the mucosa 
of each demonstrated areas of round cell 
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infiltration, disappearance of parietal and 
chief cells, glandular cystification, and mu- 
cus cell hyperplasia (atrophic gastritis). At 
this time, under general anesthesia, each 
pouch was cannulated and a precise volume 
of test solution containing 80 mM./l. of 
HCl, 70 mM./l. of NaCl and tracer amounts 
of ?*Na was introduced. Thirty minutes 
later, the pouch was emptied, its acid secre- 
tory response to histamine acid phosphate 
(0.4 mg./Kg.) determined, the mucosal 
area of the pouch measured, and the mu- 
cosa examined histologically. The net fluxes 
of hydrogen ion, potassium, water, and the 
net and bidirectional fluxes of sodium were 
caleulated. When compared to data ob- 
tained from a control group of five dogs 
with histologically normal pouches drained 
internally by a Roux-en-Y limb of jejunum, 
the gastritic pouches demonstrated signifi- 
cantly greater net water and hydrogen ion 
outflux, significantly greater net influx of 
potassium, significantly greater bidirectional 
sodium fluxes, and a significantly decreased 
acid output. The fact that two gastritic 
pouches not in contact with small intestinal 
content demonstrated similar changes indi- 
cates that the observed alterations are a 
function of the altered histology. 

These findings might account, at least in 
part, for the apparent hyposecretion of gas- 
tric acid seen in patients with gastric ulcer 
and for the previously demonstrated in- 
creased susceptibility of atrophic mucosa to 
acid peptic digestion. 
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Racial and Socioeconomic Factors in Colonic Cancer Survival 


LAWRENCE STRLING Kram, M.D., M.P.H. (Epidemiology) 


From the University of California at Los Angeles Medical Center, 
Los Angeles, California 90024 


In the last four decades (1930-1970 ) there 
has been a marked increase in the nonwhite 
age-adjusted death rates for colonic cancer 
(ICD No. 153) (Figs. 1 and 2) while the 
age-adjusted death rates for the Caucasian 
population for colonic cancer have re- 
mained fairly level? Burkitt* has postu- 
lated that the increase in the non-white 
death rate for colonic cancer may be due 
to the rising socioeconomic class over this 
period and a more affluent diet. Wynder ” 
had previously reviewed the literature and 
noted the general agreement that socioeco- 
nomic class was related directly to the mor- 
tality rate of colonic cancer, i.e., the higher 
the socioeconomic class, the greater the 
mortality from this disease. Wynder * fur- 
ther reported that the tendency of the 
Japanese population in California to con- 
sume more fats, fruits, and meat than their 
counterparts in Japan could account for their 
rising mortality rates for colonic cancer. He 
also noted the rising occurrence of colonic 
cancer in. Japan and the significant change 
in the nutritional pattern of the Japanese 
compared to pre-World War II days, the 
major changes being the increased con- 
sumption of eggs, milk, meat, fat, and fruit, 
while rice consumption remained stable and 
the intake of potatoes decreased. 
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Another factor to be considered in the 
rising non-white mortality rates for colonic 
cancer is the change to differential racial 
survival. Krain 7 (Table 1) has analyzed the 
California Tumor Registry data from 1945- 
1966 (34 hospitals) and shown that although 
the Chinese population has the highest inci- 
dence of colonic cancer (33.8 per 100,000— 
Alameda County Tumor Registry data 
1960-1964), the Chinese and the Negro 
races have much poorer rates of survival 
than their Caucasian counterparts. This re- 
port will further examine the socioeconomic 
class and racial implications relative to mor- 
tality patterns of colonic cancer in Cali- 
fornia, 


Materials and Methods 


The California Tumor Registry is a co- 
operative undertaking of 58 California hos- 
pitals and the State of California Depart- 
ment of Public Health. By combining the 
experience of many hospitals, a larger and 
more representative series is obtained than 
could be expected from any single hospital. 
The Registry has collected data from more 
than 370,000 cancer cases, 20,000 being 
added each year. Details on methodology 
have been elaborated in previous publica- 
tions.” 9 4 

To examine racial patterns in colonic 
cancer survival, data from 16,917 colon can- 
cer cases first diagnosed in 34 participating 
hospitals from 1945-1966 were used to in- 
sure comparability of data because of 
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Fic. 1. Five-year moving averages in colon 
cancer female death rates,” by race and age United 
States 1930-34 to 1963-67.” 


changes in participating hospitals since 
1945 (9396 histologically confirmed ). Also 
special tabulations (made possible by Cali- 
fornia Tumor Registry data books for each 
participating hospital in each of the 58 
counties in California) for colonic cancer 
enabled county wide summaries of white- 
non-white comparisons, County-private hos- 
pital differentials in colonic cancer sur- 
vival were also possible by use of this 
material. 

Data from the 20,464 cases from 1942- 
1989 (California Tumor Registry) were 
used to examine socioeconomic patterns in 
colonic cancer survival. Also further tabula- 
tion (that divided the California Tumor 
Registry experience according to the socio- 
economic ranking of California counties 
(1965) were made. The socioeconomic 
ranking of California counties was cal- 
culated according to three criteria of educa- 
tion, income and employment; procedural 
details were reported in a previous pub- 
lication.? Socioeconomic categories were 


four point scale (I-IV). Further tabula- 
tions were elicited from data of a previous 
California Tumor Registry publication that 
was updated for this report? This report 
detailed the mortality experience associated 
with colonic cancer for each of the 58 
California Counties and eight regional med- 
ical program regions as part of a special 
report for the California Regional Medical 
Program. 

Relative rates of survival rather than ob- 
served rates are given preference herein. 
Observed rates measure the survival ac- 
tually experienced by the cancer patient. 
These patients are exposed to risk of death 
from other causes (diseases of the heart, 
automobile accidents, etc.) as well as from 
cancer. The effect of cancer alone on length 
of life can be determined by dividing the 
observed rates of patients with colonic can- 
cer by the survival rates expected for the 
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TABLE 1. Relative Survival by Race and Sex for Colon 
Cancer Cases Ist Diagnosed in 34 Hospitals 
1945-1966, from Time of Diagnosis 


Relative Survival Rates from 
Time of Diagnosis (%) to: 


Years 
Race and Sex 1 5 10 20 


White Men 630 42.2 38.6 35.7 
Women 64.6 | 450 420 42.9 


Negro Men 53.7 301 25.9 26,38 
Women 54.8 32.9 29.0 43.9 


Chinese Men 51.99 26.5 14.98 None 
Women 63.9» 63.55 56.15 None 


Japanese Men 65.07 36.24 26.1% None 
Women 77.32 55.4% 57.2 None 


a Standard error greater than 5.0. 
b Standard error greater than 10.0. 
Source: California Tumor Registry Staff. 


same sex and age group in the general 
population. The ratio of the observed to 
the life-table expected rate is called the 
“relative survival rate’ and represents the 
survival rate of the patient as though cancer 
were the only cause of death. A more de- 
tailed calculation of these rates is well de- 
scribed in a previous California Tumor 
Registry publication.? 


Results and Discussion 


Trends. California’s survival experience 
has generally paralleled that of the End 
Results Group of the National Cancer In- 
stitute € of which California is a member. 
There has been an increase in the 3-, 5-, 
and 10-year survival rates in the last two 
decades with a levelling of the survival 
rates since 1964. Krain” had previously 
shown that there had been an increase in 
the 5-year relative survival rate for colonic 
cancer from 24%—43.2% from 1945 to 1966 
due to the increased use of surgical treat- 
ment and the tendency for this disease to 
be localized in women who comprised the 
majority of case material coupled with their 


notoriously better survivals from all forms 
of cancer.^* The percentage of cases diag- 
nosed in the localized and distant stages 
has remained fairly constant for the colonic 
cancer experience in California over the last 
three decades. (Approximately 35% of the 
cases were localized and 27% were distant 
stages.) The percentage of regional cases 
of colonic cancer has increased from 25 to 
33% in the period 1942-1966. The propor- 
tion of cases due to unspecified sites has 
decreased from 23.4% to 0.9% during this 
same period. Further details on age, sex, 
site and treatment differences for this pe- 
riod are summarized in a previous report." 

Racial Factors. Both the increasing in- 

cidence of colonic cancer in the nonwhite 
races * 7° and the poorer survival rates for 
the Chinese and Negroes population ac- 
count for the increased mortality through 
time for these races in California. Three 
reasons are offered for this poorer rate of 
survival in California: 

1, The increasing tendency for these pa- 
tients to seek treatment at county hos- 
pitals rather than private care (Ta- 
ble 2). 

2. The tendency for less surgical treat- 
ment in patients with this disease in 
county versus private hospitals in Cali- 
fornia (possibly reflecting advanced 
staging) (Table 3). 

3. The advanced staging of colonic can- 
cer in non-white races ( Table 4). 


TABLE 2. Per Ceni Distribution by Race: Colon 
Cancer Cases by Type of Hospital 


Race & 
Hospital Type 1950 1964 
Nonwhite 100.0 100.0 
County 82.3 87.3 
Private 17.7 12.7 
White ` 100.0 100.0 
County 34.1 36.2 
Private 65.9 63.8 





Source: California Tumor Registry Staff. 
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TABLE 3. Per Cent of Cases Surgically Treated Compared with Those Potentially 
Trealable by Type of Hospital 8 Race (California, 1952-69) 


76 
Potentially 
Treatable! 
(A) 
County Hospitals 69.1 
Private Hospitals 76.0 
White 70.7 
Negro 59.9 


1% of In situ, localized and regional cases. 


2 07 in whom surgery was the first course of treatment. 


Source: California Tumor Registry Staff. 


While Japanese and Chinese patients are 
slightly underrepresented in California Tu- 
mor Registry Material,? this does not negate 
the significantly greater percentage of oc- 
currences that tend to be localized in the 
white than in the non-white races (p < 
0.05). Also significantly more distant (re- 
mote) instances (p < 0.05) are noted in 
the non-white races. 

Socioeconomic Class. Examination of 
California Tumor Registry data according 
to the four-point socioeconomic ranking 
scale previously described ? indicates that 


% 
Actually Efficiency Ratio 5-Year Relative 
Treated? (B/A) Survival 

(B) (%) Rate (%) 

44.1 63.8 25.9 

75.3 99.0 43.2 

69.2 97.7 43.9 

45.1 75.3 32.1 


there is a gradient in the standard mortal- 
ity ratios for colonic cancer that is directly 
related to socioeconomic class (Table 5), 
for the 58 California counties (1960-1964 
data). Similar gradients have been noted 
by the earlier studies in Connecticut,* Great 
Britain,? and California.? Staging and socio- 
economic class are directly related in ap- 
proximately the same manner as is race for 
this colonic cancer distribution (Table 6). 
This suggests that both racial and socioeco- 
nomic factors together influence the staging 
of the disease in patients at the time of ini- 


TABLE 4. Cancer Cases Ist Diagnosed in 34 Hospitals 1945-1966, Per Cent Distribution 
by Stage and Race: California Tumor Registry 


Race Totals In-Stiu 
White 100.0 1.6 
(15,758) 
Negro 100.0 2.1 
(805) 
Chinese 100.0 1.1 
(79) 
Japanese 100.0 1.3 
(84) 
Total 100.0* 1.5 
(16,917)* (269) 


Stage 
Localized Regional Remote Unknown 

36.2 32.9 26.1 3.2 
22.9 34.9 36.2 3.9 
34.1 34.5 30.2 3.1 
23.9 35.1 36.1 3.6 
34.6 33.2 26.9 3.8 

(5857) (5630) (4487) (674) 


Numbers in parentheses represent total number of cases. 
* American Indians and Other or Unknown races have been excluded from the per cent distribution total. 


Source: California Tumor Registry Staff. 
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TABLE 3. Standard Cancer Raties by Socioeconomic 
Status for Colon Cancer 
(58 California Counties 1960-1964) 


Men Women Total 
I (highest) 111 118 116 
II 104 99 100 
Ii 102 101 101 
IV (lowest) 89 94 92 


Source: Data from California Tumor Registry used 
in conjunction with county socioeconomic class group- 
ings as derived from References.?:? 


tial diagnosis. Further tabulations of the 
California Tumor Registry data revealed 
that there was no significantly different lo- 
calization by race or socioeconomic class by 
site, ie. cecum, appendix, ascending colon; 
transverse colon; descending colon; or sig- 
moid colon (p > 0.05). Thus, there was 
also no significant difference by race or 
socioeconomic class for right-sided versus 
left sided lesions for the California Tumor 
Registry material (p 0.10). 

There has been a rising incidence of 
colonic cancer that is significantly higher 
(p«0.05) in the higher socioeconomic 
counties (Classes I and II) than in the 
lower (Classes III and IV). However, 
since 1952 there has also been a rising sur- 
vival rate in private hospitals versus county 
hospitals that treat predominantly the socio- 
economic class III and IV patients ?; thus 
the resultant colonic cancer mortality rates 
have tended to level off (with these two 


effects). This trend is also seen in the End 
Results data of the National Cancer Insti- 
tute? 

From the California data it appears that 
Wynders dietary hypothesis for colonic 
cancer 1+1? would be an important socio- 
economic and racial variable to be con- 
sidered. Further epidemiological investiga- 
tions are required to verify this for the 
California data as well as to study pos- 
sible occupational and religious intervening 
variables. 


Summary 


Appropriate data from the California Tu- 
more Registry aud related sources have 
been examined in connection with racial 
and socioeconomic variables for colonic 
cancer (ICD No. 153). There was a direct 
relationship between socioeconomic class 
and race on the one hand and the degree 
of spread of the colonic cancer on the other 
(p < 0.05). A similar significant relation- 
ship was found between the colonic cancer 
mortality and socioeconomic class as de- 
fined. While it is well-known that colonic 
cancer mortality is correlated with the de- 
gree of spread of the disease, further epi- 
demiologic studies are needed to evaluate 
the specific socioeconomic and racial vari- 
ables which intervene to affect this mortal. 
ity. It was noted that in California the non- 
white races tended to seek treatment at 
county hospitals rather than private care, 


TABLE 6. Relationship of Staging & Socioeconomic Class for California 
Tumor Registry Materials 1942-1969 


Cancer Cases 1si Diagnosed in 58 Hospitals 1942-1969, Per Cent Distribution 
by Staging EF Socioeconomic Class 











Socioeconomic Stage 
Class Total Unknown In-Situ Localized Regional Remote 
I (highest) 100.0 2.5 1.9 39.4 34.1 22.1 
II 100.0 6.2 1.8 26.2 36.4 29.4 
Ii 100.0 0.6 2.1 33.1 37.4 26.8 
IV (lowest) 100.0 3.5 0.9 30.9 37.3 27.4 
Total 100.0 2.0 2.0 34.0 35.0 26.0 
Total number of cases 20,464. 


Source: California Tumor Registry Staff using References °? in conjunction with California Registry materials. 
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and that their colonic cancers tended to be 
at a more advanced stage than in the white 
patients with this disease. Correlated with 
this. was a lower incidence of operative 
therapy. 
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Determinants of Flow Through Internal Mammary 
Artery Implants 
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hupoLr N. Sranoscik, M.D., BnapnrEev M. RopcEns, M.D. 


From the Clinic of Surgery, National Heart and Lung Institute, 
Bethesda, Maryland 20014 


INTERNAL mammary artery implantation 
has apparently provided symptomatic and 
physiologic benefit to some patients with 
ischemic heart disease. However, there are 
many patients in whom postoperative cine- 
angiography has shown patent implants 
with abundant collateralization to the coro- 
nary circulation, and in whom the mani- 
festations of severe myocardial ischemia 
persist. Thus, although the validity of Vine- 
bergs concept that the internal mammary 
artery when implanted into ventricular 
myocardium will remain patent and estab- 
lish connections with the coronary arterial 
system has been established, there remains 
doubt regarding its physiologic significance. 
Several experimental studies in dogs, how- 
ever, have suggested that the intramyocar- 
dial arterial implant can perform the phyio- 
logic functions of coronary artrial blood 
flow. Smith, Koxi, Lombardo et al. found 
that blood delivered intramyocardially trans- 
ports substrates which are utilized in the 
metabolism of the heart, and Reis, Enright, 
Staroscik et al.,* demonstrated that internal 
mammaary artery implants can contribute to 
myocardial contractility. The arterial im- 
plant also has the potential for augmenting 
myocardial blood flow by delivering oxy- 
genated blood to the coronary circulation 
distal to the vessels most involved by the 
atherosclerotic process. There is, therefore, 
basis for continuing interest in the indirect 
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approach to myocardial revascularization 
and the present studies were designed to 
obtain more information regarding the 
physiologic function of the internal mam- 
mary artery implant. 


Methods 


Fourteen unselected mongrel dogs weigh- 
ing 22.0-- 0.8 Kg. (+ S.D.) were anes- 
thetized with intravenous pentobarbital so- 
dium (35 mg/Kg.). An endotracheal tube 
was inserted and ventilation controlled with 
a positive pressure respirator supplying oxy- 
gen. A left 5th intercostal incision was 
made, both mammary vessels were freed 
from subclavian origin to epigastric bifurca- 
tion and implanted into left ventricular 
myocardial tunnels of sufficient length to 
accommodate as many freely bleeding in- 
tercostal branches as possible. The right 
mammary artery was implanted anterolat- 
erally, and the left mammary artery postero- 
laterally. In each animal, one mammary was 
implanted deep in the myocardium and the 
other implanted subepicardially. This se- 
quence was alternated, and in seven dogs 
the right mammary was subepicardial and 
the left mammary deep, and in seven dogs 
the reverse was present. 

Seventeen months following operation 
(506 + 4 days), the animals were again 
anesthetized with pentobarbital (35 mg./ 
Kg.). An endotracheal tube was inserted, 
and ventilation maintained by a positive 
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RIGHT INTERNAL 
MAMMARY ARTERY IMPLANT 
in-vivo (Subepicardial tunnel) 


Flow: 6 cc/min 


A 





LEFT INTERNAL 
MAMMARY ARTERY IMPLANT 
(Deep tunnel) 


Flow: 2 cc/min 
in vive 





Dog 16-895 


pressure respirator supplying oxygen. A 
median sternotomy was performed. Adhe- 
sions between the mammary vessels and 
extramyocardial tissue (thymus, pericardial 
fat, pleura, lung) were divided. Internal 
mammary artery blood flow was measured 
with sine-wave electromagnetic flow probes 
placed around each mammary vessel about 
2 cm. distal to its origin. Zero flow reference 
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Fic. IA. Postmortem 
right internal mammary 
artery  arteriograms ob- 
tained following the in- 
fusion of 2-3 cc. 75% 
Hypaque® from a reser- 
voir 130 cm. above the 
heart. The arrow points 
to the right internal mam- 
mary artery in a subepi- 
cardial tunnel. In vivo 
net forward flow through 
the implant was 6 cc./ 
min. Extensive filling of 
major coronary arteries is 
apparent. (A) Anteropos- 
terior projection ( B) lat- 
eral projection. 

Fic. 1B. Postmortem 
left internal mammary ar- 
tery arteriogram in the 
same dog. In vivo net 
forward flow was 2 cc./ 
min. The vessel was im- 
planted deep in the myo- 
cardium. Filling of major 
coronary arteries is again 
evident. 


was obtained by occluding the mammary 
artery distal to the flow probe. Catheters 
were positioned in the left ventricle, aortic 
arch, and right atrium through the right 
common carotid artery, right brachial ar- 
tery, and right external jugular vein, re- 
spectively. The catheters were connected 
to Statham P23Db pressure transducers, 


and recordings made on a multichannel 
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Flow. 0 cc/min 
in vivo 


Fic. 2. Postmortem 
Mammary arteriogram in 
a dog in which net for- 
ward flow in vivo was 0 
cc./min. Extensive filling 
of the coronary arteries is 
again seen, indicating the 
inadequacy of anatomic 
methods for assessing im- 
plant function. 


Dog !6-801 


direct-writing oscillography. Baseline mea- 
surements of the instantaneous patterns of 
right and left internal mammary artery 
blood flows were simultaneously deter- 
mined in each dog. Blood loss was replaced 
with freshly-drawn A-negative homologous 
blood. Measurements were made when 
mean right atrial pressure ranged from 4-9 
mm. Hg and mean aortic pressure was 100 
mm. Hg or higher. In all 14 dogs isopro- 
terenol (20-25 ug./min.) was infused intra- 
venously, and 5 minutes later while the 
infusion was continuing, repeat blood flow 
measurements were made. In eight dogs, 
the effects of 1.2 mg. intravenous glycerol 
trinitrate on implant flows were determined. 
In 11 animals the effects of occlusion of the 
anterior descending coronary arterv on im- 
plant flows, and in ten dogs the effects of 
occlusion of the circumflex coronary artery 
on implant flows were observed. In two ani- 
mals, both the anterior descending and cir- 
cumflex coronary arteries were occluded 
and implant flows measured. In six dogs, 
implant flows were assessed during cadio- 
pulmonary bypass with the left ventricle 
decompressed and fibrillating (low myocar- 
dial wall tension). Mean aortic pressure 
was maintained 100 mm. Hg by adjustment 
of arterial inflow. The ascending aorta was 





RIGHT INTERNAL 
MAMMARY ARTERY IMPLANT 
(Deep tunnel) 





then occluded in five of these dogs ablating 
arterial inflow through the coronary artery 
ostia and internal mammary artery blood 
flow measured. 

In three dogs, cineangiographic evalua- 
tions were obtained while blood flow was 
being measured. Selective internal mam- 
mary artery injections were made through 
a polyethylene catheter passed through the 
brachial artery and_ positioned approxi- 
mately 1 cm. proximal to the flow probe. A 
hand injection of 2-3 cc. of 75% Hypaque 
was made as 16 mm. film was exposed at 60 
frames per second. A second injection was 
made and the catheter was rapidly with- 
drawn. Thirty cubic centimeters of Hy- 
paque was then injected with a power 
syringe at the origin of the subclavian ar- 
tery and subclavian arteriograms obtained. 

After each experiment the heart was ex- 
cised and cannulae inserted into the inter- 
nal mammary arteries. Two-three cubic 
centimeters of 7595 Hypaque was infused 
by gravity from a reservoir 130 cm. above 
the heart into one mammary artery and 
x-rays taken. Hypaque was then infused 
into the other mammary and additional 
x-rays obtained. The left ventricle was then 
weighed, the implants probed, and their 
depth in the myocardium determined. 
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ISOPROTERENOL INFUSION 
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Fic. 3. Recordings from an animal illustrating 
the instantaneous pattern of implant flow. The 
panels on the right were inscribed during isopro- 
terenol infusion. The left internal mammary artery 
was implanted deep in the myocardium; the right 
internal mammary was placed subepicardially. 


Results 
Postmortem Angiography 


Retrograde filling of major coronary ar- 
teries and filling of venous channels were 
noted at the time of postmortem angiog- 
raphy in 24 of the 28 implants. One deep 
and one subepicardial implant was oc- 
cluded at the midportion of the myocardial 
tunnel, and in another deep and another 
subepicardial implant, no significant col- 
lateralization with the coronary circulation 
was evident (Figs. 1 and 2). 


Implant Depth 


The deep implants were 8.9 + 2.0 mm. 
(mean + S.D.) and the subepicardial im- 
plants 2.4 + 0.7 mm. from the epicardial 
surface. The myocardial wall thickness aver- 
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aged 14.5 + 2.5 mm. in the region of the 
tunnels. 


Flow Measurements 


In both the subepicardial and deep im- 
plants, peak forward flow occurred during 
mid-systole, with a secondary peak occur- 
ring in diastole, simultaneous with max- 
imum forward flow velocity in the coronary 
artery. Peak forward flow averaged 18.5 — 
2.4 cc./min. for the deep implants, and 
16.5 + 3.3 cc./min. for the subepicardial 
implants. Retrograde flow occurred during 
isovolumetric systole, and was greater in 
the deep implants (p < 0.001). Retrograde 
flow in the deep implants averaged 24.9 = 
4.6 cc./min. (ranged —6 to —57 cc./min.), 
and retrograde flow in the subepicardial im- 
plants averaged 4.9 + 1.9 cc./min. (range 
+3 to —24 cc./min.). Net forward flow 
averaged 5.0+ L4 cc./min. (range 0-21 
cc./min.) for the superficial implants, and 
3.3--0.7 cc./min. (range 0-9 cc./min.) 
for the deep implants (Figs. 3 and 4). 


Isoproterenol Infusion 


Heart rate averaged 163-7 beats/ 
min. during the control period and in- 
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Fic. 4. Diagrammatic representation of instan- 
taneous pattern of implant blood flow. These com- 
posite tracings were constructed from the mean 
values determined in all animals. Solid circles rep- 
resent mean values for the deep implants. The 
open circles represent mean values for the subepi- 
cardial implants. The brackets designate one stand- 
ard deviation. 
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creased to 199 + 7 beats/min. following iso- 
proterenol infusion (p < 0.005). No signifi- 
cant change in mean aortic or right atrial 
pressures occurred. Following isoproterenol 
the peak positive and peak negative deflec- 
tions of the instantaneous pattern of im- 
plant flow were strikingly accentuated. In- 
creases in peak forward flows were offset 
by comparable increases in retrograde flows, 
so that net forward flows were not signifi- 
cantly altered. 


Glycerol Trinitrate Administration 


In three deep and five subepicardial im- 
plants, no change in flow was observed fol- 
lowing glycerol trinitrate, although mean 
aortic pressure decreased significantly in 
every dog. Flow in the remainder of the 
implants decreased. The average decrease 
was 1.6+0.7 cc./min. for the deep and 
1.1--0.6 cc./min. for the subepicardial 
implants. The decrease in implant flow 
paralleled the decrease in mean aortic pres- 
sure which accompanied glycerol trinitrate 
administration. In three animals, flow in 
the circumflex coronary artery was mea- 
sured simultaneously with implant flow and 
in each, coronary flow increased as implant 
How decreased. The record from a typical 
experiment is reproduced in Figure 5. 


Response to Acute Ischemia 


Coronary arterial occlusion resulted in 
decreases in mean aortic pressure and de- 
creases in implant flows. Ventricular fibril- 
lation occurred in five of the dogs following 
coronary occlusion. 


Effects of Reduced Myocardial Wall 
Tension 


Following the institution of cardiopulmo- 
nary bypass, ventricular decompression, and 
fibrillation, net forward flow in the implants 
increased from the control value of 4.1 + 
0.7 cc./min. to 7.4+ 1.4 cc./min. No sig- 
nificant change in implant flow occurred 
after the ascending aorta was occluded. In 
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Fic. 5. Recordings from an animal in which 
coronary artery and implant flows were simulta- 
neously measured as glycerol trinitrate was admin- 
istered intravenously. Following injection, mean 
aortic pressure and implant flow decrease, but cir- 
cumflex coronary blood flow increases. 


two animals glycerol trinitrate had no effect 
on implant flow (mean aortic pressure 
maintained 100 mm. Hg). No differencess 
were apparent between the deep and su- 
perficial implants. 


Cineangiograms 


Selective mammary artery injections dem- 
onstrated opacification of the implants with 
filling of coronary arteries, and in each 
study dye could be seen in the coronary 
sinus. Radiopaque dye remained within 
the internal mammary artery for several car- 
diac cycles, even after the catheter was 
withdrawn. Subclavian arteriograms faintly 
opacified two of six implants, and in both 
filling and clearing of contrast medium in 
the mammary arteries was delayed. Net for- 
ward flow through the implants as recorded 
by the electromagnetic flow probe increased 
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slightly during each injection of contrast 
material. 


Discussion 


The results of the present studies demon- 
strate that myocardial ischemia is not neces- 
sary for implant patency or collateral vessel 
formation between the mammary artery 
and the coronary circulation, and this is 
consistent with the studies of Malette, 
Schneider and Tait,’ and Piccone, LeVeen, 
Potter et al? However, in spite of the 
abundant collateral network which was evi- 
dent on postmortem arteriographic studies, 
net forward flow through the implants was 
small, suggesting that anatomic methods 
may not accurately assess function of the 
implant as a source of extracoronary myo- 
ardial blood flow. The in vivo arterio- 
grams, however, although demonstrating 
collateralization with the coronary arterial 
circulation and revealing efflux of contrast 
material from the coronary sinus, suggested 
that net forward flow through the implant 
was small as there was delayed filling of 
the mammary artery after subclavian ar- 
tery injection and a slow washout of the 
dye from the mammary artery after selec- 
tive injection. 

The instantaneous pattern of implant flow 
is of considerable interest. Net forward flow 
was small in spite of high instantaneous for- 
ward flow because of the retrograde flow 
which occurred during isovolumetric sys- 
tole. Peak forward flow through the im- 
plant occurred during mid-systole, suggest- 
ing a systemic rather than coronary flow 
pattern. These implants, however, were 
placed in normal myocardium. Provan, 
Hammond and Austen? observed progres- 
sive changes in the instantaneous flow pat- 
tern of mammary artery blood after im- 
plantation in dogs in which coronary ob- 
struction was produced by ameroid con- 
strictors. In their studies, the phasic pattern 
of mammary flow assumed more of the 
characteristics of coronary arterial flow as 
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time elapsed. It is possible, therefore, that 
ischemia does influence the pattern of im- 
plant flow. 

Myocardial contraction significantly in- 
fluences the dynamics of coronary arterial 
flow and, therefore, it is not surprising that 
this factor is also a determinant of implant 
flow. During isovolumetric systole, when 
myocardial wall tension is greatest, signifi- 
cant retrograde implant flow occurs. Sub- 
epicardial placement of the implant greatly 
reduces retrograde flow and thereby in- 
creases net forward flow, since developed 
wall tension in the subepicardial area is 
less than deep in the myocardium. 

The character of the collateral bed which 
connects the mammary artery with the 
coronary arterial circulation is also an im- 
portant determinant of flow through the 
implant. Acute ischemia produced by in- 
terruption of coronary arterial flow and 
glycerol trinitrate, both potent coronary 
vasodilators, did not increase implant flow. 
When myocardial wall tension was essen- 
tially eliminated as a factor in determin- 
ing implant flow (cardiopulmonary bypass, 
ventricular fibrillation, and decompression ) 
mammary artery flow did increase some- 
what, however, it remained unresponsive to 
interventions which greatly reduce coro- 
nary vascular resistance, but was sensitive 
to alterations in aortic pressure. These data 
suggest that the mammary artery-coronary 
artery collateral vessels have a high, fixed 
vascular resistance and do not participate 
in the vascular reactivity of the coronary 
bed. There was also no difference between 
subepicardial and deep myocardial im- 
plants in this regard. It is important to em- 
phasize, however, that the present studies 
were done in normal dogs. Whether or not 
the connections which develop between im- 
plant and coronary circulation in ischemic 
muscle are different in character remains to 
be clarified. 

It is of extreme interest that one animal 
in the present study had 21 cc./min. (25 
cc./100 Gm. L.V./min.) net forward flow 
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through a single mammary artery placed 
subepicardially. This represents significant 
augmentation of myocardial blood flow. 
Unfortunately, vascular resistance studies 
of the collateral bed were not performed in 
this dog and, therefore, it is not possible 
to determine why flow in this animal was 
greater than in the other dogs. Additional 
physiologic studies are needed in order to 
obtain a better understanding of the Vine- 
berg concept. It is possible that the results 
of such studies will suggest methods by 
which the Vineberg principle can be de- 
pendably utilized to augment myocardial 
blood flow in patients with ischemic heart 
disease. 


Summary 


Both mammary arteries were implanted 
into the left ventricle in 14 normal dogs. 
In each dog, one mammary was implanted 
deep in the myocardium and the other im- 
planted subepicardially. Seventeen months 
later, assessments were performed. All im- 
plants were patent angiographically and in 
24 of the 28 implants, abundant collateral- 
ization with the coronary circulation was 
demonstrated. In both the superficial and 
deep implants, peak forward flow occurred 
during mid-systole, with a secondary peak 
occurring in diastole simultaneous with 
maximum forward flow velocity in the coro- 
nary artery. Net forward flow was small 
(range 0 to 21 cc./min., average 4.2 + 0.8) 
in spite of high instantaneous forward flows, 
because of the retrograde flow which oc- 
curred during isovolumetric systole, and 
which was greater in the deep implants. 
Thus, retrograde flow in the deep implants 


averaged 24.9 + 4.6 cc./min. and retro- 
grade flow in the subepicardial implants 
averaged 4.9 L9 cc./min. (p < 0.001 ). 
Implant flows were greater (average 7.4 + 
1.4 cc./min.); p< 0.05 when myocardial 
wall tension was reduced ( cardiopulmonary 
bypass, ventricular fibrillation) and were 
responsive to changes in systemic arterial 
pressure. Isoproterenol infusion increased 
both peak forward and retrograde flow 
velocities but net forward flow was not 
augmented. Glycerol trinitrate did not in- 
crease implant flow although simultaneously 
measured coronary flow increased. Coro- 
nary artery occlusion also did not signifi- 
cantly increase implant flow. Thus, retro- 
grade flow during isovolumetric systole and 
the high resistance of the collateral vessels 
between the mammary artery and the 
coronary arteries limit net forward flow 
through the implants. 
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Book Review 


Craft of Surgery, Second Edition; Author, 
Purre Cooper, M.D. 2276 pgs. three 
volumes, cased, size 714 X 10", index, 
1,403 illustrations, date of publication 
1971, list price $75, binding—cloth. Pub- 
lisher, Little Brown, 34 Beacon Street, 
Boston, Mass. 02106. 


Mosr surgical educators would agree with 
Dr. Cooper's preface to this second edition 
that the teaching of the craft of surgery is 
assuming again its rightful position in the 
training of surgeons. This is in no way to 
detract from the importance of diagnosis 
and therapy in the peri-operative periods; 
it is simply a reassertion of an all too ob- 
vious truth, that the success of most surgical 
undertakings is in large measure directly 
proportional to the speed, gentleness, dili- 
gence and accuracy exercised during the 
performance of the operation. This second 
edition, like the first, is a book on technic 
and something more—it not only shows one 
the steps in performing a given operative 
procedure, but in a sense “talks one 
through" that procedure. It emphasizes 
manual skills, but it also emphasizes intra- 
operative surgical judgment. 

The book has been expanded from a 
two-volume first edition and now includes 
two entirely new sections, one covering ma- 
jor operative approaches to important and 
common neurosurgical conditions and the 
other presenting orthopedic procedures. 
The expansion of previous sections was ac- 
complished with the addition of chapters 
on the management of thoracic and abdom- 
inal trauma, transcervical thymectomy, pro- 
cedures for cancers of the hypopharynx and 
cervical esophagus, popliteal aneurysm, 
deep vascular occlusion, myocardial re- 
vascularization, cardiovascular injuries, uri- 
nary incontinence, transplantation of the 
heart and kidneys (one wonder about the 
appropriateness of a routine chapter on 
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heart transplantation), open prostatectomy, 
preperitoneal approach for repair of groin 
hernias, the management of gastrointestinal 
abdominal fistulas, surgery of the small 
bowel, operations on the appendix, surgery 
of the female adnexa, anorectal surgery and 
extended amputations. The style does vary 
from section to section but this is refreshing 
rather than distracting. The contributors 
are all well versed in the technics they de- 
scribe and put forth also the pitfalls, com- 
mon errors and other pearls of wisdom that 
come only with large and varied experience. 

Compared to standard books on technic 
there is a paucity of illustrations and dia- 
grams, and in my estimation this book is 
written for someone who has had at least 
early experience in operative surgery. Some 
familiarity with the procedures described is 
presumed upon. In return for this however, 
more attention can be given to an orderly 
description of the operative technic and 
more attention to explaining why various 
maneuvers are carried out. I believe this is 
a valuable book for residents who have al- 
ready had some exposure to operative sur- 
gery and it will certainly be a refreshing 
reminder for more experienced surgeons of 
some of the finer points of operative care. 
Usually if there is more than one accepted 
technic or approach for a given procedure, 
several are presented. The book is well in- 
dexec and most sections are followed by a 
timely but not exhaustive set of references. 
I believe this work is an appropriate addi- 
tion to the surgeon's library and will be 
complementary to more basic texts on sur- 
gical therapy. It will serve also as a rapid 
refresher in the preparation for most opera- 
tive procedures. 


Francis E. Rosato, M.D. 
Dept. of Surgery, 
University of Pennsylvania 
School of Medicine 
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Minnie; That young 
| octor feller gave her 
oxidan to take last night. 
And it worked! 

. Danthron made it certain — 
— Because it's an efficient, 
predictable, highly specific 
peristaltic stimulant. 
D.C. S. (dioctyl calcium 
sulfosuccinate) made it easy — 
Because it softens stools 
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THIS DRUG SHOULD BE USED ONLY BY 
INDIVIDUALS FAMILIAR WITH ITS 


ACTIONS, CHARACTERISTICS AND 
HAZARDS. 





DESCRIPTION: Anectine brand Succinylcholine 


Chloride is an ultra short-acting depolarizing 
type muscle relaxant. Chemically it is a di- 
quaternary base consisting of the di-chloride 
salt of the di-choline ester of succinic acid. 


It is a white, odorless, slightly bitter powder and 


very soluble in water. The drug is unstable 
with alkaline solutions, but relatively stable in 
acid solutions depending upon the 
concentration of the solution and the storage 


temperature. While solutions of succinylcholine 


chloride are sterilized by autoclaving, they 
should, nevertheless, be stored under 
refrigeration to preserve their potency. 


INDICATIONS: Succinylcholine chloride is 
indicated as an adjunct to anesthesia to 
induce skeletal muscle relaxation. It may be 
employed to reduce the intensity of muscle 
contractions of pharmacologically or 
electrically induced convulsions. 


CONTRAINDICATIONS: Succinyicholine is 
contraindicated for persons with a known 
hypersensitivity to the drug. 


WARNINGS: 


WARNING: SUCCINYLCHOLINE SHOULD 
BE USED ONLY BY THOSE SKILLED IN 
THE MANAGEMENT OF ARTIFICIAL 
RESPIRATION AND ONLY WHEN FACILI- 
TIES ARE INSTANTLY AVAILABLE FOR 
ENDOTRACHEAL INTUBATION AND FOR 
PROVIDING ADEQUATE VENTILATION 


OF THE PATIENT, INCLUDING THE AD- 
MINISTRATION OF OXYGEN UNDER 
POSITIVE PRESSURE AND THE ELIMI- 
NATION OF CARBON DIOXIDE. THE 
CLINICIAN MUST BE PREPARED TO 
ASSIST OR TO CONTROL RESPIRATION. 





Succinylcholine should not be mixed with 
short-acting barbiturates in the same syringe, 
or administered simultaneously during 


intravenous infusion through the same needle. 


Solutions of succinylcholine have an acid pH 
whereas those of barbiturates are alkaline in 
reaction. Depending upon the resultant pH of 
a mixture of solutions of these drugs, either 
free barbituric acid may be precipitated or 
succinylcholine hydrolyzed. 

Usage in Pregnancy: The safe use of 
succinylcholine has not been established with 
respect to the possible adverse effects upon 
fetal development. Therefore, it should not be 
used in women of childbearing potential and 
particularly during early pregnancy unless in 
the judgment of the physician the potential 
benefits outweigh the unknown hazards. 
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 instant-mix sterile powder 

packaged for convenient use 

e unbreakable sterile 
plastic injection 
units of 500 and 1,000 mg. 

* no separate needle or 
syringe necessary 

e for vacuum or 
non-vacuum bottles 

e no refrigeration required 

e powder retains potency 
indefinitely 


depression or apnea following the use of succinylcholine. Low 
levels of plasma cholinesterase may occur in patients with severe 
liver disease or cirrhosis, severe anemia, malnutrition, severe 
dehydration, changes in body temperature, exposure to neuro- 
toxic insecticides or those receiving antimalarial drugs. Succinyl- 
choline should be administered with extreme care to such 
patients and dosage should be minimal. If low plasma cholines- 
terase activity is suspected, a small test dose of from 5 to 10 

mg. of succinylcholine may be administered, or relaxation may 
be produced by the cautious administration of a 0.1% solution 
of the drug by intravenous drip. Drugs which either inhibit 
plasma cholinesterase, such as neostigmine, or compete with 


succinylcholine for the enzyme, as does intravenous pro- 


caine, should not be given concurrently with succinyicholine. 


Succinylcholine should be administered with great cau- 
tion to patients with severe burns, those recovering from 
severe trauma, those suffering from electrolyte imbalance, 
those who have been digitalized recently or who may 
have digitalis toxicity as serious cardiac arrhythmias or 
cardiac arrest may result. Great caution should be ob- 
served also in patients with preexisting hyperkalemia or 
who are paraplegic, have suffered spinal neuraxis injury, 
or have degenerative or dystrophic neuromuscular dis- 
ease, as such patients tend to become severely hyper- 
kalemic when succinylcholine is given. 

When succinylcholine is given over a prolonged period 
of time, the characteristic depolarization block of the 
myoneural junction may change to a non-depolarizing 
block which results in prolonged respiratory depression 
or apnea. Under such circumstances, small repeated 
doses of neostigmine or edrophonium may possibly act as 
antagonists. A peripheral nerve stimulator (e.g., the 
Wellcome Peripheral Nerve Stimulator) may be used to 
ascertain the type of neuro-muscular blockade. If a 
depolarization block is present both fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sustained, 

and post-tetanic facilitation is absent. If a non-depolariz- 
ing block is present there is post-tetanic facilitation and 
“fade” of successive stimuli on both fast (tetanic) and 
slow (twitch) rates of nerve stimulation. 

Succinylcholine should be used with caution during ocular 
surgery and in patients with glaucoma. The drug should 
be employed with caution in patients with fractures or 
muscle spasm as the muscle fasciculations may cause 
additional trauma. Muscle fasciculations and hyperkalemia 
may be reduced by administering a small dose of a 
non-depolarizing relaxant. If other relaxants are to be 
used during the same procedure, the possibility of a 
synergistic or antagonistic effect should be considered. 
ADVERSE REACTIONS: Adverse reactions consist primar- 
ily of an extension of the drug's pharmacological actions. 
Profound and prolonged muscle relaxation may occur, 
resulting in respiratory depression to the point of apnea. 
Hypersensitivity to the drug may exist in rare instances. 
The following adverse reactions have been reported: 
bradycardia, tachycardia, hypertension, hypotension, 
arrhythmias, cardiac arrest, prolonged respiratory depres- 
sion or apnea, hyperthermia, increased intraocular pres- 
sure, muscle fasciculation, post-operative muscle pain, 
myoglobinemia and excessive salivation. 

MANAGEMENT OF ADVERSE REACTIONS: Apnea or 
prolonged muscle paralysis should be treated with 
controlled respiration. 

The use of neostigmine to reverse a non-depolarization 
block is a medical decision which must be decided upon 
the basis of the individual clinical pharmacology and 

the experience and judgment of the clinician. When 
neostigmine is used atropine should also be administered. 
SUPPLIED: Injection, Multi-dose vials, 20 mg./cc., 10 cc., 
boxes of 12 vials. Sterile Solution, 50 mg./cc., 10 cc. 
amp.; 100 mg./cc., 10 cc. amp., boxes of 12. Flo-Pack$, 
Sterile Powder 500 mg. and 1000 mg., boxes of 12. 


Complete literature available on request from 
Professional Services Dept. PML. 


Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 
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Can we help with your questions about GARAMYCIN Injectable, Doctor? 
If so, write to: 


Schering Corporation 
Professional Services Department 
Galloping Hill Road 
Kenilworth, New Jersey 07033 
Telephone: (201) 245-5000 





WARNING: Patients treated with GARAMYCIN Injectable should be under close clinical observation because of the potential toxicity 
associated with the use of this drug. 

o i both vestibular and auditory, can occur in patients, primarily those with preexisting renal damage. treated with 
GARAMYCIN Injectable, usually for longer periods or with higher doses than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this should be kept in mind when it is used in patients with preexisting renal 
impairment. (See Package Insert for other precautions, contraindications, ctc.) 

Monitoring of renal and eighth nerve function is recommended during therapy of patients with known impairment of renal function. 
This testing is also recommended in patients with normal renal function at onset of therapy who develop evidence of nitrogen 
retention (increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity requires dosage adjustments or discontinuance 
of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and prolonged concentrations above 12 mcg./ ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, particularly streptomycin, neomycin, kanamycin, cephaloridine, 
viomycin polymyxin B, and polymyxin E (colistin), should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not been cstablished. 





m O 


"m (© 


a O 


tO 


iO 


Serious Surgical Infections | 


Are the etiologic patterns in hospital-acquired infections changing? 


Yes. Although staphylococci are still the most common causative agents in wound infections, gram- 
negative bacteria are becoming more and more significant as causes of certain types of wound 
infections. Klebsiella, Pseudomonas, Proteus, Serratia, and Escherichia coli are implicated with 
increasing frequency. 


Against which of the above pathogens is GARAMYCIN Injectable effective? 


GARAMYCIN Injectable is effective against susceptible strains of all of them. GARAMYCIN Injectable 
may be considered an antibiotic for initial therapy in suspected as well as documented gram-negative 
sepsis. GARAMYCIN Injectable has been shown to be effective in serious staphylococcal infections. 

It may be considered in those infections when penicillins or other less potentially toxic drugs are 
contraindicated and bacterial susceptibility testing and clinical judgment indicate its use. (For 
detailed listing of susceptible organisms, see prescribing information on the following page.) 


Adverse Reactions 


What about adverse reactions to GARAMYCIN Injectable? 


As with certain other aminoglycoside antibiotics, neurotoxicity (primarily vestibular) and potential 
nephrotoxicity are risks of therapy (see warning statement on preceding page). With GARAMYCIN l 
Injectable, the risk of toxic reactions is low in patients with normal renal function who do not receive 
the drug at higher doses or for longer periods than recommended. For example, the normal patient 
receiving the recommended single dose will attain a blood level of approximately 4 mcg./ml.; the 
potentially toxic level is 12 mcg. /ml. Studies concerning the toxicity as outlined above are available 
on request from Schering Laboratories. 


Dosage Guidelines in Serious Surgical Infections-IM JIV 


Is it always necessary to adjust dosage to the patient's weight? 


No. While the basic daily dosage of GARAMYCIN Injectable, as recommended in the Product Informa- 
tion Sheet, is 3 mg./kg./day, administered in three equal doses, many busy physicians prefer to use an 
average dose. 

A new, simplified dosage guideline is provided in recently revised GARAMYCIN Injectable labeling 
which assures adequate serum levels. 

This new dosage, in patients with normal renal function, is easy to calculate and easy to remember. 
Adults weighing 132 pounds or less should receive 1.5 cc. (60 mg.) every eight hours. Adults weighing 
more than 132 pounds should receive 2 cc. (80 mg.) every eight hours. In children and infants and 
patients with impaired renal function, dosage should be adjusted in accordance with instructions set 
forth in the Product Information Sheet. Use in newborns is limited to life-threatening infections. 


Can GARAMYCIN Injectable be administered intravenously? 


For intravenous use dilute a single dose in 100 or 200 cc. of sterile normal saline (or sterile dextrose 
5% in water); infuse over a period of 1-2 hours. The concentration of GARAMYCIN in solution should 
not exceed | mg./cc. (0.1%). 


Clinical Evidence 


How much clinical usage has GARAMYCIN Injectable had? 


Since its introduction in 1969, GARAMYCIN Injectable has been administered to more than 750,000 
patients with a variety of serious gram-negative infections. Results have been satisfactory in the vast 
majority of these patients, even in those with life-threatening infections. The antibiotic has been the 
subject of more than 1500 published papers and 12 international symposia. 

GARAMYCIN has also had widespread use in other parts of the world—Canada, South America, 
Europe, Africa, Australia, and Japan. It has been used successfully abroad for nearly 10 years. 


See Clinical Considerations section which follows... 
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Now recommended for LV use where indicated Wu. 


Injectable GARAMYCINS I.M./I.V. 

brand of gentamicin sulfate U.S.P, injection 40 mg./ cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 
















WARNING: 
Patients treated with GaRAMYcIN Injectable should be under 
close clinical observation because of the potential toxicity as- 
sociated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in pa- 
tients, primarily those with preexisting renal damage, treated 
with GARAMYCIN Injectable, usually for longer periods or with 
higher doses than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this 
should be kept in mind when it is used in patients with pre- 
existing renal impairment. (See Package Insert for other precau- 
tions, contraindications, etc.) 

Monitoring of renal and eighth nerve function is recom- 
mended during therapy of patients with known impairment of 
renal function. This testing is also recommended in patients 
with normal renal function at onset of therapy who develo 
evidence of nitrogen retention (increasing BUN, NPN, creati- 
nine or oliguria). Evidence of ototoxicity requires dosage ad- 
justments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible 
and prolonged concentrations above 12 mcg./ml. should be 
avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic 
drugs, particularly streptomycin, neomycin, kanamycin, ceph- 
aloridine, viomycin, polymyxin B, and polymyxin E (colistin), 
should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not 
been established. 



















Indications: GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudo- 
monas aeruginosa, Proteus species (indole-positive and indole-nega- 
tive), Escherichia coli and Klebsiella-Enterobacter-Serratia species. 
Clinical studies have shown GARAMYCIN Injectable to be effective in 
serious infections of the central nervous system (meningitis), septice- 
mia, urinary tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). Bacteriologic tests to determine the caus- 
ative organisms and their susceptibility to gentamicin should be per- 
formed. Bacterial resistance to gentamicin develops slowly in stepwise 
fashion; there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may 
be considered as initial therapy. The decision to continue therapy 
with this drug should be based on the results of susceptibility tests, 
the severity of the infection, and the important additional concepts 
contained in the "Warning Box” above. 

GARAMYCIN has been shown to be effective in serious staphylococcal 
infections. It may be considered in those infections when penicillins or 
other less potentially toxic drugs are contraindicated and bacterial sus- 
ceptibility testing and clinical judgment indicate its use. 


Contraindications: A history of hypersensitivity to gentamicin is a 
contraindication to its use. 


Precautions: The concurrent use of gentamicin with potent diuretics 
such as ethacrynic acid should be avoided. Intravenous diuretics may 
cause fairly rapid rise in gentamicin serum level and potentiate neuro- 
toxicity. Neuromuscular blockage and respiratory Age have been 
reported in the cat receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in man should be con- 
sidered if gentamicin is administered to patients receiving neuromus- 
cular blocking agents such as iuccinsichaline and tubocurarine. Treat- 
ment with gentamicin may result in overgrowth of nonsusceptible 


organisms. If this occurs, appropriate therapy is indicated. 
Adverse Reactions: Nephrotoxicity: Adverse renal effects, as demon- 


strated by rising BUN, NPN, serum creatinine and oliguria, have been 
reported. They occur more frequently in patients with a history of 
renal impairment treated with larger than recommended dosage. Neu- 
rotoxicity: Adverse effects on both vestibular and auditory branches 
of the cighth nerve have been reported in patients on high dosage 
and/or prolonged therapy. Symptoms include dizziness, vertigo, tin- 
nitus, roaring in the cars and hearing loss. Numbness, skin tingling, 





muscle twitching, and convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses or 
for longer periods of time than recommended. 


Other reported adverse reactions, possibly related to gentamicin, 
include increased serum transaminase (SGOT, SGPT), increased se- 
rum bilirubin, transient hepatomegaly, decreased serum calcium; 
splenomegaly, anemia, increased and decreased reticulocyte counts, 
granulocytopenia, thrombocytopenia, purpura, fever, rash, itching, 
urticaria, generalized burning, joint pain, laryngeal edema; nausea, 
vomiting, headache, increased salivation, lethargy and decreased appe- 
tite, weight loss, pulmonary fibrosis, hypotension and hypertension. 


Dosage and Administration: GARAMYCIN Injectable may be given 
intramuscularly or intravenously. 

For intramuscular administration in adults with normal renal func- 
tion:* 

For patients weighing over 60 kg. (132 1b., the usual dosage is 
80 mg. (2 cc.) three times daily. For patients weighing 60 kg. (132 Ib.) 
or less, the usual dosage is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg./ 
kg./day may be administered in three or four equal doses. This dos- 
age should be reduced to 3 mg./kg./day as soon as clinically indicated. 

*In children and infants and patients with impaired renal function, 
dosage must be adjusted in accordance with instructions set forth in 
the Package Insert. Use in newborns should be limited to life-threat- 
ening infections. See Package Insert. 


For Intravenous Administration: The intravenous administration of 
GARAMYCIN Injectable is recommended in those circumstances when 
the intramuscular route is not feasible (e.g., patients in shock, with 
hematologic disorders, with severe burns, or with reduced muscle 
mass). For intravenous administration, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or 
in a sterile solution of dextrose 5% in water; the concentration of 
gentamicin in solution should not exceed 1 mg./cc. (0.1%). The solu- 
tion is infused over a period of 1 to 2 hours. 

GARAMYCIN Injectable should not be physically premixed with 
other drugs, but should be administered separately in accordance 
with the recommended route of administration and dosage schedule. 


How Supplied: GARAMYciN Injectable, 40 mg./cc., 2 cc. multiple-dose 
vials, for parenteral administration. MARCH, 1971 
AHFS Category 8:12.28 


For more complete prescribing details, consult Package Insert or Phy- 
sicians' Desk Reference. Schering literature is also available from your 


Schering Representative or Medical Services Department, Schering 
Corporation, Kenilworth, New Jersey 07033. 


References: 1. Brayton, R. G., and Louria, D. B.: Gentamicin in gram-negative 
urinary and pulmonary infections, Arch. Int. Med. /14:205, 1964. 2. Louria, 
D. B.; Young, L.; Armstrong, D., and Smith, J. K.: Gentamicin in the treatment 
of pulmonary infections, J. Infect. Dis. 119:483, 1969. 3. Gatmaitan, B. Gi 
Carruthers, M. M., and Lerner, A. M.: Gentamicin in treatment of primary 
gram-negative pneumonias, Am. J. M. Sc. 260:90, 1970. 4. Cox, C. E.: Gentamicin, 
M. Clin. North America 54:1305, 1970. 5. Cox, C. E.: Gentamicin, a new 
aminoglycoside antibiotic: Clinical and laboratory studies in urinary tract in- 
fection, J. Infect. Dis. 119:486, 1969. 6. Cox, C. E., and Harrison, L. H.: 
Gram-negative bacteremia and comparison of gentamicin and polymyxin B— 
kanamycin therapy. Presented at the Annual Meeting of the American Urological 
Association, Philadelphia, Pennsylvania, May 10-14, 1970. To be published in 
J. Urol. 7. Groll, E.: Clinical experience with gentamicin, data from 12 German 
clinics, in Gentamicin: First International Symposium, Paris, January 1967, 
Lucerne, Essex Chemie AG, 1967, p. 121. 8. Jackson, G. G.: Laboratory and 
clinical investigation of gentamicin, ibid., p. 62. 9. Medeiros, A. E.: Discussion, 
J. Infect. Dis. 779:533, 1969. 10. Finland, M.: Gentamicin: Antibacterial activity, 
clinical pharmacology and clinical applications, M. Times 97:161, 1969. 11. 
Polk, H.: Discussion, J. Infect. Dis. 119:529, 1969. 
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MUCOMYST 


ACEIYLCYSIEINE 
ecisively surpasses saline 








in liquefying thickened mucus 


e Mucomyst has sharply reduced the incidence of postoperative 
atelectasis* and other pulmonary complications including pneumonia.5* 





e Helps maintain open airways dur- 
Ing anesthesia...helps overcome 
difficulties in tracheostomy care... 
facilitates aspiration of the tracheo- 
bronchial tree.** 


e Collapses ropy mucoprotein by 
chemically breaking the disulfide 
linkages without formation of poten- 
tially sensitizing polypeptides. 


e Acts without irritating mucous 
membranes. ..mucolyticaction is safe, 
rapid and persisting. 


e Mucomyst liquefies and loosens 
both purulent and nonpurulent secre- 
tions effectively. 





Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 


ical block due to foreign body or local accumulation, the airway should be cleared by endotracheal aspiration, with or without 
bronchoscopy. Asthmatics under treatment with Mucomyst should be watched carefully. If bronchospasm progresses, this medica- 


and 30 ml.; Mucomyst® (acetylcysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. References: 
1. Hurst, G. A., et al.: Amer. Rev. Resp. Dis. 96:962, 1967. 2. Hirsch, S. R., et al.: Amer. Rev. Resp. Dis. HOST 
94:784, 1966. 3. Hirsch, S. R., and Kory, R. C: J. Allerg. 39:265, 1967. 4. Thomas, P. A., et al.: Amer. Surg. 

32:301, 1966. 5. Webb, W. R., and Degerli, I. U.: Clin. Med. 71:1531, 1964. 6. Webb, W. R.: Postgrad. Med. LABORATORIES 
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Calihrated transparent wall for suction can be reestablished 


Universal Connector 


Transparent to permit viewing. 
Can be disconnected to flush 
if required. 
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The people who really care 


Bronchopneumonia 
often an urgent concern 





*que to susceptible organisms 





Loridine I. M.500-mg ampo 
therapy worthy of consideration 


Loridine is active in vitro against susceptible 
strains of streptococci, staphylococci, pneumococci, 
Klebsiella, and Hemophilus influenzae — pathogens that 
may cause bronchopneumonia and other respiratory tract 
infections. 

One dose of Loridine provides measurable serum levels 
of antibacterial activity up to twelve hours. 

These properties may be of benefit in effectively treat- 
ing respiratory tract infections due to susceptible organ- 
isms and are some of the reasons why Loridine provides 





Before Administration of Loridine 


1. Determine renal status before 
initiating therapy. 


2. In patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4. Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 





diuretics, such as furosemide or etha- 


crynic acid. 


During Administration of Loridine 


l. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 0.5 to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenance dosage, 


therapy worthy of consideration. 


n, 
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the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 


4. Jf impaired renal function devel- 


Ops or worsens during therapy, dis- 
continue use. 


Please turn page for prescribing information. 


75, Loridine LM. 


Because of nephrotoxicity (e.g., tubular necrosis) of cephaloridine 
in dosages above 4 Gm. daily (see Warnings and Adverse Reactions), 
recommended doses should not be exceeded. Renal status of the pa- 
tient should be determined prior to initiation of therapy. Patients 
with known or suspected impairment of renal function should be under 
close clinical observation for changes in renal function or be hospital- 
ized, and reduced dosage should be employed. If impaired renal func- 
tion develops during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial con- 
centrations in the urine, in some instances approaching 1,000 
mcg. per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly 
to plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of enter- 
ococci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephalor- 
idine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and 
penicillin-G-susceptible staphylococci are susceptible to Loridine. 
However, some strains of penicillinase-producing staphylococci are 
resistant in vitro to concentrations of Loridine that can be achieved 
in the serum. The majority of strains of H. influenzae, Pr. mirabilis, 
Esch. coli, and Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the 
treatment of gonorrhea when penicillin is not considered the drug 
of choice. 

Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 


Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 
Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS. INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
output, a rising BUN or serum creatinine, or a decreasing creati- 
nine clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamy- 
cin, polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or etha- 
crynic acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 


Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten days. 

In the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinations 


(cephaloridine) 
500-mg. ampoule 
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Indicated surgical procedures should be performed in conjunc- 
tion with antibictic therapy. 
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reactions are more likely to occur in patients with a history of 
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Blood—Neutropenia and leukopenia have been reported. Some 
individuals have developed positive direct Coombs tests during 
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Liver—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings 
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Renal—Severe, acute renal failure, in some cases terminating 
in death, has occurred in a small number of patients receiving 
Loridine. The possibility of this complication seems to be greater 


in seriously ill patients given more than recommended doses. 
Acute tubular necrosis has been noted in affected patients coming 
to autopsy. 


Local Peactions—Pain on I.M. injection of Loridine is rare, and 
phlebitis on I.V. injection occurs infrequently. 
Other—Nausea and vomiting have been reported. 


Administration and Dosage: Loridine should be dissolved in either 
Sodium Chloride Injection or Sterile Water for Injection. (See the 
package literature for Dilution Table.) 

Intramuscular Injection—Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The us ial adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals. 
Milder and more susceptible infections have been treated with 250 
to 500 m3. given two or three times a day. More severe infections 
may be treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of acute 
gonorrhea. 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

If more than 2 Gm. of cephaloridine is injected daily, the patient 
should be under close clinical observation for changes in renal 
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per pound) of body weight, given in divided doses, has been found 
effective for mild to moderately severe infections. A daily total of 
100 mg. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants 
under on» month of age has not been established, the use of cepha- 
loridine in these patients is not recommended. 
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more closely to insusceptibility of the organism or poor general 
condition of the patient than to inadequate dosage. 

Intravenous Injection—ln the presence of extremely serious in- 
fections (such as bacteremia) or when any infection seems over- 
whelming, intravenous administration may be indicated. 

Total caily dosages are the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
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discharge and irritation. Cauterization is a definitive 
treatment for cervicitis. But after cauterization, 
bacteria normally present in the vagina may flourish 
in * organic debris...cause increased necrosis 
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ay in healing. 


trofurazone) 
Suppositories /Cream 
“The Cervical Dressing” 


Helps control infection after cauterization... 
minimizes malodorous discharge and irritation... 
encourages prompt, clean healing 


FURACIN (nitrofurazone) VAGINAL SUPPOSITORIES 
Formula: Each 2 Gm. suppository, hermetically sealed in gold 
ontains Furacin (nitrofurazone) 0.3% (6 mg) in a 

-miscible base. 


ications: For treatment of bacterial vaginitis and cervicitis and 
the resulting leukorrhea and malodor; prevention of infection 
before and following cervicovaginal surgery and electrosurgery, 
including hysterectomy and postpartum repair; before and after 
radiation therapy of pelvic neoplasms in women. 


Mode of Use: Insert one or two suppositories in the posterior 
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Four important words in surgery. 


The transfusion of whole blood is still absolutely 
indicated in the treatment of severe hemorrhagic 
Shock. But, because of the danger of hepatitis, it is 
recommended that the use of whole blood be re- 
stricted and solely determined by the oxygen require- 
ments of the patient.(1) 

Plasmanate* (Plasma Protein Fraction-Human- 
5% U.S.P.) gives a reliable volume effect without the 
danger of transmitting the hepatitis virus. And .. . 
“infusion of 500-1000 ml. of Plasmanate effects no 
change in bleeding time, coagulation time and 
prothrombin time.” (2) 

Plasmanate Solution is primarily indicated in treat- 
ment of shock where there is predominant loss in 
plasma proteins without a commensurate loss in red 
blood cells. It gives reliable volume expansion where 


Summary of prescribing information: 

Plasmanate® plasma expander is stabilized, buffered, 5°% solution 
of selected plasma proteins: 88 % serum albumin, 7 % alpha globu- 
lin, 5% beta globulin. Standardized electrolytes consistently de- 
liver lower sodium (110 mEq.L), potassium (0.25 mEq.L), and 
chloride (SO mEq.L), than plasma or 25°% albumin. Each flask is 
heat-treated at 60°C. for 10 hours against the possibility of trans- 
mitting the hepatitis virus. Indications: Shock from hemorrhage, 
burns, crushing injuries, abdominal emergencies and other causes 
when there is predominate loss of plasma fluid and not red cells. 
Also, treatment of hypoproteinemia. Contraindications: Contra- 
indicated in presence of severe anemia or congestive cardiac 
failure. Warning: Observe hypervolemic patients carefully during 
and following infusion to avoid circulatory embarrassment and 
pulmonary edema. Adverse Reactions: Rare instances of nausea, 
possibly caused by patient’s illness alone. Precautions: Administer 
intravenously only. Do not mix or infuse through the same set 
with either Protein Hydrolysate solution or those containing ethyl 
alcohol. Plasmanate Solution does not contain coagulation factors 
and should not be relied on to treat coagulation defects. Use with 
care in patients with normal or increased blood volume. 

NOTE: For complete prescribing information, consult package 
directions. 


shock exists, there are no cross matching problems, 
nor have any allergic reactions been reported. 

This pharmacologic solution provides the major 
plasma proteins: albumin, alpha and beta globulins. 
It is ideally low in sodium, potassium and chloride 
content, and does not cause dehydration. 

Plasmanate solution is fractionated solely from 
venous blood. 
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For more information talk to your Cutter repre- 
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224 mg. aspirin, 160 mg. phenacetin, and 32 mg. caffeine. 


After minor surgery--reliable pain relief 
that’s a and long lasting 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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Notice to Contributors and Subscribers 


The ANNALS OF SURGERY considers for pub- 
lication original articles only, papers which 
offer significant contributions to the advance- 
ment of surgical knowledge. 


CONTRIBUTIONS. Original typed manuscripts 
and illustrations, plus three copies and 3 sets 
of illustrations, exchanges and book reviews 
should be forwarded prepaid, at the author's 
risk, to the Chairman of the Editorial Board 
of the ANNALS OF SURGERY: 


Jonathan E. Rhoads, M.D. 
1000 Ravdin Institute, 3400 Spruce St. 
Philadelphia, Pa. 19104 


Manuscripts, as well as list of references, 
should be typed double spaced on one side 
of the paper, leaving wide margins. While 
every effort will be made to guard against loss, 
it is advised that authors retain copies of manu- 
scripts submitted. The complete address for 
reprint requests should be included in the 
title page. All pages should be numbered. 


Digits one to ten should be spelled out, 
except when used for units of measurement 
(time, weight, volume, dosage, degrees) per- 
centage, or when decimals are involved; for 
numbers above ten, numerals should be used. 
Dorland's Medical Dictionary and Webster's 
International Dictionary may be used as stand- 
ard references. Scientific names for drugs 
should be used when possible. Copyright or 
trade names of drugs should be capitalized. 
Units of measurement, e.g., dosage, should be 
expressed in the metric system. Temperature 
should be expressed in degrees centigrade. 
Contributions in a foreign language, when ac- 
cepted, will be translated and published in 
English. 


Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 
the number supplied. Colored illustrations will 
be published at the author's expense. Black and 
white photographs should be in the form of 
glossy prints. Line and wash drawings should 
be black on white paper, with lettering in 
black india ink, large enough to be readable 


after necessary reduction. Large or bulky illus- 
trations should be accompanied by smaller 
glossy reproductions of the same, to facilitate 
their circulation among the reviewing members 
of the editorial board. Illustrations should be 
numbered, the tops indicated, and the author's 
name and the title of the article in brief appear 
on the back. A separate typewritten sheet of 
legends for the illustrations should be supplied. 


A bibliography of numbered references in 
alphabetical order should appear at the end of 
the manuscript with corresponding numbering 
in the text. Bibliographies should conform to 
the style of the Index Medicus with the excep- 
tion that the last page number should be 
omitted, viz: authors name, title of article, 
name of journal, volume number, first page 
number, and year of publication in the order 
named. 

PUBLISHER'S NOTICES 

CHANGE or AppmEss: Please allow 60 days 
before date of issue for change of address. 
Notification should include the old as well as 
the new address, with indication of whether 
the change is temporary or permanent. Please 
give the name of the journal. 


Copies will not be replaced without charge 
unless we receive a request within 60 days 
of the mailing in the U. S. or within 90 days 
in all other countries. 


Business Appress: Subscriptions, reprints, 
advertising. and all business communications 
should be addressed to: 


ANNALS OF SURGERY 
J. B. Lippincott Co. 


East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates 
$20.00 per year in the U. S., its possessions 
and Canada. All other countries $23.00. All 
prices include postage. Single issues $3.00. 
Rate for Residents, U. S. only, $14.00. 

The publishers accept no responsibility for 
opinions expressed by contributors. 
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A Dulcolax suppository 
can do anything an enema can — 
except scare people. 


Just one suppository usually assures a predictable 
bowel movement in 15 minutes to an hour. Gone are the tubing, the 
"accidents," and the bruised egos associated with enemas. 

For preoperative preparation, the combination of 
tablets at night and a suppository the next morning usually cleans the 
bowel thoroughly. Suppositories may also be particularly helpful when 
straining should be avoided,as in postoperative care. 

As with any laxative, abdominal cramps are occasion- 
ally noted. Dulcolax is contraindicated inthe acute surgical abdomen. 


Dulcolax...the cure for enemaphobia 


bisacodyl NF 


Under license from Boehringer Ingelheim G.m.b.H. GEIGY Pharmaceuticals, Division of CIBA-GEIGY Corporation, Ardsley, New York 10502 
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See next page for prescribing information. 


50 MG. PER M 


HIGH POTENCY 


an injectable antiemetic 


PARKE-DAVIS 
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enadryl Injectable | 
iohenhydramine HC nection! 





INDICATIONS: Benadryl in the injectable form is effective 
for the following conditions when Benadryl in the oral form 
is impractical: Antihistaminic: For amelioration and pre- 
vention of allergic reactions to blood or plasma in patients 
with a known history of such reactions; in anaphylaxis as 
an adjunct to epinephrine and other standard measures 
after the acute symptoms have been controlled; and for 
other uncomplicated allergic conditions of the immediate 
type when oral therapy is impossible or contraindicated. 
Antiemetic: For active treatment of motion sickness. 
Antiparkinsonism: For use in parkinsonism (including 
drug-induced extrapyramidal reactions), when oral therapy 
is impossible or contraindicated, as follows: parkinsonism 
in the elderly who are unable to tolerate more potent 
agents, mild cases of parkinsonism in other age groups, 
and in other cases of parkinsonism in combination with 
centrally acting anticholinergic agents. 
CONTRAINDICATIONS: This drug should not be used in 
premature or newborn infants. Do not use in patients with: 
Hypersensitivity to diphen- Prostatic hypertrophy 
hydramine hydrochloride Stenosing peptic ulcer 
Asthmatic attack Pyloroduodenal obstruction 
Narrow-angle glaucoma Bladder-neck obstruction 
Preparations containing diphenhydramine hydrochloride 
should not be given to patients receiving monoamine oxi- 
dase inhibitors. 
WARNINGS: Overdosage of antihistamines may produce 
convulsions or death, especially in infants and children. As 
in the case of other preparations containing central ner- 
vous system depressant drugs, patients receiving diphen- 
hydramine hydrochloride should be cautioned about addi- 
tive effects with alcohol and other central nervous system 
depressants (hypnotics, sedatives, and tranquilizers). 
Patients who become drowsy on diphenhydramine hy- 
drochloride should be cautioned against engaging in ac- 
tivities requiring mental alertness, such as driving a car or 
operating heavy machinery or appliances. 
Pregnancy Warning: Although there is no evidence that 
the use of diphenhydramine hydrochloride is detrimental 
to the mother or fetus, the use of any drug in pregnancy or 
lactation should be carefully assessed. 
As with all anticholinergic drugs, an inhibitory effect on 
lactation may occur. 
Hypersensitivity Warning: Hypersensitivity reactions to 
diphenhydramine hydrochloride including anaphylactic 
shock, are more likely to occur following parenteral ad- 
ministration than oral administration. 


PARKE. DAVIS & COMPANY, Detroit, Michigan 48232 


PRECAUTIONS: Avoid subcutaneous or perivascular in- 
jection. 

Diphenhydramine has an atropine-like action which 
should be considered when prescribing diphenhydramine 
hydrochloride. Use with caution in patients with a history 
of asthma. 

ADVERSE REACTIONS: The following side effects may 
occur in patients receiving diphenhydramine hydrochlo- 
ride: drowsiness; confusion; nervousness; restlessness; 
nausea; vomiting; diarrhea; blurring of vision; diplopia; 
difficulty in urination; constipation; tightness of the chest 
and wheezing; thickening of bronchial secretions; dryness 
of mouth, nose, and throat; tingling, heaviness, weakness 
of hands; nasal stuffiness; vertigo; palpitation; headache; 
insomnia; urticaria; drug rash; photosensitivity; hemo- 
lytic anemia; hypotension; epigastric distress; anaphylac- 
tic shock. 

DOSAGE AND ADMINISTRATION: Benadryl in the inject- 
able form is indicated when the oral form is impractical. 
CHILDREN: 5 mg/kg) 24 hr. or 150 mg/m?/ 24 hr. Maximum 
daily dosage is 300 mg. Divide into four doses, adminis- 
tered intravenously or deeply intramuscularly. 

ADULTS: 10 to 50 mg. intravenously or deeply intramuscu- 
larly; 100 ma. if required; maximum daily dosage is 400 mg. 

The basis for determining the most effective dosage 

regimen will be the response of the patient to medication 
and the condition under treatment. 
HOW SUPPLIED: Benadry! for parenteral use is available 
as: A sterile solution containing 10 mg. diphenhydramine 
hydrochloride in each milliliter of solution with 1:10,000 
benzethonium chloride as a germicidal agent. Supplied in 
10-ml. and 30-ml. Steri-Vials (rubber-diaphragm-capped 
vials). 

A sterile solution containing 50 mg. diphenhydramine 
hydrochloride in each milliliter of solution with 1:10,000 
benzethonium chloride as a germicidal agent and q.s. 
sodium hydroxide or hydrochloric acid to adjust pH. Sup- 
plied in 10-m.. Steri-Vials. 

A sterile solution containing 50 mg. diphenhydramine 
hydrochloride in a 1-milliliter disposable syringe. The pH of 
the solution may have been adjusted with either sodium 
hydroxide or hydrochloric acic. Supplied in packages of 10. 

Sterile solution for parenteral use containing 50 mg. di- 
phenhydramine hydrochloride in a 1-ml. ampoule. Sup- 
plied in boxes of 10. 


PARKE-DAVIS 


PA 639 






efights skin infections 
due to susceptible 
organisms 

«rarely sensitizes 


~ POLYSPORIN OINTMENT 


| . s 2 Each gram contains: Aerosporin? brand 
(polymyxin B-bacitracin) Polymyxin B Sulfate 10,000 units; Zinc Bacitracin 


500 units, in special white petrolatum q.s. 


For minor burns, cuts, infections. Topical antibacterial action 
against a wide range of susceptible organisms. Rare 
chance of sensitization. Especially for patients with 


possible sensitivity to other topical antibiotics. 







Available in 1- and V2-oz. tubes. 


Contraindications: This product is contraindicated in those 
individuals who have shown hypersensitivity to any of its components. 


Caution: As with other antibiotic products, prolonged use may 
s , result in overgrowth of nonsusceptible organisms, including 
Te ü fungi. Appropriate measures should be taken if this occurs. 










Garequest trom 
sonal Services Dept. PML. 
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e CELA '' The endurance record for nonstop barbering is 72 hours, 
14 t f set by Guy A. Mudd of Kirkwood, Missouri, who 

) performed 313 haircuts in this time in Dec. 1969. (Source: 
Guinness Book of World Records, ©1971, Sterling Pub. Co., Inc., N. Y.) 


What do Guy A. Mudd 


and Ducon have in common? 
Endurance. 


= Double-blind Crossover studies in 114 Each teaspoonful (5 ml.) of 'Ducon' contains aluminum hydroxide, 


. i ; A 720 mg.; magnesium hydroxide, 350 mg.; and calcium carbonate, 
ulcer patients show 'DUCON' keeps gastric pH 375 mg. 


F = " T ] z Indications: for relief of symptoms associated with gastric hyper- 
above 3.5 nearly twice as long as the most acidity, e.g., in peptic ulcer and other conditions where adjunctive 


widely used liquid antacid, dose for dose. antacid therapy is indicata. 


Contraindications: renal insufficiency, phosphate depletion. 








That kind of endurance means your patients Adverse Reactions: occasional laxation, nausea and, rarely, 
constipation. Theoretically, hypophosphatemia, hypermagnesemia, 
may not have to take hypercalcemia, milk-alkali syndrome (with prolonged 


administration). 

Usual Adult Dosage: 2 to 3 teaspoonfuls between meals and at bedtime, 
or as needed (40 to 60 ml. daily}. Warning: Use in children under 

12 years of age is not recommended. 

For complete product information, see your SK&F Representative 

or contact SKAF 


SK 


SF Smith Kline & French Laboratories, Philadelphia, Pa. 19101 


'DUCON' as often as 

other antacids. 
Recommend ‘DUCON' to a 
few of your patients. See if 
you and they don't agree 
that ‘DUCON' is a lot more 
than just another antacid. 


Trademark 


ucon 
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*extended-action antacid 





Ou r “There should be a law against 
four-hour procedures...and patients who are 
World 60 pounds overweight...but her vital signs 
are steady, so she should be all right? 











Part of 
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before surgery 


calms rapidly; quickly readies patients for 
smooth induction of anesthesia 


gently allays anxiety to permit sound sleep 
the night before surgery 


physically compatible with most preanesthetic 
medications 


narcotic requirements are often reduced 
up to 50 per cent 


during surgery 


seldom impairs vital signs—respiratory 
depression and hypotension are rare 


not known to aggravate or 
obscure incipient shock 


does not cause CNS cortical depression 


after surgery 


effectively controls postoperative nausea 
and vomiting 


sedative hangover is not characteristic, although 
occasional drowsiness has been reported 


oral forms available for postoperative care, 
during recovery in hospital, and at home 





GED LABORATORIES DIVISION 
PFIZER INC . NEW YORK, N Y 10017 


Please turn page for Brief Summary including adverse 
reactions, contraindications and precautions. 





ISfaril 


HYDROXYZINE HCI 


Intramuscular Solution 





the most widely used 





BRIEF SUMMARY 
Contraindications: Hypersensitivity to hydroxyzine. The 
solution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially, or intravenously. 
Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit induced fetal abnormalities in 
the rat at doses substantially above the human thera- 
peutic range. Clinical data in human beings are in- 
adequate. Until adequate data are available to 
establish safety in early pregnancy, hydroxyzine is con- 
traindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION 
OF CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS 
NARCOTICS AND BARBITURATES. In conjunctive use, 
dosage for these drugs should be decreased as much 
as 50%. Because drowsiness may occur, patients should 
be cautioned against driving a car or operating dan- 
gerous machinery. The usual precautions for intramus- 
cular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has 
been used. Hydroxyzine intramuscular solution should 
be injected well within the body of a relatively large 
muscle. In adults, the preferred sites are the upper outer 
quadrant of the buttock (i.e., gluteus maximus), or the 
mid-lateral thigh. In children, prefercbly the mid-lateral 
muscle of the thigh. In infants and small children, the 
upper outer quadrant of the gluteal region should only 
be used when necessary, as in burn patients, in order 


parenteral calming agent 


to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well 
developed, such as in certain adults and older 
children, and only with caution to avoid radial nerve 
injury. Injections should nct be made in the lower and 
middle thirds of the upper arm. Aspiration is neces- 
sary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is 
usually transitory and may disappear in a few days of 
continued therapy or upon dosage reduction. Dryness 
of the mouth may occur with higher doses. Involuntary 
motor activity, including rare instances of tremor and 
convulsions, has been reported, usually with higher 
than recommended dosage. 
Supply: Vistaril (hydroxyzine pamoate) Capsules: 
Equivalent to 25 mg., 50 mg., 100 mg. hydroxyzine HCI. 
Vistaril (hydroxyzine pamoate) Oral Suspension: Equiv- 
alent to 25 mg. hydroxyzine HCI per 5 cc. teaspoonful. 
Vistaril (hydroxyzine HCl) Intramuscular Solution: 
25 mg./cc.—40 cc. vial; 50 mg./cc.—2 cc. and 10 cc. 
vial; Isoject* 25 and 50 mg. per cc., 1 cc. per unit; 100 
mg./2 cc. unit. 

More detailed professional information available on 





request. 


Revised January, 1970 


Pfizer) LABORATORIES DIVISION 
PFIZER INC.. NEW YORK, N Y. 10017 
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THE 

MULTI- 
DEPARTMENT 
MONITORS 


With today’s rising over- 
head costs, product versa- 
tility is of prime importance 
to hospital management. 
Burdick cardiac monitors 
have interdepartmental ver- 
satility that allows constant 
patient surveillance at the 
ICU; in the emergency, re- 
covery or operating rooms; 
and for EXECG procedures 
when needed— then moved 
to the next assignment. 
Added to this multi-depart- 
ment flexibility, Burdick 
monitors offer dependability 
and ease of operation. 
Both have 5-inch polarized 
screens, and are available 
with interchangeable pre- 
amplifiers for specific appli- 
cations. The CS/515 fea- 
tures an integral heart rate 
meter. 


For the complete story 
on multi-use cardiac moni- 
toring, see your Burdick 
dealer — or write The Bur- 
dick Corporation, Milton, 
Wisconsin 53563. 


BURDICK: 


CR er 
*. 


"Yn: 
Very 





A totally new 
approach te 
improved 
image quality. 


In our new KODAK X-OMATIC Products, you have —for 
first time — two new films and two new intensifying 
screens that combine to create three medical radio- 
graphic services. 

You also have new lightweight and durable casset 

and an innovative patient identification camera. 

They all help provide the improved image quality q 
detail you're looking for. 

Film and screen combinations are color-coded, as 
shown here, so that you can identify each medical 
radiographic service correctly. 


For General Radiography: KODAK X-OMATIC Regular 
Intensifying Screen with KODAK X-OMATIC G Film. 


For Radiography of Extremities: KODAK X-OMATIC Fing 
Intensifying Screen with KODAK X-OMATIC G Film. 


For High-Speed Radiography: KODAK X-OMATIC Regul 
Intensifying Screen with KODAK X-OMATIC H Film. 


The new cassettes have curved covers that roll out t 
air to give you total, uniform film/screen contact. Als 
a special latch that opens easily with one hand for 
quick film loading and unloading. 

The new identification camera records essential 
patient data on the radiograph in one second — faste 
than with lead figures. And it records the time of ex- 
posure clearly with a 24-hour time indicator which hg 
monitor patient flow and is ideal for examinations 
where sequential exposures are utilized. The camer 
operates in daylight at the exposure site to minimize 
errors and confusion. 

The new KODAK X-Omatic Products are designed fq 
90-second processing with KODAK X-OMAT Processors 
and Chemicals. 

For more information and demonstration, contact 
your Kodak Technical Sales Representative —or your 
x-ray products dealer. 

EASTMAN KODAK COMPANY 
Radiography Markets Division 
Rochester, N. Y. 
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Volume 1—GENERAL PRINCIPLES 
(Introductory, Trauma and Breast) 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 


304 Pages Illustrated 1968 $25.00 
Volume 2—THORAX, INCLUDING 

CARDIAC SURGERY 

W. P. Cleland, M.B., B.S., F.R.C.S. 

426 Pages Illustrated 1968 $31.00 
Volume 3—VASCULAR SURGERY 

Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 

276 Pages Illustrated 1968 $22.00 


Volumes 4 & 5—ABDOMEN, RECTUM, ANUS 
(2 volumes) 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 

Sir Clifford Naunton Morgan, M.S., F.R.C.S., 
F.R.C.O.G. 


838 Pages Illustrated 1969 $69.00 
Volume 6—HEAD AND NECK 
Maurice R. Ewing, F.R.C.S. 

254 Pages Illustrated 1969 $18.00 
Volume 7—PLASTIC SURGERY 
Richard Battle, M.B.E., M.Chir., F.R.C.S. 
231 Pages Illustrated 1969 $20.00 
Volumes 8 & 9—ORTHOPAEDICS 

Ronald Furlong, F.R.C.S. 
587 Pages Illustrated 1970 (U.S.) $45.00 
Volume 10—EYES, EAR, NOSE AND THROAT 


Sir Stewart Duke-Elder, K.C.V.O., Ph.D., LL.D., 
M.D., F.R.C.S., F.R.C.P., F.R.S. 
Maxwell Ellis, M.D., M.S., F.R.C.S. 


350 Pages Illustrated 1969 $26.00 
Volume 11—THE HAND 

R. Guy Pulvertaft, M.A., M.B., B.Ch., F.R.C.S. 

262 Pages Illustrated 1970 $26.00 


Volume 12—GENITO-URINARY SYSTEM 


J. D. Fergusson, M.A., M.D., F.R.C.S. 


J. P. Williams, M.Chir., F.R.C.S. 
400 Pages Illustrated 1971 $31.00 


Volume 13—GYNAECOLOGY 
AND OBSTETRICS 


D. W. T. Roberts, M.A., M.Chir., F.R.C.S., 
M.R.C.O.G. 


210 Pages Illustrated 1971 $18.00 
Volume 14—NEUROSURGERY 
Valentine Logue, F.R.C.S. 


320 Pages Illustrated 1971 $20.00 


Second Edition Now Complete! 


OPERATIVE SURGERY 


Under the General Editorship of Charles Rob, M.C., 
M.D., M.Chir., F.R.C.S., ana Rodney Smith, M.S., 
F.R.C.S. 


With the appearance of Volume 14, the tremen- 
dous task of revising this valuable set is now ac- 
complished. Welcomed in its first edition as an 
unsurpassed pictorial presentation of surgical tech- 
nics, OPERATIVE SURGERY has been updated for 
this new Second Edition by a distinguished team of 
surgeons and teachers. It abounds in new material 
—new chapters have been added; new develop- 
ments are described; new operations are included. 
All technics, operations and instruments were care- 
fully reviewed and brought into line with current 
practice. 


The number of volumes in the set has almost 


doubled. 


Each volume depicts procedures. step-by-step, with 
vivid illustrations plus brief text. The reader follows 
each operation as though he were in the operating 
room observing an outstanding surgeon. The basic 
format includes: Pre-Operative Notes: The Opera- 
tion (from incision to closure including drainage, 
alternative procedures, dangers); Special Post- 
Operative Care and Complications. 


[] Payment Enclosed 
[] Charge and Bill me 
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Hemorrhoids 


Mrs. S.R., 47, high school English teacher. A history of 
anorectal pain and burning of several years’ duration. On 
and off weight reducing diets, the insufficient bulk of which 
has aggravated a chronic constipation problem. 
oubsequent straining at stool has precipitated an acute 


episode of intemal-extemal hemorrhoids. 





Each suppository contains hydrocortisone 
acetate 10 mg. bismuth subgallate 2.2596, 
bismuth resorcin compound 1.75%, benzyl 
benzoate 1.2%, Peruvian balsam 1.8%, zinc 
oxide 11.0%, and boric acid 5.0%, plus the 
following inactive ingredients: bismuth 
subiodide, calcium phosphate, and color- 
ing in a bland hydrogenated vegetable 
oil base. 

Precaution Prolonged or excessive use of 


Anusol-HC might produce systemic cortico- 


steroid effects. Symptomatic relief should 
not delay definitive diagnosis or treatment 
Dosage and Administration Anusol-HC: 
One suppository in the morning and one at 
bedtime for 3 to 6 days or until the inflam- 
mation subsides. Regular Anusol: One 


suppository in the morning, one at bedtime, 


and one immediately following each 
evacuation. 


jatypical 


proctological 
patient 


to help relieve the pain, 
itching, burning 
associated with this 
and similar anorectal 
conditions 


prescribe 


nusol- 


‘hemorrhoidal 
suppositories 
with hydrocortisone 


acetate 


And for long-term 
patient comfort...recommend 


Anusol' hemorrhoidal 
suppositories. 

Each suppository contains 
the ingredients of 
Anusol-HC without the 
hydrocortisone. 


Warner-Chilcott 


Division, Warner-Lambert Company 
Morris Plains, New Jersey 07950 
ANGP-23 Rev. 





f SYNTHR RO OID | 


LIS THE 
?REDICTABLE 
ORMONE BECAUSE 
T LOVES PROTEIN. 


SYNTHROID® (sodium 
evothyroxine) is pure synthetic T,, 
he major circulating thyroid 
ormone. It is reliable to use 
»ecause of its affinity for protein- 
dinding sites in the blood. T, is 
nore fickle. Sometimes it binds. 
sometimes it doesn’t. T, more 
redictably binds to protein. 


TEST HYPOTHYROID 


P.B.I. Less than 4 mcg 96. 
Less than 3 mcg % 
Less than 25% 

Less than 11% 


T4 By Column 
Ts (Resin) 
Ts (Red Cell) 


Free Thyroxine Less than 0.7 


nanograms % 


Less than 2.9 
mcg % 


Murphy-Pattee 


ALL THYROID- 
FUNCTION TESTS ARE 
USEFUL IN 
MONITORING 
SYNTHROID THERAPY 


No calculations are needed, test 
interpretation is simple. 

Any of the commonly used T, 
thyroid function tests (P.B.I., T, By 
Column, Murphy-Pattee, Free 
Thyroxine) are useful in monitoring 
patients on T, because they all 
measure T,. Patients on 
SYNTHROID are thereby easy to 
monitor because their results will 
fall within predictable, elevated 
test ranges. Of course, Clinical 
assessment is the best criterion of 
the thyroid status of the drug- 
treated patient. 


SYNTHROID 
THERAPEUTIC 
NORMAL 


6-10 mcg % 
7-9 mcg % 
27-35% 
11.5-1896 


0.7-2.5 
nanograms 96 


4-11 mcg % 


TWO GOOD REASONS 
WHY THE ROAD TO 
NORMALIZED 
THYROID STATUS IS 
SO SMOOTH FOR THE 
SYNTHROID PATIENT. 


(1) The onset of action of T, is 
gradual. It has a long in vivo 
"half-life" of over six days. 
(Occasional missed doses or 
accidental double-doses are of le 
concern because of this factor)"; 
(2) since SYNTHROID contains or 
T4, the potential for metabolic 
surges traceable to more potent 
iodides (T,) is eliminated. 


AS WITH ANY 
THYROID 
PREPARATION, 
CAUTIOUS 
OBSERVATION OF THE 
PATIENT DURING THE 
BEGINNING OF 
THERAPY WILL ALER 
THE PHYSICIAN TO 
ANY UNTOWARD 
EFFECTS. 


Side effects, when they do occu 
are related to excessive dosage. 
Caution should be exercised in- 
administering the drug to patieréis 
with cardiovascular disease. Rea 
the accompanying prescribing 
information for additional data oi 
write Flint Laboratories. 


...to thyroid replacement therap 





IENTS CAN BE 
CCESSFULLY 
INTAINED ON A 
UG CONTAINING 
YROXINE ALONE. 


oxine (T,) is, as you know, 
major circulating hormone 
luced by the thyroid gland. 

; also produced, in smaller 
unts, and is active at the 

ilar level. For years it has been 
orking hypothesis among 
»crinologists that T, is 

rerted by the body to T,. In 

| this process, called 
odination," was demonstrated 


raverman, Ingbar, and Sterling?. 


oes convert to T,, though the 
ise quantities are still being 
ied. 

ie conversion has been 

cally demonstrated during the 
inistration of T, to athyrotic 
ints. Their thyroid status is 
ialized on SYNTHROID alone, 
ne presence of T, in these 
ints has been clearly shown. 


WHY DOES SYNTHROID 
COST LESS THAN 
SYNTHETIC DRUGS 
CONTAINING T;? 


Very simple. T, costs more to make 
synthetically than does T,. So it is 
economically necessary for a 
synthetic thyroid medication 
containing T, to cost more than 
one containing T, alone. Synthetic 
combinations cost patients nearly 
50% more than SYNTHROID? 
because the T, costs more to start 
with; also there is the additional 
expense of formulating a tablet 
containing two active ingredients. 


1. Latiolais, C. J., and Berry, C. C.: Misuse of 
Prescription Medications by Outpatients, 
Drug Intelligence & Clin. Pharm. 3:270-7 , 1969. 
2. Braverman, L. E., Ingbar, S. H., and 
Sterling, K.: Conversion of Thyroxine (T4) to 
Triiodothyronine (T3) in Athyreotic Human 
Subjects, J. Clin. Invest. 49:855-64, 1970. 


3. American Druggist BLUEBOOK, March, 1971. 


ynthroid 


FACTS ARE 
ZAR AND HERE 
OUR OFFER. 


TS: 
hetic thyroid drugs are an 
ovement over animal gland 
da sts. Patients, even athyrotic 
, can be completely 
tained on SYNTHROID (T,) 
2. Thyroid function tests are 
to interpret since they are 
ictably elevated when the 
int adheres to SYNTHROID. 
| synthetic thyroid drugs, 
THROID is the most 
omical to the patient. 


' UYVIUTAoUUIUHI ICVULITYFUATIHICJ IS 
cific replacement therapy for diminished or ab 
thyroid function resulting from primary or secon 
atrophy of the gland, congenital defect, surgery 
cessive radiation, or antithyroid drugs. Indication: 
SYNTHROID (sodium levothyroxine) Tahlets inc 
myxedema, hypothyroidism without myxedema, F 
thyroidism in pregnancy, pediatric and geriatric 
thyroidism, hypopituitary hypothyroidism, sir 
(nontoxic) goiter, and reproductive disorders 4 
ciated with hypothyroidism. SYNTHROID (sodium | 
thyroxine) for Injection is indicated for intravel 
use in myxedematous coma and other thyroid dysf 
tions where rapid replacement of the hormone i: 
quired. The injection is also indicated for intramusc 
use in cases where the oral route is suspect or 
traindicated due to existing conditions or to abs 
tion defects, and when a rapid onset of effect is 
desired. 

Precautions: As with other thyroid preparations 
overdosage may cause diarrhea or cramps, ner 
ness, tremors, tachycardia, vomiting and contir 
weight loss. These effects may begin after four or 
days or may not become apparent for one to tl 
weeks. Patients receiving the drug should be obse 
closely for signs of thyrotoxicosis. If indication 
overdosage appear, discontinue medication for 
days, then resume at a lower dosage level. In pati 
with diabetes mellitus, careful observations shoul 
made for changes in insulin or other antidiabetic 
dosage requirements. If hypothyroidism is acc 
panied by adrenal insufficiency, as Addison's Dist 
(chronic subcortical insufficiency), Simmonds's 
ease (panhypopituitarism) or Cushing's syndrome 
peradrenalism), these dysfunctions must be correi 
prior to and during SYNTHROID (sodium levothyrox 
administration. The drug should be administered 
caution to patients with cardiovascular disease; de 
opment of chest pains or other aggravations of car 
vascular disease requires a reduction in dosage. 
Contraindications: Thyrotoxicosis, acute myocar 
infarction. Side effects: The effects of SYNTHR 
(sodium levothyroxine) therapy are slow in being m 
fested. Side effects, when they do occur, are secon 
to increased rates of body metabolism; sweating, hi 
palpitations with or without pain, leg cramps, 
weight loss. Diarrhea, vomiting, and nervousness I 
also been observed. Myxedematous patients with hi 
disease have died from abrupt increases in dosag 
thyroid drugs. Careful observation of the patient du 
the beginning of any thyroid therapy will alert 
physician to any untoward effects. 

In most cases with side effects, a reduction of « 
age followed by a more gradual adjustment upv 
will result in a more accurate indication of the 
tient's dosage requirements without the appeara 
of side effects. 

Dosage and Administration: The activity of a 0.1 
SYNTHROID (sodium levothyroxine) TABLET is equ 
lent to approximately one grain thyroid, U.S.P. Adn 
ister SYNTHROID tablets as a single daily da 
preferably after breakfast. In hypothyroidism with 
myxedema, the usual initial adult dose is 0.1 mg. da 
and may be increased by 0.1 mg. every 30 days u 
proper metabolic balance is attained. Clinical eval 
tion should be made monthly and PBI measureme 
about every 90 days. Final maintenance dosage ' 
usually range from 0.2-0.4 mg. daily. In adult m 
edema, starting dose should be 0.025 mg. daily. ` 
dose may be increased to 0.05 mg. after two we 
and to 0.1 mg. at the end of a second two weeks. ` 
daily dose may be further increased at two-month 
tervals by 0.1 mg. until the optimum maintenance d 
is reached (0.1-1.0 mg. daily). 

Supplied: Tablets: 0.025 mg., 0.05 mg., 0.1 mg., 0 
mg., 0.2 mg., 0.3 mg., 0.5 mg., scored and color-cod 
in bottles of 100, 500, and 1000. Injection: 500 m 
lyophilized active ingredient and 10 mg. of Manni’ 
N.F., in 10 ml. single-dose vial, with 5 ml. vial of 
dium Chloride Injection, U.S.P., as a dilue 
SYNTHROID (sodium levothyroxine) for Injection n 
be administered intravenously utilizing 200-400 m 
of a solution containing 100 mcg. per ml. If significi 
improvement is not shown the following day, a rep: 
injection of 100-200 mcg. may be given. 


DIVISION OF TRAVENOL LABORATORIES. INC 
Morton Grove, Illinois 60053 


SK FUNT LABORATORIES 





three books essential’ 
A CORE TEXTBOOK OF SURGERY 


Edited by Richard H. Egdahl, M.D., John A. Mannick, M.D., and 
Lester F. Williams, Jr., M.D. 


This unconventional, comprehensive, and extremely up-to-date textbook 
unifies both the new priorities of medical education and the latest knowledge 
in surgery. 

Reflecting the new focus of attention on problem solving, emphasis has 
been placed on the role of surgeons and surgery in the care of critically ill 
patients, rather than on operations and technic. 

Each chapter is the work of an experienced surgeon with a special interest 
in the topic, and is followed by an annotated bibliography of pertinent articles. 
Compact, concise, and written in eminently readable English, this book will 
be invaluable for students, surgical house officers, nurses, physicians’ at- 
tendants, and other allied health personnel. 480 pp., illustrated, paper: $8.75; 
cloth: $13.50 


ARTIFICIAL ORGANS 
AND CARDIOPULMONARY 
SUPPORT SYSTEMS 


Edited by Felix T. Rapaport, M.D. and John P. Merrill, M.D. 


Reprinted from Transplantation Proceedings 


The artificial kidney, cardio-pulmonary support systems, alimentary and 
metabolic life support techniques, and recent progress in closely related fields 
are the substance of these proceedings of a symposium. Discussion includes 
the evaluation of present devices available, whether they should be used as 
adjuncts or substitutes for transplantation, and the direction and yield of 
future progress. 200 pp., illustrated, $15.00 


PLASTIC AND 
RECONSTRUCTIVE SURGERY 
OF THE FACE AND NECK 


Proceedings of the First International Symposium * Volume l: Aesthetic Surgery 

e Volume II: Rehabilitative Surgery * Edited by John Conley and John T. Dickinson 
An up-to-date cross section of ongoing work in the surgical aspects of the 

field, this excellent collection of papers focuses on fundamentals, broad cov- 6 

erage, aesthetic details, interdisciplinary responsibilities, new ideas, and 


personal experience. Volume I, 264 pp., 365 illus., $25.00. Volume II, 392 pp., 
470 illus., $33.00. Special price for both volumes: $54.00 


*for your library 
Grune & Stratton 


111 Fifth Avenue, New York, N.Y. 10003 
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an antacid 
in good taste 


magnesium and aluminum 
l carbonate, Camalox Tablets 


= ical vitro tests. They kakae more acid, act 
odio and last longer. Non-constipating, Camalox 
Tablets are designed for long-term eund and for 


amalo: 


VANILLA-MINT 


quick relief during peak distress Deriadà of han 
acidity. - 


Taste Camalox Tablets—a flavorful w way to deliver a 
high level of antacid activity. 


COMPOSITION: Balanced formulation of magnesium and aluminum 
hydroxides with calcium carbonate. 


INDICATIONS: As an antacid in the treatment and management of 
peptic ulcer, gastritis, gastric hyperacidity, hiatal hernia, peptic 
esophagitis, heartburn, indigestion and upset stomach. 


. WARNING: Camalox should not be used in patients who are severely 


debilitated or suffering from kidney failure. 


. SUPPLIED: Camalox Tablets—bottles of 50 tablets and boxes of 100 


tablets (in foil strips). 
Camalox Suspension —white liquid in 16 oz. (pint) bottle. 


TM 


TABLETS 


for the acute distress of hyperacidity 


WILLIAM H. RORER, INC. Fort Washington, Pa. 19034 





"Clean-wound 
insurance. 


Skin Graft Donor Site after Two Weeks Treatment with... 





Fl IRACIN GAU/ZE— 
completely 
epithelized 


PETROLATUM GAUZE— 
stil! large 
granulation tissue 


The efficacy of Furacin (nitrofurazone) in combating secondary 
infection was clearly demonstrated in a study of 50 donor sites! Half of 
each site was dressed with Furacin-impregnated fine mesh gauze, the 
other half with fine mesh petrolatum gauze. 


After two weeks, the average percentage of epithelization was 90.2% 
for the Furacin-dressed areas, while only 80.3% for the areas dressed 
with the petrolatum gauze. There was no evidence of interference with 
epithelization, nor was there any sensitization. 


Furacin (nitrofurazone) 
controls infection...encourages 
faster healing of wounds. 
Furacin does more than just 
cover a wound- it actually 
helps the healing process by 
preventing most surface 
bacterial infections. Furacin 
penetrates throughout the 
lesion to effectively destroy most 
bacteria commonly causing 
surface infections. Yet it is gentle 
to healing tissue. 

Furacin is effective against a 
wide range of gram-negative 
and gram-positive organisms— 


Furacin 


ritrofurezone 


antibacterial dressing 


& Originators and Developers of The Nitrofurans 
EATON LABORATORIES 
Division of The Norwich Pharmacal Company 


NORWICH, NEW YORK 13815 


it is not bound, inactivated, or 
destroyed by blood or 

serous exudate. And since 

all forms of Furacin are 

used only topically, they never 
interfere with systemic medli- 
cation. 

Furacin helos keep surgical 
sites infection-free...to help 
ihe healing process. That's why 
we say, Furacin does more 
than just cover a wound. 

For more information, or 
samples for 
your evaluation, 
write or call 
your Eaton 
representative. 






























FORMULA: Contains Furacin 
(nitrofurazone) 0.2% in Solu- 
base* (a water-soluble base of 
polyethylene glycols 4000, 
1000 and 300) , 


SENSITIZATION: Sensiti- 
zation to Furacin is rarely seen 

in burns and surgical practice, 

the reported incidence not ex- 

ceeding 0.5%. The reported 
overall incidence of sensitiza- ` 
tion is low, about 1.1%, includ- 
ing those reactions which 
occur when treating chronic 
stasis ulcers, notoriously sen- 
sitive to many agents. In these 
cases, sensitization is mifi- 
mized by protecting surround- 
ing intact skin with a bland 
ointment. To minimize any ad- 
verse effect restrict applica- 
tion where possible to 5 to 7 
days, and remove medication 
by irrigation at first sign of irri- 
tation. Furacin (nitrofurazone} 
does not replace surgical prô- 
cedures when these are indi- 
cated, however it is a useful 
adjunct ; 





1. JEFFORDS JV, HAGERTY RF: The healing of 
donor sites. Ann Surg 145: 169, 1957. 
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HeAmine 


amino acid mixture 


Parenteral Hyperalimentation Kit 


A concentrated source of 8 essential and 7 nonessential 
pure crystalline amino acids with a formula based on 
Rose's recommended daily allowances of essential 
amino acids, and the hen's egg, the World Health 
Organization's protein standard. 


FREAMINE® 
Parenteral Hyperalimentation Kit: C 
500 ml of 8.5% FreAmine, 500 ml— McGAW LABORATORIES 


50% Dextrose in Distilled Water; Division of American Hospital 
Transfer Set; Additive Cap; Pressure Supply Corporation 
Sensitive Label; Directions for Use Glendale, California. 

and Mixing. Milledgeville, Georgia. 


























I llustrated Manual 
of Laboratory Diagnosis 





J. B. LIPPINCOTT COMPANY 


East Washington Square, Phila., Pa. 19105 


Please send me: 


Illustrated Manual of 
Laboratory Diagnosis ......... $22.50 


| ] Payment Enclosed [] Charge and Bill me 


Indications and Interpretations 
By R. Douglas Collins, M.D. 


Oriented toward the clinician, this book 
graphically depicts the clinical interpre- 
tation of laboratory tests. With emphasis 
on simplicity and practicality, 195 full- 
color plates are utilized to portray nor- 
mal and abnormal physiological condi- 
tions in some 20 categories of disorders. 
Laboratory tests are also helpfully in- 
dexed according to leading symptoms 
and suspected diseases. 


«€ 


Name 


Address || —————————— 





Zip 


-———-------2------4 


. comprehensive, informative, and AS 5/72 
colorful.”—Archives of Internal Medi- 


cine. 
300 Pages * 206 Illus., 195 in Color * 1968 * $22.50 
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Additionally Injectable Valium (diazepam) can 


ectableValium benefits 
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Injectable Valium (diazepam) is a useful 
premedicant for reducing undue anxiety. 
Recall of preoperative procedures is markedly 
diminished. When given in conjunction with 
narcotics, a reduction of narcotic dosage 
should be considered. (See prescribing infor- 
mation.) Injectable Valium should not be 
mixed with other drugs, solutions, or fluids. 
The new 10-mg disposable syringe can help 
you observe this precaution at the same time 
it helps assure aseptic handling. Injectable 
Valium seldom significantly alters vital signs. 
Nevertheless, there have been infrequent 
reports of hypotension and rare reports of 
apnea and cardiac arrest, usually following 
I.V. administration. Resuscitative facilities 
should be available. 

To relieve excessive preoperative anxiety, 
remember Injectable Valium (5 mg/ml) 2-ml 
ampuls, 10-ml vials, 2-m] Tel-E-Ject'" (dispos- 
able syringes). 


diminish recall of the preoperative procedure. 


every step of the way. 


Please see the following page for a summary of product information. 


InjectableValium (diazepam) 


ready-to-use 2-ml Tel-EJect (disposable syringes) 
io-ml vials | (5 mg/ml) 


2-ml ampuls 


Can ease undue preoperative tension and anxiety. 
Calming effect is usually prompt and pronounced. 
Induces satisfactory or light sleep, from which patient is easily aroused to follow instructions. 
Rarely produces significant changes in vital signs. 
Markedly reduces recall of procedure. 


Before prescribing, please 
consult complete product infor- 
mation, a summary of which 
follows: 

Indications: Tension and anx- 
iety states; somatic complaints 
which are concomitants of emo- 
tional factors; psychoneurotic 
states manifested by tension, 
anxiety, apprehension, fatigue, 
depressive symptoms or agita- 
tion; symptomatic relief of acute 
agitation, tremor, delirium 
tremens and hallucinosis due 
to acute alcohol withdrawal; 
adjunctively in: relief of skeletal 
muscle spasm due to reflex 
spasm to local pathology; spas- 
ticity caused by upper motor 
neuron disorders; athetosis; 
stiff-man syndrome; tetanus; 
status epilepticus and severe 
recurrent seizures; anxiety 
prior to gastroscopy, esopha- 
goscopy, and surgical proce- 
dures; cardioversion (I.V.) 

Contraindicated: In infants; 
in patients with known hyper- 
sensitivity to the drug; in acute 
narrow angle glaucoma; may be 
used in patients with open angle 
glaucoma receiving appropriate 
therapy. 

Warning: Inject I.V. slowly, 
directly into vein; take at least 
one minute for each 5 mg (1 ml) 
given. Do not mix or dilute with 
other solutions or drugs. Do not 
add to I.V. fluids. Rare reports 
of apnea or cardiac arrest noted, 
usually following I.V. adminis- 
tration, especially in elderly 
or very ill and those with limited 
pulmonary reserve; duration 
is brief; resuscitative facili- 
ties should be available. Not 
recommended as sole treatment 
for psychotic or severely de- 
pressed patients. Should not 
be administered to patients in 
shock, coma, acute alcoholic 
intoxication with depression 
of vital signs. Caution against 
hazardous occupations requir- 
ing complete mental alertness. 
Advise against simultaneous 
ingestion of alcohol and other 
CNS depressants. Withdrawal 
symptoms (similar to those 
with barbiturates and alcohol) 
have occurred following abrupt 


discontinuance (convulsions, 
tremor, abdominal and muscle 
cramps, vomiting and sweating). 
Keep addiction-prone indi- 
viduals under careful surveil- 
lance because of their 
predisposition to habituation 
and dependence. In pregnancy, 
lactation, or women of childbear 
ing age, weigh potential benefit 
against possible hazard to 
mother and child. 

Precautions: If combined 
with other psychotropics or 
anticonvulsants, carefully 
consider individual pharma- 
cologic effects — particularly 
with known compounds which 
may potentiate action of 
Valium, such as phenothiazines, 
narcotics, barbiturates, MAO 
inhibitors and other anti- 
depressants. Usual precautions 
indicated in patients severely 
depressed, or with latent de- 
pression, or with suicidal tend- 
encies. Observe usual 
precautions in impaired renal 
or hepatic function. Not recom- 
mended for bronchoscopy, 
laryngoscopy, obstetrical use, 
or in diagnostic procedures 
other than gastroscopy and 
esophagoscopy. Laryngospasm 
and increased cough refiex are 
possible during gastroscopy; 
necessary countermeasures 
should be available. Hypoten- 
sion or muscular weakness pos- 
sible, particularly when used 
with narcotics, barbiturates 
or alcohol. Since effect with 
narcotics may be additive, 
appropriate reduction in nar- 
cotic dosage is possible. Use 
lower doses (2 to 5 mg) for 
elderly and debilitated. Safety 
and efficacy in children under 
12 not established. 

Side Effects: Drowsiness, 
fatigue, ataxia, confusion, 
depression, constipation, 
dysarthria, diplopia, headache, 
hypoactivity, hiccups, hypoten- 
sion, incontinence, jaundice, 
nausea, changes in libido, 
changes in salivation, phlebitis 
at injection site, urinary reten- 
tion, skin rash, syncope, slurred 
speech, urticaria, tremor, 
vertigo, blurred vision. Para- 


doxical reactions such as acute 
hyperexcited states, anxiety, 
hallucinations, increased muscle 
spasticity, insomnia, rage, sleep 
disturbances and stimulation 
have been reported; should 
these occur, use of the drug 
should be discontinued. Isolated 
reports of neutropenia, jaundice; 
periodic blood counts and liver 
function tests advisable during 
long-term therapy. Minor EEG 
changes, usually low-voltage 
fast activity, of no known 
significance. 

Dosage: Usual initial adult 
dose is 2 to 10 mg I.M. or I.V., 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) 
with slow dosage increase for 
elderly or debilitated patients 
and when sedative drugs are 
added. (See Precautions and 
Adverse Reactions.) In gastros- 
copy and esophagoscopy, 5 to 
10 mg, I.M. or I.V., 30 min. prior 
to procedure. As preoperative 
medication, 10 mg, I.M., 1 to 
2 hours before surgery. In 
cardioversion, 5 to 15 mg, I.V., 
within 5 to 10 min. prior to 
procedure. Give I.V. injections 
slowly; take at least 1 minute 
for each 5 mg (1 ml). 

In acute conditions injection 
may be repeated within 1 hour, 
although interval of 3 to 4 hours 
is usually satisfactory; not more 
than 30 mg should be given 
within 8-hour period. Once acute 
symptomatology has been prop- 
erly controlled with injectable 
form, patient may be placed on 
oral form if further treatment 
is required. 

Supplied: Valium*(diazepam) 
Ampuls, 2 ml, boxes of 10; Vials, 
10 ml, boxes of 1; Tel- E-Ject'" 
(disposable syringes), 2 ml, boxes 
of 10. Each ml contains 5 mg 
diazepam, compounded with 40% 
propylene glycol, 10% ethyl alco- 
hol, 5% sodium benzoate and 
benzoic acid as buffers, and 1.5% 
benzyl alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 





ome things are naturally stimulating 


Metamucil] ^ 


mes nape mal 


É 4 

TURAL 
VEGETABLE 

LEIN MENT AB 
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A lazy colon sometimes 
needs a little stimulating. 
But, colons are inclined to 
be sensitive. They offend 
easily and become irritable 
when given rough 
treatment. So, they have 
to be treated gently. 

Metamucil’ is gentle, and 
coaxing. The way nature 
intended. Metamucil 
provides natural bulk for 
gentle peristaltic 
stimulation. 

Metamucil... a natural. 


SEARLE 
G. D. Searle & Co.. 





USUAL ADULT DOSAGE: 


One rounded teaspoonful of 
Metamucil powder, one to three 
times daily, in a glass of cool 
liquid, or one packet of Instant 
Mix Metamucil, one to three 
times daily, in a glass of cool 
water. An additional glass of 
liquid is helpful. 


Metamucil powder combines 
equal amounts of refined, 
purified psyllium and dextrose: 
each dose contains 14 calories 
as carbohydrate and anegligible 
amount of sodium. It is available 
in containers of 7 and 

14 ounces. 


Instant Mix Metamucil contains 
3 calories as carbohydrate 
and 0.25 Gm. of sodium in 
each dose. It is available in 


P. O. Box 5110, Chicago, Illinois 60680 Cartons of 16 and 30 single- 


Research in the Service of Medicine 


dose packets. 
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Confirms the value of Talwin’ 
in the hospital 


analgesic efficacy comparable to meperidine and 
morphine with a minimum of significant adverse 
effects 


In postoperative patients: less circulatory depression 
with Talwin 


In a double-blind study of 342 postop patients, 
circulatory depression occurred in 13.2% of 174 
patients receiving morphine; in 5.4% of 168 
patients receiving Talwin.' 


...and in other patients: less respiratory and 
circulatory depression with Talwin 


In a double-blind study of 3 narcotic analgesics and 
Talwin in 118* patients with suspected acute 
myocardial infarction, Talwin caused a significantly 
lower incidence'in the fall of systolic blood pressure 
than the 3 narcotics when the initial pressure was 
120 mm. Hg or higher. Unlike the narcotics, Talwin 
caused a statistically significant rise in the systolic 
blood pressure of patients with initial pressures 
of less than 120. ? | 

In a study of a series of patients given Talwin or 
meperidine while anesthetized for surgery, the 
investigators concluded: “It would therefore appear 
that pentazocine is a much safer drug in respect of 
respiratory depression than pethidine [meperidine], 
particularly when repeated injections are to be given, 
e.g., postoperatively or in obstetric practice." 3 


...and less of other adverse effects associated 
with narcotic analgesics 


Compared to morphine, Talwin is relatively free fro 
urinary retention and constipation. 

Is less likely to cause nausea, vomiting and 
diaphoresis than meperidine. 


See next page for a complete discussion of adverse 
reactions and a brief summary of other Prescribing 
Information. 


available in 3 dosage strengths — all within the 
range of recommended dosage 

Talwin is available in 30 mg., 45 mg., and 60 mg. 
strengths to provide analgesia specific to 
patients’ needs throughout the course of therapy. 
Most studies indicate that the higher dosage 
strengths produce little, if any, increase in the 
incidence of adverse reactions. 


References: 1. Wallace, George: Int. Surg. 53:135, Feb. 
1970. 2. Scott, M. E. and Orr, Rosemary: Lancet 1:1065, 


May 31, 1969. 3. Davie, |. et al.: Brit. J. Anaesth. 42:113, 
Feb. 1970. 


*Other drugs studied: diamorphine and methadone. 
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T iwin BE bulwark against 
à '! moderate 


ntazocine å to severe pain 


(aa lactate) 
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Injectable Talwin® 
Brand of pentazocine (as lactate) 


e tolerance to analgesic efficacy has not 
been observed 
* not subject to narcotic controls 


Contraindications: Talwin should not be 
administered to patients who are hyper- 
sensitive to it. 

Warnings: Head Injury and Increased In- 
tracranial Pressure. The respiratory de- 
pressant effects of Talwin and its potential 
for elevating cerebrospinal fluid pressure 
may be markedly exaggerated in the pres- 
ence of head injury, other intracranial 
lesions, or a preexisting increase in in- 
tracranial pressure. Furthermore, Talwin 
can produce effects which may obscure 
the clinical course of patients with head 
injuries. In such patients, Talwin must be 
used with extreme caution and only if its 
use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin 
during pregnancy (other than labor) has 
not been established. Animal reproduc- 
tion studies have not demonstrated tera- 
togenic or embryotoxic effects. However, 
Talwin should be administered to preg- 
nant patients (other than labor) only when, 
in the judgment of the physician, the po- 
tential benefits outweigh the possible haz- 
ards. Patients receiving Talwin during 
labor have experienced no adverse effects 
other than those that occur with commonly 
used analgesics. Talwin should be used 
with caution in women delivering prema- 
ture infants. 

Drug Dependence. Special care should be 
exercised in prescribing pentazocine for 
emotionally unstable patients and for 
those with a history of drug misuse. Such 
patients should be closely supervised 
when long-term therapy is contemplated. 
There have been instances of psychologi- 
cal and physical dependence on Talwin in 
patients with such a history and, rarely, 
in patients without such a history. Abrupt 
discontinuance following the extended use 
of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated 
temperature, rhinorrhea, restlessness, anx- 
iety, and lacrimation. Even when these 
occurred, discontinuance has been ac- 
complished with minimal difficulty. In the 
rare patient in whom more than minor dif- 
ficulty has been encountered, reinstitution 
of parenteral Talwin with gradual with- 
drawal has ameliorated the patient's symp- 
toms. Substituting methadone or other 
narcotics for Talwin in the treatment of 
the Talwin abstinence syndrome should be 
avoided, 

In prescribing parenteral Talwin for 
chronic use, particularly if the drug is to 
be self-administered, the physician should 
take precautions to avoid increases in 
dose and frequency of injection by the 
patient and to prevent the use of the 
drug in anticipation of pain rather than for 
the relief of pain. 

Just as with all medication, the oral form 
of Talwin is preferable for chronic admin- 
istration. 

Acute CNS Manifestations. Patients re- 
ceiving therapeutic doses of Talwin have 
experienced, in rare instances, hallucina- 
tions (usually visual), disorientation, and 
confusion which have cleared spontane- 
ously within a period of hours. The mech- 
anism of this reaction is not known. Such 
patients should be very closely observed 
and vital signs checked. If the drug is 
reinstituted, it should be done with caution 
since the acute CNS manifestations may 
recur, 

Usage in Children. Because clinical ex- 


the recovery room: 


i] a 
ultimate test tor] UWE 
Bra 


pentazocin 
in the hospital 


perience in children under twelve years of 
age is limited, the use of Talwin in this age 
group is not recommended. 

Ambulatory Patients. Since sedation, diz- 
ziness, and occasional euphoria have 
been noted, ambulatory patients should be 
warned not to operate machinery, drive 
Cars, or unnecessarily expose themselves 
to hazards. 

Precautions: Certain Respiratory Condi- 
tions. The possibility that Talwin may 
Cause respiratory depression should be 
considered in treatment of patients with 
bronchial asthma. Talwin should be ad- 
ministered only with caution and in low 
dosage to patients with respiratory depres- 
sion (e.g., from other medication, uremia, 
Or severe infection), obstructive respira- 
tory conditions, or cyanosis. 

Impaired Renal or Hepatic Function. Al- 
though laboratory tests have not indicated 
that Talwin causes or increases renal or 
hepatic impairment, the drug should be 
administered with caution to patients with 
such impairment. Extensive liver disease 
appears to predispose to greater side ef- 
fects (e.g., marked apprehension, anxi- 
ety, dizziness, sleepiness) from the usual 
clinical dose, and may be the result of 
decreased metabolism of the drug by the 
liver. 

Myocardial Infarction. As with all drugs, 
Talwin should be used with caution in 
patients with myocardial infarction who 
have nausea or vomiting. 

Biliary Surgery. Until further experience 
is gained with the effects of Talwin on 
the sphincter of Oddi, the drug should be 
used with caution in patients about to 
undergo surgery of the biliary tract. 
Patients Receiving Narcotics. Talwin is a 
mild narcotic antagonist. Some patients 
previously receiving narcotics have ex- 
perienced mild withdrawal symptoms after 
receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone 
to seizures; seizures have occurred in a 


few such patients in association with the’ 


use of Talwin although no cause and ef- 
fect relationship has been established. 
Adverse Reactions: The most commonly 
occurring reactions are: nausea. dizziness 
or lightheadedness, vomiting, euphoria. 
Infrequently occurring reactions are— 
respiratory: respiratory depression, dysp- 
nea, transient apnea in a small number of 
newborn infants whose mothers received 
Talwin during labor; cardiovascular: cir- 
culatory depression, shock, hypertension: 
CNS effects: sedation, alteration of mood 
(nervousness, apprehension, depression, 
floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic in- 
cluding local: diaphoresis, sting on injec- 
tion, flushed skin including plethora, 
dermatitis including pruritus; cther: uri- 
nary retention, headache, paresthesia, al- 
terations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include — neuro- 
muscular and psychiatric: muscle tremor, 
insomnia, disorientation, hallucinations: 
gastrointestinal: taste alteration, diarrhea 
and cramps; ophthalmic: blurred vision, 
nystagmus, diplopia, miosis; 
other: tachycardia, nodules 
and ulceration at injection 
site, weakness or faintness, 
chills, moderate transient 
eosinophilia, allergic reac- 
tions including edema of the 
face. 

See Acute CNS Manifesta- 
tions and Drug Dependence 
under WARNINGS, 


(as lactate) 


Dosage and Administration: Adults, Ex- 
cluding Patients in Labor. The recom- 
mended single parenteral dose is 30 mg. 
by intramuscular, subcutaneous, or intra- 
venous route. This may be repeated every 
3 to 4 hours. Doses in excess of 30 mg. 
intravenously or 60 mg. intramuscularly 
or subcutaneously are not recommended. 
Total daily dosage should not exceed 360 
mg. As with most parenteral drugs, when 
frequent daily injections are needed over 
a prolonged period, intramuscular admin- 
istration is preferable to subcutaneous. In 
addition, constant rotation of injection 
sites (e.g., the upper outer quadrants of 
the buttocks, mid-lateral aspects of the 
thighs, and the deltoid areas) is recom- 
mended. 

Patients in Labor. A single, intramuscular 
30 mg. dose has been most commonly ad- 
ministered. An intravenous 20 mg. dose has 
given adequate pain relief to some pa- 
tients in labor when contractions become 
regular, and this dose may be given two 
or three times at two- to three-hour inter- 
vals, as needed. 

Children Under 12 Years of Age. Since 
clinical experience in children under 
twelve years of age is limited, the use of 
Talwin in this age group is not recom- 
mended, 

CAUTION. Talwin should not be mixed in 
the same syringe with soluble barbitu- 
rates because precipitation will occur. 
Overdosage: Manifestations. Clinical ex- 
perience with Talwin overdosage has been 
insufficient to define the signs of this con- 
dition. 

Treatment. Oxygen, intravenous fluids, 
vasopressors, and other supportive meas- 
ures should be employed as indicated. 
Assisted or controlled ventilation should 
also be considered. Although nalorphine 
and levallorphan are not effective anti- 
dotes for respiratory depression due to 
overdosage or unusual sensitivity to 
Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is a 


‘Specific and effective antagonist. If nalox- 


one is not available, parenteral adminis- 
tration of the analeptic, methylphenidate 
(Ritalin®), may be of value if respiratory 
depression occurs. 

Talwin is not subject to narcotic controls. 
How Supplied: Ampuls of 1 ml. (30 mg.), 
T1!» ml. (45 mg.), and 2 ml. (60 mg.), each 
1 ml. containing Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for 
injection. Boxes of 10, 25, and 100. 
Multiple dose vials of 10 ml., each 1 ml. 
containing Talwin (brand of pentazocine) 
as lactate equivalent to 30 mg. base, 2 
mg. acetone sodium bisulfite, 1.5 mg. so- 
dium chloride, and 1 mg. methylparaben 
as preservative, in water for injection. 
Boxes of 1. 

The pH of Talwin solutions is adjusted 
between 4 and 5 with lactic acid and so- 
dium hydroxide. 
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Manufactured to the ~~ of Denton A. 
Cooley, M.D., of the Texas Heart Institute, the new 
Cooley-Graft features these distinct advantages: 






* Surgically Evaluated 


:: Controls Blood Loss ::. Consistent Quality 

:« Scientifically Designed 5z Doesn't Ravel or Fray Biologically Compatible 
s< Proper Porosity & Flexibility >- Easy to Suture `£ Complete Range of Sizes 
3: 10096 Dacron® Polyester ` Superior Performance x: Low Cost 


`x Preclotting Recommended but not Necessary 


Knitted Cooley-Grafts are available in a full range of sizes for 
thoracic, abdominal and peripheral implantation. Woven Cooley- 
^ . Graft tubes are the superior grafts for the heparinized patient. 
Write Meadox Medicals for a free sample of the Cooley-Graft. 
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6 Raritan Road, Oakland, N.J.07436 (201) 337-6126 
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he s surgery ris imperative d de- 
e uncontrolled - infection *—a 
tion that complicates the al- 

erious surgical picture. In 
‘circumstances, Keflin I.V. 
nay provide definitive anti- 
therapy—and at the point at 
s. Keflin I.V. has been used 
sfully throughout the sur- 
d core sive period. 
of indications 
organisms against which Keflin 
e n found to be effective, please 
prescribing information, a 
= wh appears below. F 


T ption: Keflin® (soakie. Sap 
; Lilly) is a _semisynthetic 


:-2-acetamido) cephalosporanic 
le sodium content is 35 mg. per 

cephalothin. ~ 
n he bactericidal action of 


tre and penicilinasé- Proe 


- Beta-hemolytic and other streptococci 


tococcus faecalis, are relatively resistant) 
- Pneumococci 


mr a Hemophilus inluenzoe 
_ Neisseria gonorrhoeae — 
— Escherichia coli and other coliform. 
bacteria — : 
« Klebsiella-Aerobac: ter sp. 
i ae poteus- > 
Esc Er sp. 2 R 
igella sp FUE 
pu dr idicallons: Keflin i is indicated in the treat- 
“ment of serious infections of the respiratory 
"tract, genito-urinary tract, soft tissue and skin, 
"gástro- "intestinal tract, bones and joints, blood- 
stream, and cardiovascular system due to sus- 
ceptible organisms. Also, it has been effective 
in cases of peritonitis, septic abortion, and 
staphylococcus and pneumococcus meningitis. 
Effectiveness has not been established i in other 
- types of meningeal infection. — 
i Appropriate culture and susceptibility düdies 
E uld be performed to determini susceptibility 
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ntraindication: Keflin. is s contraindicated in 
iras once e i nyi ceph- 


E PATIENTS, 


careful clinical judgment - 


is the Sodium salt of 7-(thio- 


“CEPHALOSPORIN Cc DERIVATIVES SHOULD BE 
-USED WITH GREAT CAUTION. THERE IS CLINI- 


CAL AND LABORATORY EVIDENCE OF PARTIAL 
CROSS-ALLERGENICITY OF THE PENICILLINS 


-AND THE CEPHALOSPORINS. INSTANCES OF 
PATIENTS WHO HAVE HAD SEVERE REAC- 
TIONS TO BOTH. DRUGS, INCLUDING DEATH 
FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 


Any patient who has demonstrated 


some form of allergy, particularly to 
‘drugs, should receive antibiotics cau- 
_tiously and then only whe 
necessary. No exception should be made 
with regard to Keflin® (sodium cephalo- 
thin, Lilly). 


absolutely 


Usage in Pregnancy—Safety of this 


product for use during pregnancy has not 
- been established. 


Precautions: Patients should be fol- 


-lowed carefully so that any side-effects 


or unusual manifestations of drug idio- 
syncrasy may be detected. If an allergic 


reaction to Keflin occurs, the drug should 


be discontinued and the patient treated 
with the usual agents (e.g., epinephrine, 


_antihistamines, pressor amines, or cor- 
- ticosteroids). 


When Keflin is administered to pa- 


- tients with transient or persistent reduc- 
-tion of urinary output due to impaired 


renal function, the total daily dose should 
be reduced. Careful clinical observation 


and laboratory studies should be made, 


because higher and more prolonged sys- 
temic antibiotic concentrations can oc- 
cur (see Administration and Dosage 
below). 

When Intravenous ‘doses of cephalothin 
larger than 6 Gm. daily are given by in- 
fusion for periods longer than three days, 
they may be associated with thrombo- 
phlebitis, and the veins may have to be 
alternated. The addition of 10 to 25 mg. 


of hydrocortisone to intravenous solu- 


tions containing 4 to 6 Gm. of cephalothin 
may reduce the incidence of thrombo- 
phlebitis. The use of small I.V. needles in 


ferred. 
Prolonged use of Keflin may result in 
the overgrowth of nonsusceptible organ- 


isms. Constant observation of the patient — 


is essential. If superinfection occurs dur- 
ing therapy, appropriate measures should 
be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's or 
Fehling's solution or with Clinitest* tab- 


50- ml. size, rubber-stoppered. 


lets but not with Tes-Tape* (urine sugar 
analysis paper, Lilly): E 
Adverse Reactions: Hypersensitivity— 
_Maculopapular rash, urticaria, reactions - 
- Sone: serum sickness, and SBABUy: - 





laxis have been reported. Eosinophilia 
and drug fever have been reported as as- 
-SOciated with other allergic reactions. 


These reactions are most likely to occur 


in patients with a history of allergy, par- 
ticularly to penicillin. 


Blood—Neutropenia and hemolytic ) 


anemia have been reported. Some indi- 


viduals, particularly those with azotemia, 
have developed positive direct. Coombs 


tests during cephalothin therapy. — 


Liver— Transient rise in SGOT has been 


E reported. 


Kidney—Rise in BUN has been ob- 


- served; however, some patients with ele- 
vated BUN at the beginning of cephalo- 


thin therapy have had values return to 
normal during therapy. 

Local Reactions—Pain, induration,- 
tenderness, and elevation of temperature 
have been reported following repeated 
intramuscular injections. Thrombophle- 
bitis has occurred and is usually associ- 
ated with daily doses of over 6 Gm. given 
by infusion for more than three days. 

Administration and Dosage: /n adults, 
the usual dosage range is 500 mg. to 1 
Gm. of cephalothin every four to six 
hours. A dosage of 500 mg. every six 
hours is adequate in uncomplicated 
pneumonia, furunculosis with cellulitis, 
and most urinary tract infections. In 
severe infections, this may be increased 
by giving the injections every four hours 
or, when the desired response is not ob- 
tained, by raising the dose to 1 Gm. In 
life-threatening infections, doses up to 


2 Gm. every four hours may be required. 


in infants and children, the dosage 


— should be proportionately less in accord- 


ance with age, weight, and severity of . 
infection. Daily administration of 50 mg. 


. per Kg. (40 to 80 mg. per Kg. or 20 to 
40 mg. per pound) in divided doses has 
been found effective for most infections 


the larger available veins may be pre; susceptible So «eni. 


For additional information regarding 
dosage and administration, see package 


- literature. 


How Supplied: Ampoules Keflin* (Ster- 
ile Sodium Cephalothin, U.S.P.), equiva- 
lent to 1 Gm. cephalothin, 10-ml. size, 
rubber-stoppered; equivalent to 2 Gm. 
cephalothin, 100-ml. size, rubber-stop- 
pered; equivalent to 4 Gm. cephalothin, 
(0312711 


Additional information available to the 
profession on request. 
Eli Lilly and Company 
dna, Indiana 46206 
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‘Traumatic wounds 
complicated by intectiori-an urgent concern 


*due to susceptible organisms 





(cephaloridine) 


Lor idine I. A L. 500-mg. ampoule 
therapy worthy of consideration 


Traumatic wound infections often require the 
rapid and effective action that Loridine I.M. can provide 
when they are due to susceptible organisms. 

Loridine is active in vitro against many pathogens that 
may cause skin and soft-tissue infections, including sus- 
ceptible strains of staphylococci, Escherichia coli, and 
streptococci, and is also effective in the presence of mixed 





infections.' 





Before Administration of Loridine 


1. Determine renal status before 
initiating therapy. 


2. |n patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic tnerapy 
should be considered if impairment is 
due to acute tubular necrosis. 


ws 3. As with other antibiotics, appro- 
*priate specimens for culture and sus- 
ceptibility testing should be obtained. 


4. Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
polymyxin B), in penicillin-allergic pa- 
tients, and in those receiving potent 


diuretics, such as furosemide or etha- 
crynic acid. 


During Administration of Loridine 


l. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 0.5 to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenance dosage, 


One dose of Loridine provides measurable serum levels 
of antibacterial activity up to twelve hours. 

These are a few of many reasons why Loridine provides 
therapy worthy of consideration. 


1Many strains of enterococci are relatively resistant. Some strains of staphy- 
lococci are resistant. Pseudomonas organisms are resistant, as are most indole- 
producing Proteus species and motile Enterobacter species. 


Lilly 


the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oliguria, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 

4. lf impaired renal function devel- 


ops or worsens during therapy, dis- 
continue use. 


Please turn page for prescribing information. 


eye o haloridi 
| a, | Loridine T.M. aM 


Because of nephrotoxicity, (e.g., tubular necrosis) of cephaloridine 
in dosages above 4 Gm. daily (see Warnings and Adverse Reactions), 
recommended doses should not be exceeded. Renal status of the pa- 
tient should be determined prior to initiation of therapy. Patients 
with known or suspected impairment of renal function should be under 
close clinical observation for changes in renal function or be hospital- 
ized, and reduced dosage should be employed. If impaired renal func- 
tion develops during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology —Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial con- 
centrations in the urine, in some instances approaching 1,000 
mcg. per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly 
to plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of enter- 
ococci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephalor- 
idine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and 
penicillin-G-susceptible staphylococci are susceptible to Loridine. 
However, some strains of penicillinase-producing staphylococci are 
resistant in vitro to concentrations of Loridine that can be achieved 
in the serum. The majority of strains of H. influenzae, Pr. mirabilis, 
Esch. coli, and Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the 
treatment of gonorrhea when penicillin is not considered the drug 
of choice. 

Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 


Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 
Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION, THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
output, a rising BUN or serum creatinine, or a decreasing creati- 
nine clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamy- 
cin, polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or etha- 
crynic acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 

Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy should be continued for at least ten days. 

In the therapy of gonorrhea, patients in whom there is reason to 
‘Suspect concomitant syphilis should have dark-field examinations 


of all suspect lesions before treatment and monthly serologic tests 
for a minimum of three months. 
Indicated surgical procedures should be performed in conjunc- 


tion with antibiotic therapy. 


Superinfections may develop with organisms not in the spectrum 
of Loridine, particularly Pseudomonas. These can be recognized by 
clinical observation and by means of appropriate cultures. If they 
occur, proper therapeutic measures should be taken. 

Since safety for use in premature infants and in infants under 
one month of age has not been established, administration of 
cephaloridine to these patients is not recommended. 

A false-positive reaction for glucose in the urine may occur with 
Benedict's or Fehling's solution or with Clinitest® tablets but not 
with Tes-Tape® (urine sugar analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity—Maculopapular and erythem- 
atous rashes, urticaria, and anaphylaxis have been reported. 
Drug fever and eosinophilia also have been noted. Hypersensitivity 
reactions are more likely to occur in patients with a history of 
allergy, particularly to penicillin. 

Blood—Neutropenia and leukopenia have been reported. Some 
individuals have developed positive direct Coombs tests during 
therapy. 

Liver—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings 
is uncertain. 

Renai—Severe, acute renal failure, in some cases terminating 
in death, has occurred in a small number of patients receiving 
Loridine. The possibility of this complication seems to be greater 
in seriously ill patients given more than recommended doses. 
Acute tubular necrosis has been noted in affected patients coming 
to autopsy. 

Loca! Reactions—Pain on I.M. injection of Loridine is rare, and 
phlebitis on I.V. injection occurs infrequently. 

Other—Nausea and vomiting have been reported. 


Administration and Dosage: Loridine should be dissolved in either 
Sodium Chloride Injection or Sterile Water for Injection. (See the 
package literature for Dilution Table.) 

Intramuscular Injection—Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The usual adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals. 
Milder and more susceptible infections have been treated with 250 
to 500 mg. given two or three times a day. More severe infections 
may be treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of acute 
gonorrhea. 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

If more than 2 Gm. of cephaloridine is injected daily, the patient 
should be under close clinical observation for changes in renal 
function cr be hospitalized. In addition, reduced dosage should be 
employed in patients with known or suspected renal impairment 
(see package literature). 

In children, a daily total of 30 to 50 mg. per Kg. (15 to 25 mg. 
per pound) of body weight, given in divided doses, has been found 
effective for mild to moderately severe infections. A daily total of 
100 mg. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants 
under one month of age has not been established, the use of cepha- 
loridine in these patients is not recommended. 

In both adults and children, failures have appeared to be related 
more closely to insusceptibility of the organism or poor general 
condition of the patient than to inadequate dosage. 

Intravencus Injection—In the presence of extremely serious in- 
fections (such as bacteremia) or when any infection seems over- 
whelming, intravenous administration may be indicated. 

Total daily dosages are the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
suffice; for 'ess susceptible organisms and for serious infections, 
2 to 4 Gm. per day may be needed. 


How Supplied: Ampoules Loricine® (cephaloridine, Lilly), 500 mg., 

5-ml. size, rubber-stoppered; 1 Gm., 10-ml. size, rubber-stoppered. 
[020472] 

Additional in*ormation available to the profession on request. 

Eli Lilly and Company 

Indianapolis, Indiana 46206 
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provides the finest, 

most advanced 

systems to serve patients 
safely, efficiently and 
economically. 


Kendall - 
sets the pace 
in Research 
for new 
and better 
Operating Room 
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reduce Urinary 
Tract infection with 


CURITY Closed 
Collection Systems 


KENDALL 





Sets the Pace in 
Systems Innovations 





Catheterization increases the risk 
of urinary tract infection to an 
alarming degree. With one of the 
Curity Catheterization Systems, 
you can stop external bacteria be- 
fore they have an opportunity to 
get into the urinary tract. 


As an example, the Curity Urine 
Meter is a completely closed sys- 
tem from the tip of the catheter 
to the bottom drain. The Urine 
Meter has a device, connected to 
a bedside drainage bag, which ac- 
curately measures urine output. In 
cases where an hourly reading is 
important, it is a simple matter to 
note the volume (to 200 cc) and 
transfer the urine into the cali- 
brated collection bag by raising 
the Urine Meter. Should the urine 
accumulate to over 200 cc, it au- 
tomatically overflows into the bed- 
side bag. The closed system design 
helps prevent bacteria from 
entering the system. 


Your Kendall salesman can do 
a comprehensive survey of your 
hospital and design a Curity Sys- 
tem tailored to your urological re- 
quirements. He will consider Foley 
trays, straight Urethral Trays, Foley 
Catheters, Drainage Sets, Urine 
Meters and the rest of the Curity 
line of Urological Products. Then 
he'll recommend the systems and 
products needed to serve your pa- 
tients most economically. He can 
also arrange a showing of the 
Curity Urological In-Service Pro- 
gram. Let your Kendall salesman 
show you how many ways he can 
help you help your patients. 


Thromboembolism, 


the unpredictable killer, 


T.E.D? Stockings, a 
proven prophylaxis 


KENDAL 





L Sets the Pace in 
Patient Protection 





T.E.D. anti-embolism stockings are 
designed to help prevent thrombus 
formation in the leg of the active 
adult suddenly confined to a hos- 
pital bed.! The compression these 
stockings exert on the legs has 
been shown to be effective in in- 
creasing the venous velocity in the 
legs? and reducing by about half 
the expected incidence of fatal 
pulmonary embolism in a series of 
9,467 medical, surgical and 
obstetric patients.? 


T.E.D. Stockings provide encir- 
cling graduated compression in 
either knee or thigh length stock- 
ings. The construction and fea- 
tures in both the cotton and nylon 
styles are superior to any other 
anti-embolism stocking available. 
Let your Kendall salesman show 
you the differences and how you 
can immediately fit most patients 
with one of the available sizes. He 
also has reprints of articles on pul- 
monary embolism and an In- 
Service program that shows the 
how and why of T.E.D. 


REFERENCES: 


1. Wilkins, R. W., Mixter, G., Stanton, J. R., 
and Litter, J.: Elastic Stockings in the Preven- 
tion of Pulmonary Embolism: A Preliminary 
Report, New Eng. J. Med. 246: 360-364 
(March 6) 1952. 


2. Goldsmith, H. S.: Thromboembolic Disease: 
Emphasis on Prevention, Med. Times 96: 774- 
786 (August) 1968. 


3. Wilkins, R. W. and Stanton, J. R.: Elastic 
Stockings in the Prevention of Pulmonary 
Embolism: Il. A Progress Report, New Eng. J. 
Med. 248: 1087-1090 (June 25) 1953. 


CAUTION: Federal law restricts this device 
to sale by or use on the order of a physician. 


CONTRAINDICATIONS: In patients with 
open ulcers, severe arteriosclerosis and other 
ischemic vascular diseases, and massive leg 
edema with imminent pulmonary edema from 
congestive heart disease. Any signs of irrita- 
tion or redness of the skin should be care- 
fully noted. 

















CURITY' 
Thermal 
Packs 


simplify preparation and assure 
sterile application of hot moist dress- 
ings. No longer is it necessary to 
work with drippy sponges, to heat 
bottles of sterile water to uncertain 
temperatures, or to end up changing 
wet bed linens. Now all that’s nec- 
essary is either Curity sterile water 
or sterile saline packs and the heat 
lamp. Just think, pre-measured 
moisture, correct temperature in 5 
minutes and nothing to return to 
Central Supply. This is one system 
that really saves time and preserves 
sterile technique. Your patients will 
love it (and you). Ask your Kendall 
salesman for a demonstration. 






sets the 


CURITY: 
Sterile IO's 


Trays 


are something special. You have seen 
other pre-packed trays of 10 sponges, 
but our trays are better. Why? To 
start with, we have a Tyvek* cover; 
it’s water repellent and puncture 
resistant, with the widest sterile seal 
area available. That’s so you can be 
certain the sponges are sterile upon 
entry to the OR. Second, the peel 
back cover’s extra-long opening tab 
is separated from the tray tab and 
both are far from the sterile seal, 
Third, there's a long apron that ex- 
tends over the fingers holding the 
tray. Bacteria are stopped again. 
These Curity trays come with your 
choice of all gauze or the X-ray 
detectable elements, Tripaque and 
Radiopaque. Have your Kendall man 
show you all three types. You'll see 
the difference. 


*Registered trademark of DuPont. 


mace in Wound 


therapy. 








KERLIX 
Fluffs 


make ordinary sponges obsolete 
when softness and absorbency are 
of prime importance. These sponges 
are far from ordinary. They’re made 
of the finest washed gauze, with a 
permanent wave, and then folded 
until the center is a fluff of the soft- 
est, lintless sponge imaginable. 
Thirstier too, because Kerlix trans- 
fers more than plain gauze. Try them 
the next time you need a sponge that 
won't irritate a wound. We think 
your patients deserve the best in 
tender, loving care. Kerlix Fluffs 
will help you give it to them. Your 
Kendall salesman will be happy to 
give you samples, ask him. 






HOSPITAL PRODUCTS DIVISION 
CHICAGO ILLINOIS 60606 « PRINTED INUSA 


Fleet Enema 
Shortest Inte 








The interval between the start and finish of 


bowel cleansing prior to proctosigmoidoscopic 
examination, that is. A time to appreciate 
the rapid effectiveness of FLEET® ENEMA: com- 
plete emptying of the left colon in 2 to 5 min- 
utes, giving you a clear field and excellent 
visualization. 

Much faster than suppositories. Much faster 
than oral laxatives. Much faster than soapsuds 
enemas. 

And more comfortable, too. FLEET ENEMA 
induces a physiological pattern of evacuation 
without pain or spasm. And FLEET ENEMA is 


F5A72 







P TIUS. 


totally disposable. There's nothing to do, but 
use it and discard it. 

FLEET ENEMA. Possibly the easiest part of 
the proctological exam. 
Warning: Frequent or prolonged use of enemas may 
result in dependence. Take only when needed or when 
prescribed by a physician. Do not use when nausea, 
vomiting, or abdominal pain is present. Caution: Do 
not administer to children under two years of age un- 
less directed by a physician. 


Fleet Enema. 
The Professional. 


C. B. FLEET CO., INC. 
Lynchburg, Va. 24505 
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ienaphei 
h Codeine 


In addition to suffering the pain of a fractured 
arm, this patient has experienced anxiety (he'll be 
out of work for several days, and he's worried 
about the medical expenses); embarrassment (his 
wife warned him to hire a painter, and he insisted 
on doing it himself); frustration (he spilled a gal- 
lon of expensive paint all over his driveway); 
anger (he's mad at himself for being so careless); 
and disappointment (he can't play golf with the 
boys tomorrow). No doubt these psychic factors 
actually increased his perception of pain. Surely 
the last thing he needs is an analgesic containing 
caffeine. The logical choice is Phenaphen with 
Codeine. It provides a quarter grain of phenobar- 
bital to take the nervous “edge” off, so the rest of 
the formula can control the pain more effectively. 
It’s no accident that Phenaphen formulations con- 
tain a sedative rather than a stimulant. Don't you 
agree, Doctor, that psychic overlay is an important 


factor in most of the accident cases you see? 


Indications: Provides relief in severer grades of pain, on low codeine 
dosage, with minimal possibility of side effects. Its use frequently makes 
unnecessary the use of addicting narcotics. Contraindications: Hyper- 
sensitivity to any of the components. Precautions: As with all phenacetin- 
containing products, excessive or prolonged use should be avoided. Side 
effects: Side effects are uncommon, although nausea, constipation and 
drowsiness may occur. Dosage: Phenaphen No. 2 and No. 3—1 or 2 cap- 
sules every 3 to 4 hours as needed; Phenaphen No. 4—1 capsule every 
3 to 4 hours as needed. For further details see product literature. 


(a Phenaphen with Codeine is now classified in Schedule IIl, Con- 
trolled Substances Act of 1970. Available on prescription and may 
be refilled 5 times within 6 months, unless restricted by state law. 


A. H. Robins Company, Richmond, Va. A-HTROBINS 


á the CO fs ound analgesic that calms instead of caffeinates 
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Phenaphen with Codeine Nos. 2, 3, or 4 contains: Phenobarbital 
(A gr.), 16.2 mg. (warning: may be habit forming); Aspirin (212 
gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Hyoscyamine sulfate, 
0.031 mg.; Codeine phosphate, 14 gr. (No. 2), /2 gr. (No. 3) or 1 gr. 
(No. 4) (warning: may be habit forming). 
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For the busy surgeon . . . an up-to-date review 
of recent progress 


THE SURGICAL MANAGEMENT 
OF VASCULAR DISEASES 


Edited by Henry Haimovici, M.D. With 24 Contributors. 


This timely book provides a comprehensive overview of the 
latest diagnostic methods and therapeutic procedures for some 
of the most important venous and arterial diseases amenable to 
surgical correction. 


Chapters in this well-organized work range from Plication of the 
Inlerior Vena Cava for Prevenlion of Pulmonary Embolism to 
Surgical Indications in Renovascular Hypertension. Illustrated 
chapters were contributed by authorities in fields of vascular 
surgery, thoracic surgery, internal medicine, cardiology, hema- 
tology, and radiology. Clinically-sound conclusions are presented, 
based upon data from long-term follow-ups and the recent emerg- 
ence of standardized techniques and surgical indications. 


Everyone concerned with the limits and advantages of vascular 
surgery will benefit from the important material that fills the 
pages of this helpful book. 


260 Pages E 155 Illustrations » 1970 * $18.50 
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"Because of its broad gram-negative spectrum 
and its established clinical efhcacy, GARAMYCIN 
Injectable may be considered an antibiotic for 
initial therapy in suspected as well as documented 
granrnegative sepsis." 
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Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
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See Clinical Considerations section which follows... 


Consider for initial therapy because of... 
Proven clinical effectiveness 
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Respiratory Infections 


Outstanding results in serious gram-negative 
respiratory infections! 

“It appears that gentamicin is clearly beneficial in 
many cases of life-threatening gram-negative pulmonary 
infections. . . In particular, gentamicin is often valuable in 
the treatment of pulmonary infections due to Pseudomonas 
aeruginosa."? 
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May be lifesaving$6-!0 

“These cases offer the greatest challenge to any 
drug, and remarkable successes were recorded by 
several observers, some of them after definite failures 
to influence the infections with other antibiotics.” 10 


*Due to susceptible organisms 





Urinary Tract Infections 


Strikingly effective in serious gram-negative 
urinary tract infections? 

“The antibacterial spectrum and pharmacology of 
gentamicin are ideally suited for the therapy of urinary 
tract infections."4 (Appropriate precautions are indicated 
in patients with impaired renal function; consult Package 
Insert for full details.) 





Wounds and Burns 


Response may be dramatic in wounds and burns 
complicated by sepsis!9.!! 

Established clinical efhcacy against most Pseudomonas 
as well as most other gram-negative pathogens. 


Also effective in serious infections of the central 
nervous system (meningitis) and the gastrointestinal tract. 
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n 
entamicin i sulfate 
injection 


Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 


Consider for initial therapy in suspected 
as well as documented gram-negative sepsis because of: 


Awide gram-negative spectrum 


Encompasses virtually all gram-negative pathogens of clinical importance...Pseudomonas 
aeruginosa, Proteus species (indole-positive and indole negative), Escherichia coli, Klebsiella- 
Enterobacter-Serratia species. Garamycin Injectable should also be considered in staphylococcal 
infections where susceptibility testing and clinical judgment indicate its use. 


Proven clinical effectiveness 


Shown to be effective in septicemia and serious infections of the central nervous 
system (meningitis), urinary tract, respiratory tract, gastrointestinal tract, skin and soft 
tissue (including burns). 


Prompt therapeutic serum levels 


After IM administration, peak serum concentrations occur between 30 and 90 minutes 
and effective serum levels persist for 6 to 8 hours. 


Relatively low incidence of toxicity 


The risk of toxic reactions is low in patients with normal renal function who do not 
receive GARAMYCIN Injectable at higher doses or for longer periods of time than recommended. 


Ease of administration 


Suitable for intravenous as well as intramuscular administration... virtually no pain 
on injection ... preparation preconstituted and stable— requires no mixing, no refrigeration... 
simplified adult dosage guidelines. 





WARNING: Patients treated with GARAMYCIN Injectable should be under close clinical observation because of the potential 
toxicity associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in patients, primarily those with preexisting renal damage, treated with 
GARAMYCIN Injectable, usually for longer periods or with higher doses than recommended. 

GARAM YCIN Injectable is potentially nephrotoxic, and this should be kept in mind when it is used in patients with preexisting 
renal impairment. (Sce Package Insert for other precautions, contraindications, etc.) 

Monitoring of renal and eighth nerve function is recommended during therapy of patients with known impairment of renal 
function. This testing is also recommended in patients with normal renal function at onset of therapy who develop evidence of 
nitrogen retention (increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity requires dosage adjustments or 
discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and prolonged concentrations above 12 mcg./ ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, particularly streptomycin, neomycin, kanamycin, cephaloridine, 
viomycin polymyxin B, and polymyxin E (colistin), should be avoided. i 
Usage in Pregnancy: Safety for use in pregnancy has not been established. 


See Clinical Considerations section which follows... 


Now recommended for LV use where indicated 


Injectable GARAMYCIN® I.M./I.V. 

brand of gentamicin sulfate U.S.P., injection 40 mg. /cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 


WARNING: 
Patients treated with GARAMYCIN Injectable should be under 


close clinical observation because of the potential toxicity as- 
sociated with the use of this drug. 


Ototoxicity, both vestibular and auditory, can occur in pa- 
tients, primarily those with preexisting renal damage, treated 
with GARAMYCIN Injectable, usually for longer periods or with 
higher doses than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this 
should be kept in mind when it is used in patients with pre- 
existing renal impairment. (See Package Insert for other precau- 
tions, contraindications, etc.) 

Monitoring of renal and eighth nerve function is recom- 
mended during therapy of patients with known impairment of 
renal function. This testing is also recommended in patients 
with normal renal function at onset of therapy who develop 
evidence of nitrogen retention (increasing BUN, NPN, creati- 
nine or oliguria). Evidence of ototoxicity requires dosage ad- 
justments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible 
and prolonged concentrations above 12 mcg./ml should be 
avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic 
drugs, particularly streptomycin, neomycin, kanamycin, ceph- 
aloridine, viomycin, polymyxin B, and polymyxin E (colistin), 
should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not 
been established. 





Indications: GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudo- 
monas aeruginosa, Proteus: species (indole-positive and indole- 
negative), Escherichia coli and Klebsiella-Enterobacter-Serratia 
species. Clinical studies have shown GARAMYCIN Injectable to be 
effective in serious infections of the central nervous system (menin- 
gitis), septicemia, urinary tract, respiratory tract, gastrointestinal tract, 
skin and soft tissue (including burns). Bocteriologic tests to determine 
the causative organisms and their susceptibility to gentamicin should 
be performed. Bacterial resistance to gentamicin develops slowly in 
stepwise fashion; there have been no one-step mutations to high re- 
sistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN 
may be considered as initial therapy. The decision to continue ther- 
apy with this drug should be based on the results of susceptibility 
tests, the severity of the infection, and the important additional con- 
cepts contained in the "Warning Box" above. 

GARAMYCIN has been shown to be effective in serious staphy- 
lococcal infections. It may be considered in those infections when 
penicillins or other less potentially toxic drugs are contraindicated 
and bacterial susceptibility testing and clinical judgment indicate 
its use. 

Contraindications: A history of hypersensitivity to gentamicin is a 
contraindication to its use. 

Precautions: The concurrent use of gentamicin with potent diuretics 
such as ethacrynic acid should be avoided. Intravenous diuretics may 
cause fairly rapid rise in gentamicin serum level and potentiate neuro- 
toxicity. Neuromuscular blockage and respiratory paralysis have 
been reported in the cat receiving high doses (40 mg./kg.) of genta- 
micin. The possibility of these phenomena occurring in man should be 
considered if gentamicin is administered to potients receiving neuro- 
muscular blocking agents such as succinylcholine and tubocurarine. 
Treatment with gentamicin may result in overgrowth of nonsusceptible 
organisms. If this occurs, appropriate therapy is indicated. 

Adverse Reactions: Nephrotoxicity: Adverse renal effects, as 
demonstrated by rising BUN, NPN, serum creatinine and oliguria, 
have been reported. They occur more frequently in patients with a 
history of renal impairment treated with larger than recommended 
dosage. Neurotoxicity: Adverse effects on both vestibular and audi- 





tory branches of the eighth nerve have been reported in patients on 
high dosage and/or prolonged therapy. Symptoms include dizziness, 
vertigo, tinnitus, roaring in the ears and hearing loss. Numbness, skin 
tingling, muscle twitching, and convulsions have also been reported. 
Note: The risk of toxic reactiors is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses 
or tor longer periods of time than recommended. 

Other reported adverse reactions, possibly related to gentamicin, 
include increased serum transaminase (SGOT, SGPT), increased se- 
rum bilirubin, transient hepatomegaly, decreased serum calcium; 
splenomegaly, anemia, increased and decreased reticulocyte counts, 
granulocytopenia, thrombocytopenia, purpura; fever, rash, itching, 
urticaria, generalized burning, oint pain, laryngeal edema; nausea, 
vomiting, headache, increased salivation, lethargy and decreased 
appetite, weight loss, pulmonary fibrosis, hypotension and hyper- 
tension. 

Dosage and Administration: GARAMYCIN Injectable may be given 
intramuscularly or intravenously. 

For intramuscular administration in adults with normal renal function. * 

For patients weighing over 60 kg. (132 lb.), the usual dosage is 
80 mg. (2 cc.) three times daily. For patients weighing 60 kg. (132 Ib.) 
or less, the usual dosage is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg./ 
kg./day may be administered in three or four equal doses. This dos- 
age should be reduced to 3 mg./kg./day as soon as clinically indicated. 

*In children and infants, the newborn, and patients with impaired 

renal function, dosage must be adjusted in accordance with instruc- 
tions set forth ir the Package Insert. 
For Intravenous Administration: The intravenous administration of 
GARAMYCIN Injectable is recommended in those circumstances when 
the intramuscular route is not feasible (e.g., patients in shock, with 
hematologic disorders, with severe burns, or with reduced muscle 
mass). For intrcvenous administration, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or 
in a sterile solution of dextrose 5% in water; the concentration of 
gentamicin in solution should not exceed | mg./cc. (0.1 26). The solu- 
tion is infused over a period of 1 to 2 hours. 

GARAMYCIN Injectable should not be physically premixed with 
other drugs, but should be administered separately in accordance 
with the recommended route of administration and dosage schedule. 
How Supplied: GARAMYCIN Injectable, 40 mg./cc., 2 cc. multiple- 
dose vials, for parenteral administration. MARCH, 1971 

AHFS Category 8:12.28 
For more complete prescribing details, consult Package Insert 
or Physicians’ Desk Reference. Schering literature is also 
available from your Schering Representative or Medical 
Services Department, Schering Corporation, Kenilworth, New 
Jersey 07033. 


References: 1. Brayton, R. G. and Louria, D. B.. Gentamicin in gram-negative urinary and 
pulmonary infections. Arch. int. Med. 114:205, 1964. 2. Louria, D. B.; Young, L.; Armstrong, 
D., and Smith, J. K: Gentamicin in the treatment of pulmonary infections, J Infect. Dis 
119.483, 1969. 3. Gatmoiton, B. G.; Carruthers, M. M., and Lerner, A. M.: Gentamicin in 
treatment of primary gram-negative pneumonias, Am. J. M. Sc. 260:90, 1970. 4, Cox, C E. 
Gentamicin, M. Clin. North America 541305, 1970. 5. Cox, C. E.: Gentamicin, a new 
aminoglycoside antibiotic Clinical ond laboratory studies in urinary tract infection, J. Infect 
Dis. 119-486, 1969 6 Cox, C. E., and Harr son, L. H.: Gram-negative bacteremia and com- 
parison of gentamicin and polymyxin B — kanamycin therapy Presented at the Annual Meet- 
ing of the American Urological Association, Philadelphia, Pennsylvania, May 10-14, 1970. 
To be published in J Urol. 7. Groll, E: Clinical experience with gentamicin, data from 12 
German clinics, in Gentamicin: First International Symposium, Paris, January 1967, Lucerne, 
Essex Chemie AG, 1967, p. 121. 8. Jackson, G. G.: Laboratory and clinical investigation of 
gentamicin, ibid., p. 62. 9 Medeiros, A. E.: Discussion, J. Infect Dis. 119:533, 1969. 
10 Finland, M. Gentamicin: Antibacterial activity, clinical pharmacology and clinical appli- 
cations, M. Times 97 161, 1959. 11. Polk, H.. Discussion, J. Infect. Dis 119:529, 1969 
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Get the 24-hour head start with 
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Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 









Listening with understanding. It es- 
tablishes guidelines for putting the 
full design capability of Kimberly- 
Clark to work on accurate problem 
solving. Proof of our listening well 
can be found in Kimlon® surgical 
packs and gowns. 

Kimlon surgical packs offer a 
number of surgeon-oriented fea- 
tures: positioning tapes that permit 
quick, precise placement of the 
fenestration, keep it in position, 
prevent flow of fluids under the 
drape; a textured foam area sur- 
rounds the fenestration to guard 
against fluid run-off, instrument 
slippage, reflective glare. The non- 
woven fabric in Kimlon packs 








KIMBERLY-CLARK CORPORATION 


Health Care Products Division—Dept. A.S. 
Neenah, Wisconsin 54956 
Phone (414) 729-1212 


Kimlon is a registered trademark of the Kimberly-Clark Corporation 
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our best way to give Sur 
the packs and gowns they want 


ons 





drapes softly and smoothly. 

Kimlon surgical gowns, too, al 
made to meet surgeons' specific: 
tions. Exclusive beltless desig 
provides cooler wear, greater fre« 
dom of movement and an end į 
annoying '"blousing'" above th 
waist. Kimlon gowns’ adjustab 
closures assure comfortable fit an 
greater covered back protection. 
An invitation to OR supervisors. 
Listening makes it possible to giv 
you superior products. An in-hosp 
tal demonstration will convince yc 
Kimlon gowns and surgical pack 
set new levels of OR efficienc 
convenience and comfort. Ask t 
to send a representative. 
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Ketalar 


(Ketamine HCl) 


Progress 
Report 


One year of nationwide ioa | 
clinical use; one decadeof || 2€ 
research and development 
at Parke-Davis. A continu- 
ing program that has 

made KETALAR anesthesia 
a reality. 











In routine induction, 
a smooth, 
uncomplicated start 


In high-risk surgery, " | 5 5 
an added measure Eo 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
"poor-risk" patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- |7 | 
tective laryngeal-pharyngeal | %4 
reflexes intact. Airway pa- | 
tency can usually be main- |N /// 
tained without intubation. | 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or IV. which 
greatly simplifies the proce- 
dure for children and adults 
alike. KETALAR is also clini- 
cally compatible with com- 
/  |monly used general anes- 

[/ \thetics, pre- and postanes- 
thetic medications, includ- 
ing anticholinergics, muscle 
relaxants, and tranquilizers. 


In short procedures, absence of tachyphylaxis 
more problems and organ/tissue accumula- 


tion is a definite plus in re- 
solved, fewer petitive procedures. Grow- 
created ing experience with 
KETALAR, as sole agent, KETALAR shows that emer- 


simplifies and improves an- |gence reactions can be ef- 
esthesia in a host of prob- fectively reduced by allow- 
lem procedures." It has ing patients to awaken 
proven to be especially valu- |naturally with minimal ver- 
able in the management of — |bal or tactile stimulation, 
severe burn patients, and its |and, where indicated, by 





rapid and profound anal- employing agents such as 
gesic effect provides a major droperidol or diazepam. 
advantage in numerous f 


painful diagnostic tests and In pediatr ICS, d new A 

short surgical procedures era in anesthesia 

not requiring skeletal mus- 

cle relaxation. The virtual — |KETALAR anesthesia repre- 

sents a milestone in the 

management of infants and 

children. It offers — for the 

first time — efficient general 

4 anesthesia by intramuscular 

' $ injection. In terms of both 

[efficacy and convenience, 
-& the clinical experience with 

«d. KETALAR may qualify it in 

* (many instances as the agent 

of choice for pediatric 

" anesthesia. 

t: IKETALAR UPDATE: 

|. | Now indicated for use in 

{| | cardiac catheterization. 

' |Now available in new 

100 mg./ml., 5 ml. vials 

for IM use. 


See next page for prescribing information. 


Ketalar 
(Ketamine HCI) 
Parke-Davis 


advancement in 
anesthesiology 
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anesthesiology ex Ketarrine IC 


KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 
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sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case supportive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reduced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcohol-intoxicated patient. An increase in cere- 
brospinal fluid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration: Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychological: (See Special Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shortly af:er regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or morbilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supp ied individually and in cartons of 10. 
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Dialose Plus has no pits... 


(dioctyl sodium sulfosuccinate and sodium carboxymethylcellulose plus casanthranol) 





Andno pitfalls, either,inthemanagement And Dialose Plus softens and lubricates. 


of the constipated surgical patient. too...for easier, less painful 
Because Dialose Plus is more consis- defecation. 
tently reliable than the old-fash- Also available: Dialose* (dioctyl sodium 
ioned constipation remedy. sulfosuccinate and sodium car- 
To lessen the strain of constipation, boxymethylcellulose)—for ef- 
it provides the effective yet fective stool softening and 
gentle peristalsis stimulation of lubrication, when peristalsis 
casanthranol. stimulation is not required. 


N STUART PHARMACEUTICALS | Pasadena, Calif. 91109 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 


Librium 
Chlordiazepoxide HCI) 


It helped prepare 50 highly anxious patients 
for cardiac surgery. 





Cardiac surgery attorded an excel- 
lent test of Librium (chlordiazepoxide 
HCl) as preoperative antianxiety 
medication to help patients enter sur- 
gery with greater calmness and with- 
out evidence of cardiovascular or 
respiratory depression. 

In a recent double-blind study,* 50 
anxious patients were given a 10-mg 
capsule of Librium and 50 patients re- 
ceived a placebo on a t.i.d. schedule, 
one day preoperatively and on the 
day of cardiac surgery. All patients 
were given 100 mg of Librium or pla- 
cebo, plus 0.4 mg scopolamine, I.M., 
60 to 90 minutes before operation. 

Clinical and psychologic tests 
showed that the Librium-treated 
group entered the operating room 
significantly lower in manifest anx- 
iety than the placebo group, with no 
evidence of respiratory depression, 
hypertension, hypotension, nausea 
or emesis. 

In general use, the most common 
side effects reported have been 
drowsiness, ataxia and con- 

fusion, particularly in the elderly 

and debilitated. Librium 

is available as 5-mg 
and 10-mg capsules, 
and 100-mg ampuls 
for reduction of 
preoperative 

| anxiety. On days 
we’ preceding surgery 
the recommended 
dose is 5to10 mg p.o., 
t.i.d. or q.1.d.;if used as 
preoperative medication, 
50 to 100 mg I.M. one 
hour prior to surgery. 


“Gibbs, L.; Svigals, R. E., and Riklan, M.: 
Anesth. Analg., 50:17, 1971. 

(A copy of this study is available on 
request from your Roche 
representative .) 








Before prescribing, please consult complete product infor- 
mation, a summary of which follows: 


Indications: Indicated when anxiety, tension and appre- 
hension are significant components of the clinical profile. 


Contraindications: Patients with known hypersensitivity 
to the drug. 


Warnings: Caution patients about possible combined 
effects with alcohol and other CNS depressants. As with 
all CNS-acting drugs, caution patients against hazardous 
occupations requiring complete mental alertness (e.g., 
operating machinery, driving). Though physical and 
psychological dependence have rarely been reported on 
recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase 
dosage; withdrawal symptoms (including convulsions), 
following discontinuation of the drug and similar to those 
seen with barbiturates, have been reported. Use of any 
drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against 
its possible hazards. 

Precautions: ORAL: In the elderly and debilitated and in 
children over six, limit to smallest effective dosage (ini- 
tially 10 mg or less per day) to preclude ataxia or overseda- 
tion, increasing gradually as needed and tolerated. Not 
recommended in children under six. 

INJECTABLE: Keep patients under observation, preferably 
in bed, up to three hours after initial injection; forbid 
ambulatory patients to operate vehicle following injection; 
do not administer to patients in shock or comatose states; 
use reduced dosage (usually 25 to 50 mg) for the elderly or 
debilitated and for children age twelve or older. 

ORAL AND INJECTABLE: Though generally not recom- 
mended, if combination therapy with other psychotropics 
seems indicated, carefully consider individual pharma- 
cologic effects, particularly in use of potentiating com- 
pounds such as MAO inhibitors and phenothiazines. 
Observe usual precautions in presence of impaired renal 
or hepatic function. Paradoxical reactions (e.g., excitement, 
stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ 
usual precautions in treatment of anxiety states with 
evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. 
Variable effects on blood coagulation have been reported 
very rarely in patients receiving the drug and oral anti- 
coagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may 
occur, especially in the elderly and debilitated. These 

are reversible in most instances by proper dosage adjust- 
ment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been 
reported. Also encountered are isolated instances of skin 
eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased 
and decreased libido—all infrequent and generally con- 
trolled with dosage reduction; changes in EEG patterns 
(low-voltage fast activity) may appear during and after 
treatment; blood dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been reported 
occasionally, making periodic blood counts and liver 
function tests advisable during protracted therapy. 

With the injectable form, isolated instances of hypoten- 
sion, tachycardia and blurred vision have been reported; 
also hypotension associated with spinal anesthesia, and 
pain following I.M. injection. 

Supplied: Librium capsules containing 5 mg, 10 mg or 

25 mg chlordiazepoxide HCI; 5-ml ampuls containing 

100 mg chlordiazepoxide HCI; Libritabs* tablets con- 
taining 5 mg, 10 mg or 25 mg chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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MUCOMYST 


ACETYLCYSTEINE) 


ecisively surpasses saline 
in liquefying thickened mucus 


@ Mucomyst has sharply reduced the incidence of postoperative 
atelectasis* and other pulmonary complications including pneumonia.** 





e Helps maintain open airways dur- 
ing anesthesia...helps overcome 
difficulties in tracheostomy care... 
facilitates aspiration of the tracheo- 
bronchial tree.** 


e Collapses ropy mucoprotein by 
chemically breaking the disulfide 
linkages without formation of poten- 
tially sensitizing polypeptides. 

e Acts without irritating mucous 
membranes...mucolyticaction is safe, 
rapid and persisting. 

e Mucomyst liquefies and loosens 


both purulent and nonpurulent secre- 
tions effectively. 





Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 
sema, chronic bronchitis, asthma, and bronchiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and tracheobron- 
chitis); tracheostomy care; facilitation of bronchial studies; maintenance of an open airway during anesthesia; and to help control 
pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated in those patients who are sensitive 
to it. Warnings: After proper administration of acetylcysteine, an increased volume of liquefied bronchial secretions may occur. 
When cough is inadequate, the open airway must be maintained by mechanical suction if necessary. When there is a large mechan- 
ical block due to foreign body or local accumulation, the airway should be cieared by endotracheal aspiration, with or without 
bronchoscopy. Asthmatics under treatment with Mucomyst should be watched carefully. If bronchospasm progresses, this medica- 
tion should be immediately discontinued. Adverse Effects: Adverse effects have included stomatitis, nausea and rhinorrhea. Sensi- 
tivity and sensitization to Mucomyst have been reported very rarely. A few susceptible patients, particularly asthmatics (see 
Warnings), may experience varying degrees of bronchospasm associated with the administration of nebulized acetylcysteine. Most 
patients with bronchospasm are quickly relieved by the use of a bronchodilator given by nebulization. Administration & Dosage: 
Mucomyst may be administered by nebulization into a tent, Croupette, face mask, or mouthpiece, or by direct instillation. Mucomyst 
should not be placed directly into the chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and 
compatibility are included in the package insert. Additional information may be obtained from Mead 

Johnson Laboratories. Supplied: Mucomyst®-10 (acetylcysteine) a sterile 10% solution in vials of 10 ml. 

and 30 ml.; Mucomyst® (acetylcysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. References: 

1. Hurst, G. A., et al.: Amer. Rev. Resp. Dis. 96:962, 1967. 2. Hirsch, S. R., et al.: Amer. Rev. Resp. Dis. IIloU] 
94:784, 1966. 3. Hirsch, S. R., and Kory, R. C.: J. Allerg. 39:265, 1967. 4. Thomas, P. A., et al.: Amer. Surg. 

32:301, 1966. 5. Webb, W. R., and Degerli, I. U.: Clin. Med. 71:1531, 1964. 6. Webb, W. R.: Postgrad. Med. LABORATORIES 
36:449, 1964. 


© 1971 MEAD JOHNSON & COMPANY » EVANSVILLE, INDIANA 47721 U.S.A. 180371 


go into the joint... 





u have to 





to A2 > De 4 

ET PAAR f V6 ata 
y yv LER ad Os : " APT 

itp tw" Uranus 





"eb 5 


..and want to do it as seldom 


as possible 


With ARISTOSPAN, you minimize trauma to the joint because unnecessary 
intra-articular injections can be avoided. Since ARISTOSPAN is the least 
soluble of all injectable corticosteroids, it can be expected to be absorbed 

slowly from the injection site in intra-articular therapy of rheumatoid arthritis 


and osteoarthritis. 


...and want to do it appropriately 


equipped 


With the new LEDERJECT® syringe, you reduce the risk of contamination 
to a minimum-at a time when strict aseptic technique is essential. 

What's more, the disposable syringe makes intra-artieular injection 

more convenient than ever before (supplied without needle so that 

you can make your own selection—convenient syringe guard is provided 


to facilitate injections). 


NOW 
ARISTOSPAN 


TRIAMCINOLONE HEXACETONIDE (20 mg./cc.) 


The corticosteroid 


specifically designed for 


intra-articular use 


ARISTOSPAN Triamcinolone Hexacetonide 


Contraindications: Do not give intravenously. (Absolute) 
Active, latent or questionably healed tuberculosis; ocular 
herpes simplex; acute psychosis. Hypersensitivity to any 
component. (Relative) Active peptic ulcer; acute glomerulo- 
nephritis; myasthenia gravis; osteoporosis; fresh intes- 
tinal anastomoses; diverticulitis; thrombophlebitis; psychic 
disturbances; diabetes mellitus; hyperthyroidism; acute cor- 
onary artery disease; hypertension; limited cardiac reserve: 
local or systemic (including fungal and exanthematous) 
infections; pregnancy, particularly during the first trimes- 
ter; when previous injections have produced local atrophy; 
in the presence of infection in or near the dermatologic 
lesions to be injected. In above, consider the risks against 
anticipated gains. 

Warning: Unilateral blindness has been reported following 
steroid injection in the scalp (extremely rare). Weigh 
possible benefits against possible risks when injecting into 
facial or scalp region. 

Precautions: Upon anaphylactoid or other severe reactions 
or idiosyncrasy, discontinue therapy; take proper measures. 
Withdraw gradually after prolonged treatment. When pa- 
tients on ARISTOSPAN or up to two years after discon- 
tinuance, are subjected to unusual stress (trauma, surgery), 
consider use of a soluble corticosteroid. Corticosteroid 
therapy may obscure symptoms of developing infection; if 
it occurs, treat appropriately, Growth suppression of chil- 
dren is possible during prolonged use. Corticosteroid ther- 
apy provides symptomatic treatment and does not obviate 
the need for conventional measures. Intralesional, Suble- 
sional Use: Overdosage (single, or repeated injections into 
the same intralesional site) may produce local subcutaneous 








LEDERJECT 


Disposable Syringe 


Triamcinolone Hexacetonide 
1 cc. in 2cc. syringe to allow 
room for diluents 

(also available 

in 1 and 5 cc. vials) 


atrophy, delaying recovery for several months. Avoid enter- 
ing a blood vessel. 

Adverse Reactions: Intralesional, Sublesional: (Most trouble- 
some) Subcutaneous atrophy at injection site (usually due 
to frequency of injection, overdosage, inadequate dilution, 
too zreat a volume). Local effects: abscess, erythema, pain, 
swelling, necrosis, intradermal calcification at injection site, 
hypopigmentation, hyperpigmentation. Systemic effects: 
infrequent, but possible: depression of appetite (in contrast 
to voracious appetite ordinarily encountered with other glu- 
cocorticoids; mood depression (most common corticosteroids 
may cause euphoria); mild early diuresis making edema 
uncommon (common glucocorticoids cause sodium retention 
and edema); myopathy with muscle weakness involving 
thighs, pelvis and lower back (may occur more frequently 
than with other corticosteroids). General glucocorticoid ef- 
fects: Cushingoid changes such as: acne, flushing, moon 
face, hirsutism, etc.; endocrinologic effects such as amenor- 
rhea, menstrual irregularity, aggravation of pre-existing 
and/or precipitation of latent diabetes mellitus; skeletal 
changes such as osteoporosis, spontaneous fractures, aseptic 
necrosis of hip, humerus, and metacarpals; psychic disturb- 
ances, insomnia, headache, increased intracranial pressure 
with papilledema (pseudotumor cerebri), convulsions; ex- 
ophthalmos, inereased intraocular tension, subcapsular 
cataracts; peptic ulcer with possible perforation and hem- 
orrhage; ulcerative esophagitis; thromboembolic disease, 
ecchymoses, purpura, leukopenia; negative nitrogen bal- 
ance; hypertension; and rarely, necrotizing angiitis and 
acute pancreatitis. These systemic effects are unlikely to oc- 
cur when drug is used as recommended, 


e LEDERLE LABORATORIES, A Division of American Cyanamid Company, Pearl River, New York 10965 


651-2 





x 


ANNALS OF SURGERY 


Vol. 175 


May 1972 


No. 5 





Presidential Address 


Metamorphosis in Medicine—For Better or for Worse 


Epwarp F. Parker, M.D. 


From the Departments of Surgery of The Medical College of South Carolina 
and Roper Hospital, Charleston, South Carolina 


Tue fields of American Medicine and Sur- 
gery are presently under attack as never 
before. One hears or reads, all too com- 
monly, statements which indicate that Na- 
tional Health Insurance is inevitable, or that 
health care can no longer be provided by 
solo practice, or that our health care system 
is inadequately geared to provide for the 
real needs of real people. Many other exam- 
ples degrade the quality and character of 


‘the practice of medicine today, but the 


above will suffice. It is my purpose to re- 
view the nature of these attacks, to examine 
their validity, and to review some of the 
proposed solutions to the real or fancied 
problems. Futher, I have mustered the cour- 
age and temerity to offer observations and 
recommendations to be considered by the 
members of this venerable Association, by 
the medical profession at large, and by the 
political and nonpolitical laity. 


Presidential Address—Southern Surgical Asso- 
ciation, Hot Springs, Virginia—December 6, 1971. 
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Many of the statements are based on 
inaccurate or improperly interpreted data. 
Others would appear to reflect merely the 
desire or near obsession of some politicians 
and other liberals to expand the role of the 
federal government to provide medical care 
for the entire population. Of course, this 
would represent the imposition of socialism 
on the American public, at least in the prac- 
tice of medicine, with centralized planning, 
control by bureaucracy, loss of physician 
choice by the patient, and elimination of 
the fee-for-service method of payment. 

It is time that our pluralistic system of 
medical care service be defended with truth 
and vigor. Generally, doctors profess to be 
too busy with professional matters to be- 
come involved in the" political arena with 
crucial matters which concern the practice 
of medicine, and therefore the health of the 
public, now under discussion. Admittedly, 
most doctors are busy, but we are con- 
fronted with the astounding fact that an 
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astonishing number of people who know 
nothing about the practice of medicine are 
trying to decide and dictate how it should 
be practiced. It is evident that unless doc- 
tors emerge from their professional isola- 
tionism, the result may be distinctly ad- 
verse, not only from the standpoint of doc- 
tors, but more importantly from the stand- 
point of the public. 

Our system of practice has been asso- 
ciated with the greatest advance in the 
body and complexity of medical knowledge 
and its practical application, ever known 
to man. What then, has precipitated this 


barrage of attacks, and the accompanying ` 


flood of proposals for radical changes in the 
manner in which this knowledge is to be 
practiced and financed? 


Foremost may be the complaint that 


there is a critical shortage of doctors. Ac- 
tually, there are approximately 325,000 
physicians in the United States, represent- 
ing approximately one physician for each 
630 persons. In contrast, Britain and France, 
in which the populace enjoys the alleged 
benefits of a National Health Program, there 
is one physician for every 900 persons. 

Of the 325,000 physicians in this country 
it is charged that only 200,000 are engaged 
in office-based practices. Little mention is 
made of the others, many of whom are also 
involved in providing primary medical care. 
They include doctors engaged in industrial 
medicine, military medicine, public health, 
medical education, research, and hospital 
administration. It would be extremely short- 
sighted to overlook the magnitude of their 
services. Actually, they are indispensable to 
many people such as those in the military 
services, who do not have access or need 
access, to doctors in office-based practice. 

It has been claimed that the United States 
is approximately 50,000 doctors short of fu- 
ture requirements, yet this assertion was 
based upon the assumed growth in popula- 
tion of 2% per annum. Actually in 1968, 
the census bureau reported a growth of 
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only 1%. Obviously the figure of 50,000 is 
already inaccurate. 

Between 1950 and 1970, the physician 
population has almost doubled, even though 
the general population increased by only 
one third. There has been an increase of ap- 
proximately 40,000 doctors since 1965. The 
number of students entering medical schools 
this year represents almost a 40% increase 
over the number entering as recently as 
1965. These facts certainly refute any charge 
made hy irresponsible politicians that the 
A.M.A. or any other body has attempted 
to maintain a monopoly on medical practice 
or to restrict its availability. 

Yet, it is true that there is a shortage of 
doctors, especially in rural towns and urban 
slums, of which there is ample evidence. 
The fact that people at times cannot find a 
doctor, unquestionably accounts for the in- 
creased use of emergency rooms throughout 
the country. Even so, with the modes of 
transportation in use today, medical facil- 
ities and personnel are available, to all who 
seek them, with rare exceptions. 

A maldistribution of doctors has been 
another complaint. Medicine has become 
much more scientific in the past 30 years, it 
has grevitated toward specialization and 
veered away from general practice. The 
factors which determine the choice of a 
location to practice have been the availabil- 
ity of a hospital with adequate facilities to - 
permit practice in accordance with the prin- 
ciples learned in medical school, together 
with economic opportunity and a desirable 
environment for the family. As a result, very 
few doctors settle in rural areas, small towns 
or inner cities. There is no reason to believe 
that these factors will change or should 
change. But certainly more Americans have 
been receiving more and better care than 
ever before in the history of the nation. 
There is no basis for any claim that there 
is a “health care crisis” in this country. 

An additional complaint is the high cost 
of medical care. According to figures cited 
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by the Department of Public Welfare in 
South Carolina, only 9% of the entire costs 
of the Medicaid Program are paid to doc- 
tors. For the nation, only 12% of the costs 
of Medicare have been paid to doctors. 

The enemies and critics of private medi- 
cine infer that some factor in private prac- 
tice causes the costs of medical care to be 
increased continually, In the 12 years prior 
to 1968, the average annual increase in 
physicians’ fees was 3.7%; the average an- 
nual increase in general was 4.296. 

Major increases in the cost of medical 
care have not been due to charges of physi- 
cians, but mainly to increased cost of hos- 
pital care. The rises in hospital costs have 
been directly related to the inflationary 
- policies of the federal government, since 
the days of Franklin D. Roosevelt and his 
Socialistic cohorts and advisors such as 
Henry A. Wallace and Wilbur J. Cohen. 
When hospitals became subject to the min- 
imum wage laws, the costs increased 
Sharply. The increase in remuneration to 
non-skilled workers has contributed tre- 
mendously to the oft quoted cost per pa- 
tient per day. Until recent years, the skilled 
professional staff of nurses, interns and 
residents was definitely underpaid, and it 
is hardly justifiable to claim that the award 
of appropriate salaries to them has repre- 
sented any economic felony. Hospitals are 
also purchasers of a tremendous non-med- 
ical range of goods, all of which have in- 
creased in cost. Scientific advances have re- 
quired the acquisition of an increasingly 
large number of expensive and complicated 
mechanical and electronic devices for the 
study and treatment of disease. The gov- 
ernment and the public would be the first 
to complain if hospitals did not possess such 
equipment. The cost and character of such 
equipment makes it entirely impractical for 
an individual doctor to own or to lease for 
use in his office, much less transport to a 
patients home. Paradoxically, it is of in- 


P. terest to note that labor has been the most 


vociferous objector to the increasing cost of 
illness and hospitalization. Yet much of the 
increase has been due to a considerable rise 
in wages for non-professional workers as a 
result of strikes by non-professional hospital 
employees in recent years, as well as de- 
mands by labor in Congress for increased 
minimum wages for all hourly-paid workers. 
Possibly the labor unions have forgotten 
that they were unable to control success- 
fully their own medical and welfare pro- 
grams in the 50s and 60's and ultimately 
had to sell all of the hospitals they owned 
in Kentucky and West Virginia. The pro- 
ponents of all medical care under federal 
government sponsorship apparently over- 
look the fact that private patients who pay 
their own bills, either directly or through 
private insurance, in non-federal hospitals 
have an average stay of 8 days. In contrast, 
the average stay of a patient in a U. S. 
Public Health Service Hospital is 18 days, 
and the average stay in a Veteran’s Admin- 
istration Hospital is 22 days. 

It is a paradox that the acceptance of 
Medicare patients in a participating hospital 
has actually driven up the cost per patient 
per day to other patients, by virtue of 
Medicare policy of compensating hospitals 
only for actual care costs. Since the allowed 
costs do not include legitimate items as 
maternity and pediatric services, nor de- 
preciation for maintenance of its physical 
plant and equipment, many participating 
hospitals have lost money on Medicare pa- 
tients. It is interesting that government in 
its zeal to assist the aged, has made hos- 
pital costs more expensive for others. 

Despite increased federal government 
partictipation in the practice of medicine 
since the advent of Medicare and Medicaid, 
the per capita expenditure for medical care, 
according to a Social Security Bulletin for 
January 1971, was $172.36 per year. If one 
acknowledges that the increase in total costs 
for all Americans between 1960 and 1970, 
is partly accounted for by an increase in the 
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population by 22,000,000 and by very sig- 
nificant inflation, it is apparent that the 
United States citizens siill enjoys a bargain 
in medical care. 

It is truly remarkable that the foes of 
private practice rashly criticize the im- 
proved methods of medical care available 
to the citizens of this country in the last 50 
years. A significant factor has been increas- 
ing support of research by government until 
recent years, and it should be apparent to 
rational minds, that continued support of 
research without tampering with the system 
of medical care, would likely be followed 
by another period of gratifying advances. 

The high quality of the practice of medi- 
cine in the United States is recognized 
throughout the world. Postgraduate train- 
ing in this country is sought by numerous 
. graduates of foreign medical schools. The 
number of graduates in this country seeking 
postgraduate training in other countries is 
miniscule. Any claim that medical care in 
this country is of a low quality, is surely 
unfounded. | 

However, there is little that could not 
stand improvement, and it is agreed that 
the availability of medical care to the poor 
could be improved; but there is no reason 
to believe that it could be better adminis- 
tered or financed on the federal level than it 
could be administered on the state, county, 
or municipal level, as currently practiced 
in numerous areas throughout the nation. 

There are other miscellaneous criticisms, 
such as the claim that there is too much 
emphasis on treating the sick, and not 
enough on preventing disease. How can 
more be done now without better public 
education, increased knowledge of causes 
of degenerative diseases and genetic de- 
fects, and without methods of controlling 
overindulgence by some in eating, smoking 
tobacco, drinking alcohol, drug abuse, or 
driving automobiles too speedily and reck- 
lessly. Despite years of extensive public 
educational programs sponsored by such 
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Am Oy; toot 
organizations as the National Tuberculosis 
and Respiratory Disease Association, the 
American Cancer Society, and others, the 
sick still do not seek medical advice and 
treatment soon enough. The well could 
hardly be expectéd to perform better. 

As an answer to the alleged deficiencies 
in the present system of medical practice, 
hosts cf politicians and others are promot- 
ing new and expansive programs generally 
grouped under the term “National Health 
Insurance.” 

Those in favor of national health insur- 
ance seek a higher level of health for the 
population. One is reminded that Kamp- 
meier recently stated that “our people and 
lawmekers cannot understand that good 
health and cure of disease cannot be prom- 
ised.” They have taken no heed. They also 
claim to seek geographic and financial ac- 
cess to care for all, without realizing that 
medical care alone cannot compensate for 
inadequate income due to lack of skills, 
poor housing, lack of education for guid- 
ance in spending resources for nutrition and 
sanitation, or for environmental problems 
such as air pollution. They also seek a 
higher priority for economy in the rendition | 
of medical care and more coordination of 
medizal services, while they forget that in 
all hospitals including private hospitals | 
which are not recipients of any monies | 
from tax sources, economy is stressed con- 
tinuall. As for coordination, they forget 
that no one yet has shown that a patient 
receives any better care under a group prac- 
tice arrangement than under a solo-type 
practice with referral to proper consultants 
when indicated. Better coordination of med- 
ical services is also meant to avoid duplica- 
tion of facilities and personnel, and under 
many actual and proposed comprehensive 
health planning laws, competition is to be 
eliminated. Apparently it is forgotten that 
healthy competition is the salvation of the 
consumer, be it in medical care or in other 
goods and services, and it is certain that 
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the public is the beneficiary of competition 
among doctors and competition among hos- 
pitals. 

They also seek comprehensive coverage, 
and elimination of personal financial catas- 
trophe risk through illness, regardless that 
three ‘of every five people in the nation 
under age 65 with private health insurance 
protection own some sort of catastrophic 
coverage; that insurance companies and 
other prepaid group plans provide major 
medical coverage and other forms of ex- 
tended protection, to a total of 109 million 
persons. The vast majority of the others 
have access to medical care now through 

governmental programs already in existence 
at the federal, state, county, or municipal 
levels, chiefly the last. 


Proposals 


The major legislative proposals for some 
type of national health insurance being in- 
troduced now number at least nine. 

Among those receiving the most attention 
to date have been The National Health In- 
surance Partnership Plan of the Nixon ad- 
ministration, The Health Care Insurance 
Assistance Act as endorsed by the A.M.A., 
and the Health Security Act also known as 
the Kennedy-Reuther Bill. 

Under the Nixon plan, employers would 
be required to provide comprehensive 
health insurance for their employees, utiliz- 
ing insurance available from private com- 
panies. The plan would also promote the 
Health Maintenance Organization (HMO), 
which may be described as a medical care 
plan which inculcates the loss of right of 
choice of private physician, and abolition 


of the fee-for-service. The scheme would | 


provide all medical care, therapeutic and 
preventive, in return for a prepaid fixed 
annual fee, at presumably less cost. How- 
ever, such groups are having their own 
troubles holding down costs. Kaiser-Per- 
manente is still raising rates. Effective uti- 
lization of the professional staff is in jeop- 


ardy. Dr. Sidney R. Garfield has stated: 
"Only after years of costly experience did 
we discover that the elimination of the fee 
is as much a barrier to early sick care as the 
fee itself... . The usurping of doctors’ time 
by healthy people actually interferes with 
the care of the sick." One cannot fail to 
make the observation also that in a prepaid 
group practice on a capitation basis, the 
need for profit may result in failure to treat 
a patient. Also as part of the Nixon pro- 
gram, there is a Family Assistance Plan, 
which would provide a guaranteed min- 
imum annual salary for not working even 
if one were able to do so. Unquestionably 
the Family Assistance Plan would under- 
mine the well-being of this nation, and the 
entire Nixon plan should be defeated. 

The A.M.A. endorsed program “Medi- 
credit” would be available on a voluntary 
basis to all citizens under 65. It is designed 
to remove financial barriers that prevent the 
poor and near poor from obtaining compre- 
hensive health insurance. The estimated 
cost for this program varying from $12 to 
$15 billion dollars, is less than the others, 
but still excessive. 

The Kennedy-Reuther bill would be com- 
pulsory for everyone, and would provide vir- 
tually unlimited coverage. This bill would 
require a National Health Security Board 
with regional and local extensions. The 
adoption of any plan which calls for the 
establishment of such a monstrous bureauc- 
racy to administer it is wasteful and wrong, 
and the cost in this plan is prohibitive. 

All of the other plans also provide for 
nationalization of medical care to a greater 
or lesser extent. It is appropriate at this 
point to review experiences of foreign coun- 
tries with government health programs. In 


general, in Europe, these have been char- 


acterized by overcrowding, inadequate and 
frequently outdated facilities and equip- 
ment, shortage of personnel, impersonal at- 
tention, lack of privacy, and long waiting 
lists for admission to governmental hospitals. 


620 PARKER 


Hospitals in England have been so 
crowded that patients would have to climb 
over each others beds or over the foot of 
the bed. Bathroom facilities axe frequently 
inadequate. After 1948, when the British 
Health Service was inaugurated, there 
were no new hospitals built in England 
until 1962, and very few have been built 
since then. À report of distinguished physi- 
cians and surgeons recently stated that ade- 
quate emergency facilities were available in 
only 30% of Britain's hospitals. The number 
of patients awaiting admission was esti- 
mated to be one half million. It has also 
been reported that the waiting time for a 
patient to have the tonsils removed was 10 
years. 

In Britain the cost of the National Health 
Service is now seven times what it was 
estimated to be. When one discounts infla- 
tion, this is still three times what its pro- 
ponents claimed it would be. Increase in 
costs has not been due to any increase in 
Goctors fees and certainly not to be the 
expense of building hospitals, but to in- 
creased operating costs of the bureaucracy 
necessary: to administer such a system. 

More and more Britons are now seeking 
medical care outside the National Health 
Service. A pool taken 15 years after Na- 
tional Health Service was instituted, showed 
that 87% of the people, including almost 
as many Laborites as Conservatives, op- 
posed universal and compulsory socialized 
medicine. At present, Private Patients Plan, 
a non-governmental medical plan, has over 
150,000 subscribers, and the British United 
Provident Association, a similar plan, has 
enrolled over 2,000,000 subscribers. They 
seek the convenience and quality of private 
medical care even though they have to con- 
tinue to support the government program. 

It has been reported that approximately 
25% of the graduates of Britain's medical 
schools are now emigrating each year, and 
that many a British medical student picks 
up his diploma and his airline ticket on the 
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same day. Fewer students are studying 
medicine in England now than before 
World War II. England had 44 thousand 
physicians before instituting socialized 
medicine, and now has only 23 thousand 
physicians. By reasonable standards, one 
would have to class socialized medicine in 
England as a failure. 

Also on the Continent, ‘hers have been 
the sarme problems of shortages of person- 
nel and overuse. 

In France the health fund is operating 
with an increasing deficit each year. 

In Germany there is a shortage of hos- 
pital beds—hardly a surprise, when one con- 
siders that the average stay in the hospital 
is 24 davs, compared to 8 days in the United 
States in a non-federal hospital. 

In Sweden, nationalized health care has 
driven up costs and driven out physicians. 

After a lengthy study by the staff of the 
Philadelphia Inquirer a few years ago it 
was stated, "None of the European systems 
studied offered substantial incentive to doc- 
tors to do a superior job. Many of them, in 
fact, reward inefficiency." 

In addition to the legislative flurries in- 
tended :o alter the character of medical 
practice in this country there has been an- 
other activity centered around the Founda- 
tion for Medical Care. 

Historically, medical care foundations 
were established to protect private practice 
on a fee-for-service basis from extensions of 
the Kaiser-Permanente system of prepaid 
comprehensive salaried group practice. This 
happened in California and apparently the 
development was considered successful be- 
cause the development of foundations has 
spread across the country. 

The basic purposes of a Foundation for 
Medical Care are to preserve the freedom 
of choice for both patient and physician, to 
preserve the physician-patient relationship, 
and to plan for medical care for all citizens 
to be available in good quality at reason- 
able cost. The usefulness of a Foundation 
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remains to be seen. To date, it has been 
intended mainly as a device to keep the 
control of peer review under the control of 
physicians. 

Concerning peer review, the federal gov- 
ernment has stated that it will not deal 
with Medical Societies in this matter, and 
whereas the membership in a Foundation is 
virtually one and the same as the member- 
ship in a state or local medical society, it 
would seem to be rather naive to believe 
that the government will deal with the 
Foundation except on the governments 
terms. It is ridiculous to think that doctors 
can set their own fees if the nation's health 
is subsidized extensively by federal money. 

So far, it has been easy to recite and 
reply to many of the questions about the 
private practice of medicine and surgery 
as we know it today. At present, it is a 
pluralistic system which has evolved be- 
cause it has filled the needs of the public, 
and has filled them effectively. But needs 
will change as surely there is no life with- 
out change. The phthisiologist of 50 years 
ago or longer exists, and certainly no one 
could have foreseen the scope of the cardio- 
vascular surgeon of today. These are but 
two examples of changes too numerous to 
list. Since we know there will be change, 
the question is whether it will be for better 
or for worse. 

It is complained that the medical pro- 
fession is always opposing change. This is 
not true. We are always seeking for the 
better. Is it shameful to oppose changes 
that will lead to impairment of the quality 
of medical care available to the public? Is 
the everlasting tendency toward depend- 
ency on the federal government progress or 
regress? Should we profit by the experience 
of foreign countries with nationalization of 
medical care? 

The problems of medical care in this 
matter can be solved by continued examina- 
tion of its multiple aspects, and methods of 
practice can continue to evolve in a logical 


manner. There is no reason to believe that 
a sudden and radical transformation of the 
entire medical care system is indicated. 
Among the problems needing continued ex- 
amination are the following: 

Premedical education warrants continued 
study. Does one need 4 years of college 
education to qualify for admission? Should 
there be a lowering of standards for admis- 
sion for those in the so-called minority 
groups? Certainly we should insist that ad- 
mission to medical school be based on char- 
acter, motivation, scholastic attainment, and 
scientific excellence, and not on social con- 
sciousness or class. 

Medical education needs to be under con- 
tinued scrutiny. The present trend toward 
the allotment of increasing time for elective 
courses at the student's will, after comple- 
tion of the so-called core courses, is open to 
serious question. Just as it has been gen- 
erally agreed for years that the specialist in 
any of the multiple phases of surgery needs 
first a broad training in basic general sur- 
gery, so it is believed that the medical stu- 
dent of today, more than ever, needs a 
broader exposure to all aspects of medical 
science than we are inclined to give as 
requisites in our presently permissive cur- 
ricula. 

Graduate medical education for many 
now constitutes an equal or larger half of 
the education of the physician, especially 
for one in any phase of surgical practice. 
Our residencies and fellowships must be 
surveyed repeatedly to maintain their 
worthiness. | 

Postgraduate medical education must be 
encouraged more than ever to insure that 
the quality of medical care dispensed by 
the profession at large is maintained at a 
level of great proficiency. No doubt the en- 
rollments in postgraduate courses, and the 
results of the Surgical Education and Self- 
Assessment Program of the American Col- 
lege of Surgeons, and similar programs, will 
influence decisions on future needs. 
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The existing shortage of doctors should 
be corrected, and we should seek further 
financial support for scholarships for deserv- 
ing students, salaries for teachers, schools 
for registered and practical nurses and para- 
medical personnel, and research. 

The uneven distribution of doctors needs 
to be examined further. With the available 
modern modes of transportation, why should 
not the patient be expected to come to the 
doctor? One might even ponder the future 
use of the helicopter. It has certainly proven 
its worth in battle. In civilian life, its use 
in dire emergencies has already been of in- 
calculable value in saving life, and no doubt 
it will become increasingly practical in 
time. 

The matter of enticing doctors to practice 
in rural towns or in urban slums is a diffi- 
cult one. It will not come to pass unless all 
of the ancillary facilities needed for practice 
are conveniently available and practice is 
made economically attractive. In this re- 
gard, a town may create a foundation to 
support a medical student through long- 
term loans in exchange for his agreement to 
settle and practice there after the comple- 
tion of training, with provision for repay- 
ment when his remuneration from practice 
makes it possible. This is actually no dif- 
ferent from the subsidization of medical 
students by the Military Services, in return 
for later service, that we have known for 
years. This was also the practice of the 
Commonwealth Foundation in former years 
in Tennessee and Kentucky. The doctor gets 
needed support and the community gets a 
doctor with concomitant return of its invest- 
ment in money and in service. No doubt a 
similar type of plan could be devised for 
an urban slum, with financing through a 
private foundation, or a city or county gov- 
ernmental agency. 

The efficacy of physicians assistants 
needs to be evaluated. Of course, nurses 
have served admirably in this capacity for 
years, In view of the shortage of nurses, 
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it is most logical that others should be 
trained to serve also, especially in capacities 
requirinz varying degrees of technological 
skill. 

The hospital as the main source for med- 
ical care in the future is an intriguing sub- 
ject. Will the technical aspects of medical 
care in hospitals ever attain a degree of 
dominance which will be dictated by eco- 
nomic considerations only? 'This is true, 
presently, in some phases of medical prac- 
tice. But who can foresee all the potential- 
ities of telemetry, or of automated multi- 
phasic screening programs? 

The hospital emergency room, presently 
serving as an outpatient clinic by day and 
by night in many cities, offers a tremendous 
potential for providing more readily ac- 
cessible medical care to the public. The 
formation of the American College of Emer- 
gency Physicians is a most interesting de- 
velopment. What minimum standards of 
training should be required for members 
of this new specialty? What role shall the 
new specialist in Family Practice play in 
this setting? No doubt these questions will 
be answered in appropriate time, in the best 
interest cf the patient. 

The public must be taught to realize that 
medical education and medical care are 
expensive and will continue to be so. 

Further, we should seek increasing repre- 
sentation by doctors on the governing 
boards of hospitals. 

In closing, basically, our problems are 
twofold: first is the definition of health; 
second is the method to be invoked to cover 
its cost. It is remarkable to state that there 
is no complete agreement on the definition 
of health. If the definition of health is ac- 
cepted to be a state of mental, physical and 
social well-being, and a fundamental right 
of every citizen of the United States, it is 
apparent that we cannot promise or fulfill 
it no matter what method of practice or 
payment were to be invoked. If we accept 
the definition of health to be a state of 
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physical and mental well-being, with free- 
dom from disease and infirmity, to which 
every citizen of the United States should 
have equal access, then we have a practical 
goal which the medical profession in its 
compassion for mankind can reasonably 
fulfill, provided the task is left for those 
who are qualified to devise the methods, 
assess the results, and plan improvements 
accordingly, 

In summary, I quote in part a well known 
lay writer (Schwartz): 

“In an area of increasing and justified dis- 
enchantment with the government, it is 
astonishing that so many well-meaning and 
intelligent reformants essentially want to 
nationalize American medicine. One would 
have thought that the postal and public 
school systems would have taught them 
long ago that nationalization does not mean 
efficiency. Based on the record of the past, 
we have every reason to suspect that if the 


revolutionary proposals for transforming 
American medicine are adopted and im- 
plemented, medical care in this country will 
cost more while providing less satisfaction 
and poorer treatment for millions." 
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Modified Radical Mastectomy 
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IN THE SURGICAL treatment of cancer of 
the breast, the classical radical mastectomy 
based on the principles established by Hal- 
sted,? Meyer,” and Handley (W. S.) * is 
generally considered the preferred method. 
However, Patey ** ?* suggested that equally 
satisfactory results were obtained if the 
pectoralis major muscle was preserved. 
Similar observations were subsequently 
made by Handley (R. S.) * following the 
use of the Patey operation. Also Crile € and 
Auchincloss * each have emphasized a con- 
servative surgical approach. 

In the present study an analysis is made 
of the results obtained in the treatment of 
cancer of the breast by a modified radical 
operation in which a total mastectomy and 
complete axillary dissection are done with 
preservation of both the pectoralis major 
and minor muscles. The technic for the per- 
formance of this operation has been de- 
scribed in detail in a previous publication. 


Historical Considerations 


The modified radical mastectomy is not 
a new operation. Moore ?! described it well 
over 100 years ago (1867). In fact, the de- 
scription of the operative procedures of his 
day are currently of interest in our own. 
"Sometimes the tumor only is removed; 
sometimes the segment of the breast (where 


Presented at the Southern Surgical Association 
Meeting held at Hot Springs, Virginia, December 
6-8, 1971. 

* By Invitation. 

+ Present address: Hospital Laval, 2725 Chemin- 
Ste-Foy, Quebec 10, P.Q. Canada. 


624 


the tumor lies) is taken away . . .; some- 
times . . . the entire mamma.” However, 
he empkasized that: “Mammary cancer re- 
quires the careful extirpation of the entire 
orgar." 

Ths tenets proposed by Moore for the 
removal of the breasts are equally accept- 
able today. "In the performance of the op- 
eration -t is desirable to avoid, not only 
cutting into the tumor, but also seeing it.” 
It was further stated: "Diseased axillary 
glancs should be taken away by the same 
dissection as the breast itself, without divid- 
ing the intervening lymphatics.” Accord- 
ingly Moore performed axillary dissection 
selectively rather than as a routine pro- 
cedure. It is of interest to observe that this 
surgical principle, established so long ago, 
is the same as currently advocated by Crile.® 

Volkmann ?' (1895), followed the dictates 
of Moore and was opposed to the perform- 
ance of a partial amputation. Instead he 
advissd total removal of the breast regard- 
less cf how small the primary tumor might 
be. The pectoralis major muscle was pre- 
servel as the “floor”; however, the neces- 
sity for excision of the pectoralis fascia was 
stressed. Also, where the axillary lymph 
nodes were "diseased," they were removed. 
This was referred to as a "cleaning of the 
axilla" However, if the supraclavicular 
nodes were invaded, operation was not ad- 
vised. Clinical data were given on 26 pa- 
tients operated upon between September 
1871 and November 1873. In 5 (19.2%) a 
total mastectomy alone was performed and 
in each of the remaining 21 (80.8%) pa- 
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tients a total mastectomy was combined 
with an axillary node dissection. In seven 
(26.9% ) of the 26 patients the Lister anti- 
septic technic was used. 

Gross !? (1880) in the United States, like 
Volkmann in Germany, was a staunch sup- 
porter of the concepts expressed by Moore. 
He advised the removal of: *. . . the entire 
breast and its coverings by a circular in- 
cision . . . dissect off the fascia of the pec- 
toralis muscle and prolong the outer por- 
tion of the incision into the axilla with a 
view to its thorough exploration.” If there 
were secondary tumors in the axilla, Gross 
stated: ". . . the axillary space must be 
thoroughly cleaned out... ." Total mas- 
tectomy and concomitant "cleaning out" of 
the axilla was performed in 19 (39.896) of 
48 patients treated for mammary cancer. 
All wounds were left open to heal by sec- 
ondary intention. 

Banks? (1882) of England reported the 
use of the modified radical mastectomy in 
46 patients. Relative to dissection of the 
axilla he stated: "As you cannot tell whether 
these glands are infected or not, remove 
them and dissipate the doubt" Again, he 
stated: “. . . even the highest ones (axillary 
nodes) can readily be brought down from 
the very top of the cavity. . . ." In no in- 
stance had he “. . . yet found occasion for 
dividing the pectoral muscles. . . .” 

Sprengel% (1882) reported the results of 
the operations performed for breast cancer 
in 131 patients that were treated in the 
Volkmann Clinic during the period between 
1874 and 1878. Again the importance of 
always removing the whole breast was 
stressed. When the axillary nodes were af- 
fected, the axilla was "cleaned out" (clini- 
cal staging). If on clinical examination the 
axillary nodes were not palpable, then at 
the time of operation, *. . . the axilla was 
opened in order to ascertain the true diag- 
nosis’ (operative staging). In the 131 pa- 
tients treated, a total mastectomy alone was 
done in 29 (14.596) and in the remaining 
102 (77.8%) patients a complementary 


axillary node dissection was performed 
(modified radical). 

Küster," in 1883, is believed the first to 
emphasize the importance of routine dis- 
section of the axillary nodes in conjunction 
with total mastectomy in the treatment of 
breast cancer. This was advised even though 
". . . the axilla still appears to be healthy." 
In 132 patients with cancer of the breast, 
117 (89.1%) were so treated. This series 
was begun in May 1871 and continued to 
December of 1882. Accordingly, the initia- 
tion of this study preceded that of Volk- 
mann?' by 4 months, but differed in that 
Kiister performed a complementary axillary 
dissection routinely whereas Volkmann did 
the same only when the nodes were pal- 
pable. In the discussion of Kiister’s presen- 
tation," Gussenbauer, von Langenbeck, 
and von Winiwater were each in agree- 
ment that a routine axillary dissection 
should be done in all patients regardless of 
the presence or absence of palpable nodes. 
However, Gussenbauer also advised: ^... 
an extirpation of the supraclavicular nodes 

. when the condition demanded it." 

In 1894, Halsted '? and later in the same 
year, Meyer, reported their individual 
technics for the surgical treatment of can- 
cer of the breast. Initially Halsted removed 
only the pectoralis major muscle concomit- 
ant with axillary node dissection. The pec- 
toralis minor muscle was transected for 
technical expediency in doing the dissec- 
tion of the axilla and then resutured. Sub- 
sequently he was in complete conformity 
with the concept of Meyer that both mus- 
cles should be removed routinely. This 
principle rapidly became the universally 
accepted standard for the operative treat- 
ment of cancer of the breast; and remained 
so until the recent interest in the re-dis- 
covery of the varied conservative methods 
of surgical management. 

Murphy,?? in 1912, said that he had aban- 
doned the operation of Halsted for cancer 
of the breast and instead followed the prac- 
tice of not removing the pectoral muscles. 
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TABLE 1. Modified Radical Mastectomy— 
1958-1968; 94 Patients— 


Age* and Sex Incidence 

Years Men Women Total 
20-29 0 0 0 
30-39 2 2 
40-49 0 19 [———19 
50—59 0 26 91 26 
60-69 0 25 (96.8%) 25 
70-79 1 20 La J 
80-89 0 1 1 

Total 1 93 94 


* Age: Youngest 30 yr.; Oldest 85 yr; Aver. Age: 
59.5 yr. 


This practice was based on what was stated 
as the original report by Bryant of London, 
^.» . who had seen but one case of recur- 
rent carcinoma in the pectoral muscles in 
an experience extending over forty years.” 
Subsequently, Grace? (1937) advocated to- 
tal mastectomy alone but this recommenda- 
tion lay fallow until the report of Mc- 
Whirter!? which stimulated a widespread 
renewal of interest in this procedure. 

Subsequent to Patey,?? it was Holman,!? 
also of England whose experience sup- 
ported the concept of Murphy that little is 
gained by routine sacrifice of the pectoral 
muscles. He stated: "For many years, in 
nearly all Stage-I cases and in an increas- 
ing proportion of Stage-II cases, I have 
practiced an operation which removes the 
breast . . . together with the axillary glands 
but preserves the pectoral muscles." Be- 
tween the years 1930 and 1942 there were 
53 Stage-I and 106 Stage-II patients who 
were so treated with an 83 per cent and 42 
per cent 5-year survival rate, respectively. 

A review of the preceding serves to con- 
firm the Biblical quotation: “. . . there is 
nothing new under the sun." It is apparent 
that all of the "new" present day concepts 
relative to the surgical management of 
breast cancer were in popular vogue a cen- 
tury and more ago. 
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Clinical Study 


During the 10-year period, from Decem- 
ber, 1958 to December, 1968, the modified 
radica! mastectomy, with preservation of 
both pectoral muscles, was performed in a 
consecutive and unselected series of 94 pa- 
tients. All except one of the patients were 
women, The youngest patient was 30 and 
the oldest 85 years of age. The average age 
was 50.5 years. Two (2.1%) patients were 
in the fourth decade and 1 (1.196) in the 
ninth. The remaining 91 (96.8%) were al- 
most squally distributed throughout the 
fith, sixth, seventh, and eighth decades 
(Table 17. ; 

Seventy-five (79.7%) of the patients, or 
approximately four of every five patients, 
were without symptoms. In the 19 (20.3%) 
patien-s with symptoms, pain was the com- 
plaint in 14 (73.796) and in the remaining 
five (26.396) patients it was a nipple dis- 
charge. A self diagnosis was made by 54 
(72.0% ) of the 75 patients without symp- 
toms. Therefore, in only about one of every 
four patients was the diagnosis made by a 
physic-an. 

In 43 (51.1%) patients the tumor was in 
the right breast and in the remaining 46 
(48.995) it was in the left breast. The lo- 
cation of the tumor was in the lateral or 
outer half of the breast in 62 (66.6%) pa- 
tients, the central area in 16 (17.295), and 
the inner or medial half in 16 (17.2%) pa- 
tients (Table 2). In 53 (56.3%) patients 
the tumor was 3 cm. or less in diameter and 
in the remaining 41 (43.7%) patients it 
was in excess of 3 cm. 

In the 62 patients with lesions located in 
the lateral half of the breast, 32 (51.696) 
had m3tastases to the axillary nodes. Three 
(18.795) of the 16 patients with lesions in 
the medial half of the breast and 10 
(33.395) of the 15 patients with central le- 
sions had "positive" axillary nodes. In the 
total o? 93 patients available for study, ap- 
proxircately one of every two had axillary 
nodal metastases (Table 2). 


MODIFIED RADICAL MASTECTOMY 


TABLE 2. Modified Radical Mastectomy—1958-1968; 3 Yr.—13 Yr. Follow-up— 








Location Axillary Nodes 
in 
Breast No. Study Pos. Neg. 
Medial half 16 16 3 13 
(17.2%) 
Lateral half 62 62 32 30 
(66.6%) 
Central 16 15 10 5 
(16.2%) 
94 93 45 48 
(98.9%) (48.4%) (51.6%) 


Prognosis in Relation to Location of Tumor 
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Alive Alive Died of 
and with Died of Other 
Well Disease Disease Causes 
10 0 3 2 
(62.6%) (0.0%) (18.7%) (18.7%) 
28 2 24 8 
(45.2%) (3.2%) (38.7 %) (12.9%) 
6 0 5 4 
(40.0%) (0.0%) (33.3 %) (26.7 %) 
44 2 32 15 
(47.4%) (2.1%) (34.4%) (16.1%) 


In 34 (36.2% ) patients the axillary nodes 
were palpable, and in 28 (82.4%) metas- 
tases were present. In the remaining 60 
(68.8% ) patients the axillary nodes were 
not palpable and in 42 (70.0%) they were 
“negative” (Table 3). Accordingly, when 
the axillary nodes were palpable, they were 
"positive" in approximately four of every 
five patients. Conversely when they were 
not palpable, the nodes were “negative” in 
almost the same proportion. Therefore, the 
incidence of error on clinical examination 
relative to false "positive" and false "nega- 
tive" nodes approximates 25%. 

Skin grafts (split thickness) were ap- 
plied at the completion of the primary op- 
eration in two (2.1%) of the 94 patients. 
Secondary or delayed grafting was per- 
formed in four (4.396) patients. Wound 
healing in the remaining 88 (93.8%) pa- 
tients was by primary intention. 

Radiation therapy was not used in any 
patient as a prophylaxis after operation 
even though metastases to the axillary 
nodes were present. Its use was therapeutic 
and reserved solely for those patients in 
whom there were local skin, chest wall or 
regional node recurrences. Chemotherapy 
was not employed in any patient, either 
complementary to the operation or for the 
treatment of recurrent disease. 


Bilateral adrenalectomy was performed 
for recurrent disease in 15 (15.9%) of the 
94 patients. The average age was 58.4 years 
and the interval between mastectomy and 
adrenalectomy averaged 19.3 months. None 
of the patients are alive. The average sur- 
vival time was 10.8 months. 


Results of Study 


Ninety-three (98.995) of the 94 patients 
were available for study. The minimum pe- 
riod of follow-up was 3 years and the maxi- 
mum 13 years. 

Thirty-two (34.496) patients died of re- 
current carcinoma, the average duration of 
survival being 3 years. One (1.0%) patient 
was lost to follow-up after 5 years, and al- 
though free of disease when last seen, is 
presumed dead of disease. Fifteen (16.196) 


TABLE 3. Modified Radical Mastectomy—1958-1968 ; 
94 Patients—Correlation between Size of Axillary 
Nodes and Presence of Metastases 


No. Per Cent 
Nodes palpable 
«Positive? ` 28 82.4 
“Negative” 6 17.6 
Nodes not palpable 
“Positive” 18 30.0 
“Negative” 42 70.0 

















Ann. Surg. - May 1972 
628 MADDEN, KANDALAFT AND BOURQUE DUE NI E 
TABLE 4. Moditied Radical Mastectomy-—1958-1963: 3 Yr.-13 Yr. Follow-up— 
Prognosis in Relation to Axillary Nodal Metastases 
Avail. Alive Alive Dead of 
Axillary for and with Dead of Other 
Nodes No. Study Well Disease Disease Causes 
“Positive” 46 45 9 2 24 10 
(97.9%) (20.0%) (4.4%) (53.3%) (12.2%) 
“Negative” 48 48 35 Q 8 5 
(100.0%) (72.9%) (0.C%) (16.6%) (10.4%) 
94 93 : 44* ANE 32*** 15**** 
(98.9%) (47.4%) (2.1%) (34.4%) (16.1%) 


* Average survival: 7.5 yr. 
** Average survival: 8.3 yr. 
*** Average survival: 3 yr. 


**** Average survival: 4 yr. Disease present—one pt. 


patients died of other causes and only one 
(6.6%) had recurrent carcinoma present. 
The average duration of survival was 4 
years (Table 4). 

Forty-four (47.4%) patients are alive and 
well in a follow-up study that averages 7.5 
years. Two (2.1%) patients are alive with 
disease 4 years and 12 years, respectively, 
after operation (Table 4). 

Forty-five (48.3%) of the 93 patients 
available for study had metastases in the 
axillary nodes. In the remaining 48 (51.8%) 
patients the nodes in the axilla were “nega- 
tive.” In the 45 patients with “positive” 


nodes onlv 9 (20.7%) or one in five are 
alive and well, compared to 35 (72.9%) or 
approxmately three out of four of the 48 
patients in whom the nodes were “nega- 
tive" (Table 4). The results when classi- 
fied according to the TNM clinical staging 
system are comparable and are depicted in 
Table 5. 

Seveaty-five (80.696) patients were avail- 
able for an absolute 5-year survival study. 
Thirty-seven (49.3%) had "positive" axil- 
lary nodes and in the remaining 38 (50.7%) 
the noces were "negative" (Table 6). Twenty 
(32.4% ) cf the 37 patients with metastases 


TABLE 5. Modified Radical Mastectomy—1958—1968: 3 Yr.-13 Yr. Follow-up— 
T N M Clinical Staging in Relation to Survival 























A vail. Alive Alive Dead of 
for and with Dead of Other 
TNM No. Study Well Disease Disease Causes 
I 60 60 37 1 16 6 
(63.8%) (100.0%) (61.7%) “1.7%) (26.6%) (10.0%) 
II 26 25 6 1 12 6 
(27.7%) (96.1%) (24.0%) 4.0%) (48.0%) (24.0%) 
Tit 8 ' 8 1 0 4 3 
(8.5%) (100.0%) (12.5%) 0.0%) (50.0%) (37.5%) 
94 93 44 2 32 15 
l (98.9%) (47.4%) 2.1%) (34.4%) (16.1%) 
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to the axillary nodes survived 5 years, Four 
(20.096) of these patients died. Two died 
of recurrent carcinoma after the sixth year; 
two died of other causes 7 years and 8 years, 
respectively; and one patient is alive with 
disease at the end of 12 years. Seven 
(18.9%) of the 37 patients with "positive" 
nodes are alive and well from 5 to 12 years 
with an average survival of 8 years. 

In the 38 patients without metastases to 
the axillary nodes 31 (81.6%) survived 5 
or more years. Two patients died of recur- 
rent carcinoma at 7 years and 7 died of 
other causes from 6 to 10 years after opera- 
tion. Twenty-five (65.7% ) patients are alive 
and well from 5 years to 13 years for an 
average duration of 9 years. The average 
5-year survival rate for the total of 75 pa- 
tients is 57.3%. 

An absolute 10-year survival study was 
done in 37 patients (Table 7). In 18 
: (48.696) the axillary nodes were "positive" 
and in the remaining 19 (51.496) they were 
"negative." Three (16.696) of the patients 
with "positive" nodes lived 10 years or 
longer. One is alive with disease over 12 
years and 2 (11.0%) are alive and well 11 
years and 12 years, respectively. 

In the 19 patients without metastases to 
the axillary nodes 12 (63.1%) lived longer 
than 10 years. One of these died of other 
causes and the remaining 11 (57.996) pa- 
tients are alive and well from 11 years to 
13 years later. 

An analysis was made of prognosis in re- 
lation to the location of the tumor. In the 
16 patients with lesions in the medial half 
of the breast, three (18.7%) had metasta- 
ses to the axillary nodes. Ten (62.6%) of 
the 16 patients are alive and well for an 
average duration of 7.2 years. In the group 
of 62 (66.6% ) patients with tumors in the 
lateral half, 32 (61.6%) had “positive” 
axillary nodes. Twenty-eight (45.296) of 
the 62 patients are alive and well for an 
average duration of 8 years. The tumor was 
central in location in 16 patients, and in the 
15 available for study, the axillary nodes 
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TABLE 6. Modified Radical Mastectomy—1958-1971— 
Absolute 5-Year Survival Rates 





Axillary Available = 5-Year 
Nodes No. for Study Survivors % 
“Positive” 37 37 12 32.4 
(100.0%) 
“Negative” 38 38 31 81.6 
(100.0%) 
Total 75 75 43* 57:3 


* 4 pts. (5.3%) died of disease; 1 pt. (1.3%) alive 
with disease 12 yr. p.o. 


were “positive” in 10 (66.6%) and “nega- 
tive" in five (33.396). Six (40.0%) of the 
15 patients are alive and well for an aver- 
age survival of 6 years. 

The prognosis in relation to age groups 
from 40 to 59 years compared to those from 
60 to 79 years is shown in Table 8. In those 
patients who died of disease the average 
survival was 32.3 months in the younger 
group compared to 40.6 months in the 
older. The one patient in the younger age 
group who died of other causes lived one 
year. In the older age group the average 
survival of the 13 patients who died of 
other causes was 50.9 months. There were 
more patients in the younger age group 
who were living and well, but, as one might 
expect, more of these patients died of dis- 
ease. Also there would be a greater likeli- 
hood for patients in the older age group to 
die of other causes as indeed occurred in 


this study. 


TABLE 7. Modified Radical Mastectomy—1958-1971— 
Absolute 10-year Survival Rales 


Available 10-Year 


Axillary for Sur- 

Nodes No. Study vivors % 
“Positive” 18 18 3 16.1 
“Negative” 19 19 12 63.6 

Total 37 37 15 40.5 
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TABLE 8. Modified Radical M astectomy—Prognoszs in Relation to Age Group 
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Alive and 
Well 
40-59 45* 23 
(51.2%) 
60-79 46** 20 
(43.4%) 
Total 91 43 
* Nodes + : 25 pts. 15 (60.0%) died of disease. 
Nodes — :20 pts. 4 (30.0%) died of disease. 
** Nodes + : 20 pts. 9 (45.0%) died of disease. 
Nodes — :26 pts. 4 (15.3%) died of disease. 
Discussion 


Before discussion of the clinical study 
presented, it is believed important to re- 
emphasize the fact that none of the patients 
received prophylactic radiation therapy, re- 
gardless of the presence or absence of me- 
tastases to the axillary nodes. It was used 
only for the treatment of recurrences and 
was required in but 9 (9.5%) patients 
(Table 5). The location of the regional 
nodes recurrences is depicted in Table 12. 
Furthermore, none of the patients had pro- 
phylactic oophorectomy. The decision not 
to use either of these ancillary treatments 
was empirical. Recently, however, this de- 
cision was supported in fact by the excel- 











Alive wita Dead of Dead of 
Disease Disease Other Causes 
2 19 1 
(4.4%) (42.2%) (2.2%) 
0 13 13 
(0.0%) (28.3%) (28.5%) 
2 32 14 


lent rendomized controlled study of the 
National Surgical Adjuvant Breast Study 
headed by Fisher.* The results of this study 
showec that neither radiation therapy nor 
oophorsetomy, used prophylactically, had 
any sa.utary effect on the long-term sur- 
vival rates in the surgical management of 
patients with breast cancer. 

A major objection to the modified radi- 
cal mastectomy is that a complete axillary 
dissection cannot be done. However, this 
objection is not substantiated by clinical 
fact. Eepeatedly, by lymphangiographic 
studies (Figs. l, 2, and 3). the ability to 
“clean the axilla” has been documented. 
Patey** advocated removal of the pecto- 
ralis m:nor muscle to facilitate the dissec- 


TABLE 9. Comparative Study—M odified and Stanaard Radical M asteciomy— 
Survival Rates and Local Recuzrences 


% 2-Yr. Surv. 
Nodes Nodes 

Operation — + 
Modified radical 

Handley, Thackray 75 57 

(Patey’s oper.) 

Author’s series 82 32 
Standard radical 

Haagensen, Cooley 85 59 

Butcher 76 48 

Cáceres 74 47 


Local 
05 10-Yr. Surv. Recurrence 
nao S (% in 
Nodes Nodes 10 Yr.) 
= "s 
61 25 20 
63 17 10 
70 40 10 
56 30 — 
65 31 10 
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TABLE 10. Comparative Stud y—M odified and Extended Radical M asiectomy— 
Survival Rates and Local Recurrences 


% 5-Yr. Surv. % 10-Yr. Surv. Local 
Recurrence 
Nodes Nodes Nodes Nodes (% in 
Operation — + = + 10 Yr.) 
Modified radical 
Handley, Thackray 75 57 61 25 20 
(Patey’s Oper.) - 
Author's series 82 32 63 17 10 
Extended radical 
Dahl-Iversen 78 46 59 21 24 
Cáceres 83 44 67 29 10 
Urban 84 72 63 60 3 





tion of the axilla which we did not find 
necessary. The main reason for removal of 
this muscle is on the basis of destruction of 
its nerve and blood supply. Admittedly, if 
such are destroyed, the muscle is useless 
and should be removed. However, in the 
technic of operation previously described,'* 
the neurovascular supply to the pectoralis 
minor muscle is preserved and its sacrifice 
is not practiced. 

The necessity to dissect completely the 
axillary contents is questioned by Auchin- 
closs.' In his study, if the apical nodes were 
invaded, the value of their removal was 
questioned. In 38 patients who had metas- 
tases to the apical nodes, only four (10.5%) 
have remained free of disease in a follow- 
up study of 8 to 10 years. Conversely, when 
the apical nodes are not "negative" the ex- 
tension of the axillary dissection is not re- 
quired since equally satisfactory results are 
obtained with excision of the lower chain 
of nodes in conjunction with removal of 
the breast and preservation of the pectoral 
muscles. Furthermore, Crile* has accumu- 
lated intriguing data to support the con- 
cept that in operative Stage I* cancer of 
the breast, dissection of the axillary nodes 
should be delayed and performed subse- 





* No axillary involvement is palpable at op- 
eration. 


quently only if there were nodal metasta- 
ses, Experimental data were presented to 
indicate that the excision of normal re- 
gional lymph nodes may remove a natural 
protective immunologic barrier to the sys- 
temic spread of the primary tumor. The 
clinical fact that the survival rates follow- 
ing delayed axillary dissection were equal 
to or better than those following prophy- 
lactic node dissection with removal of the 
breast lends credence to this contention. 

A second objection to the preservation of 
the pectoral muscles is that the interpec- 
toral lymphatic chain (Rotter) may be the 
site of recurrent disease. Admittedly, me- 
tastases to these nodes has been docu- 
mented by many authors. However, in the 
consecutive series of 93 patients presented, 


TABLE 11. Modified Radical Mastectomy—1958-1968 : 
3 Yr.-13 Yr. Follow-up-Radiotherapy 





No. of 
Patients Alive 
Prophylactic 0 
Therapeutic 8*(90.59) INTILISH 
Local skin recurrence 3 
Osseous metastases 2 


Regional nodal metastases 6 


* Two patients had both regional nodal and osseous 
metastases. 
** 12 mo. Regional nodal metastases. 
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TABLE 12. Modified and Classical Radical M astectomy— Postoperative Regional 
N ode M etastases— Com parative Study 
Supraclavicular 
Axillary Nodes Nodes 
Type of Avail. for ———————— ————— ——__. 
Mastectomy Study No. Ipsilat. Contralat. Ipsilat. Contralat. 
Modified 93 9* 2 2 7 1 
(9.1% 
Classical 4+ gm 5 1 4 1 
(18.1%) 
137 [it 7 3 11 2 
(12.4%) 








* Contralateral axillary, contralateral and ipsilateral supraclavicular—one pt. 
Ipsilateral supraclavicular and contralateral axillary—one pt. 
** Ipsilateral and contralateral axillary—one pt. 
Ipsilateral and contralateral supraclavicular—one pt. 
Ipsilateral supraclavicular and ipsilateral axillary—one pt. 


*** Multiple recurrences in five (29.4% patients. 


invasion of the interpectoral lymphatics, 
either at the time of operation when biopsy 
excision is routine, or as a postoperative re- 
currence, has not been observed. Also the 
absence of muscle invasion by recurrent tu- 
mor has been a noteworthy feature of the 
operation which has been commented upon 
by various authors.°' ??^ ?** None of the pa- 
tients in this series had recurrent disease in 
the muscles. 





Fic. 1. Preoperative lymphangiogram, showing 
distribution of lymphatics in proximal portion of 
the left arm and axilla. 


The proper evaluation of the merits of 
the modified radical mastectomy would be 
to compare the results of its use with those 
obtained with either the standard or ex- 
tended radical operation. Unfortunately in 
most of the series reported, the patient 
groups are heterogenous and the sampling 
volumes are too small for the accumulation 
of accurate comparative data. However, 
those data which have been obtained are 
indicative of a trend and do give support 
to the relative merits of the modified radi- 
cal operation. 

A comparative study of the modified and 
standard radical mastectomy is shown in 
Table 9. The differences in survival rates, 
however, are not of statistical significance 
and do not indicate a superiority of the 
standard radical procedure. In our own se- 
ries there were apparent lower 5- and 10- 
year survival rates in patients with metas- 
tases to the axillary nodes. However, it 
must be emphasized that the series of 93 
patients reported was consecutive and un- 
selected as indicated by the number of pa- 
tients in Stage III of the TNM classifica- 
tion (Table 5). Accordingly, the operation 
was performed on some patients who would 
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Fic. 2. Immediate postoperative roentgenogram 
of the chest to show that the dye fille axillary 
lymphatics have been completely removed, 


have been denied operation had more se- 
lect criteria been employed. Also, since the 
sampling volume is small, the factor of 
chance cannot be eliminated. 

Finney,’ in a fellow-up study of 280 pa- 
tients who had the standard radical opera- 
tion, reported a 5-year survival rate of 49% 
and a 10-year survival rate of 19%. Har- 
rington'? studied the results obtained in 
6,149 patients who had the standard radi- 
cal mastectomies. Sixty-five per cent of 
these patients had metastases to the axillary 
nodes. The 5- and 10-year survival rates in 
this group of patients were 30.4% and 
16.476, respectively. None of these supple- 
mentary data indicate a superiority of the 
standard over the modified radical mas- 
tectomy. 

In a comparison of the modified and ex- 
tended radical operation (Table 10) the 
data, with the exception of Urban's?* re- 
port which is unparalleled, do not indicate 
that the extension of the operation is asso- 
ciated with improved long-term survival 
rates. Furthermore, it is believed of inter- 





est that both Caceres* and Dahl-Iversen ° 
have discontinued the routine use of the 
extended radical mastectomy. 

The correct operation for the treatment 
of cancer of the breast is unknown. In those 
patients with concomitant metastases to the 
axillary nodes, the superiority of any one 
Operative procedure is doubtful. Con- 
versely, when the axillary nodes are “nega- 
tive," the simpler operations are apparently 
just as good as the more radical proce- 
dures. In fact, in some patients segmental 
resection of the breast may prove to be the 
method of choice. This procedure has been 
used in two patients with clinical Stage I 
lesions on a highly selective basis. 

From the results of the clinical study pre- 
sented, the modified radical mastectomy 
with the preservation of both pectoral mus- 
cles is believed equally as satisfactory as 
either the standard or extended radical op- 
eration in the treatment of cancer of the 
breast. 





Fic. 3. Photograph of the resected specimen with 
the dye filled axillary lymphatics. 
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Conclusions 


In the surgical management of cancer of 
the breast, the modified radical mastec- 
tomy, in which both of the pectoral mus- 
cles are preserved, is as satisfactory as 
either the standard or extended radical op- 
eration. 

The use of radiation therapy as a prophy- 
laxis after operation in patients with metas- 
tases to the axillary nodes is not recom- 
mended. Its use is limited to the treatment 
of cutaneous, localized osseous or regional 
nodal recurrences. 

Extensive prospective, randomized, and 
controlled studies are required to deter- 
mine the relative efficacy of the simple 
mastectomy and the varied types of radi- 
cal mastectomy in the treatment of breast 
cancer. 
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Materials and Methods 


The records of our group practice pro- 
vided most of the clinical data for this re- 
view. They were supplemented by hospital 
records, histological slides, personal follow- 
up, and death records. 

The clinical review includes 50 patients. 
The pathological review of 60 breast spec- 
imens has been limited to 30 cases in which 
adequate histologic materials have been 
available for thorough analysis of both 
breasts. 


Epidemiological Characteristics 
Family History 


It has been reported by D. E. Anderson, 
Hubbard,’ Kilgore,’ Leis et al., and Rob- 
bins and Berg," that the family history is 
more frequently positive for breast cancer 
in patients who have bilateral breast cancer. 
Twenty-four per cent of the patients in this 
series had positive family histories for can- 
cer of the breast. Cancer of other sites oc- 
curring in a close relative was recorded in 
22% of the patients in this series (Table 1). 


Age Distribution 


The age for the 50 cases of bilateral breast 
cancer is presented in Figure 1. The aver- 
age age of these patients at the time of first 
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TABLE 1. Miscellaneous Information 


A-Family history 


Breast Carcinoma 24% 
Other Carcinoma 22% 


B-Menopausal status 


Premenopausal 13% 
Menopausal 30% 
Post-Menopausal 57% 


Table I (A) shows the percentage of patients in whom 
positive family history of cancer could be elicited. 

Table I (B) shows the distribution of patients ac- 
cording to menopausal status among bilateral breast 
carcinomas. 


diagnosis was 53.9 years, It is interesting to 
note that this average age was 7 years 
younger than the average for the unilateral 
breast cancer cases reported by Finney and 
Finney * before this society in 1969. The 
younger average age coincides with the 
finding that more patients in the bilateral 
series were premenopausal or menopausal 
at the time of onset of their disease. 
Thirteen per cent of the patients in this 
series were menstruating regularly. Thirty 
per cent were menopausal. We consider all 
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Fic. 1. Age distribution is shown comparing our 
series of unilateral breast carcinoma versus bi- 
lateral breast carcinoma first side and bilateral 
breast carcinoma second side. The average age of 
bilateral breast carcinoma at the time of first 
diagnosis was 7 years younger than for the uni- 
lateral cases. 
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patients menstruating irregularly, or who 
have had one menstrual period within the 
past 12 months as menopausal. The remain- 
ing 57% were postmenopausal. 


Fertility 


Table 2 shows that a large percentage of 
the patients in this series were relatively 
infertile. We use this classification to in- 
clude those who have had one child or were 
childless. Fifty-seven per cent of the bi- 
lateral carcinoma patients were relatively 
infertile compared with 24% which would 
be anticipated for women of similar ages 
in the United States population.'? 


A, B, O Blood Groups 


The frequency of A, B, O blood groups 
for the 50 patients studied does not differ 
significantly from the expected ratios for 
the United States population. 


Synchronous Tumors 


Thirteen of the 50 patients had syn- 
chronous bilateral breast carcinomas. We 
have arbitrarily defined breast carcinomas 
as synchronous when the second tumor oc- 
curred within 12 months of diagnosis of the 
first. 


Long-Term Survivorship 


Ten patients with bilateral breast cancer, 
who survived longer than 15 years after 
their first mastectomy, were analyzed for 
unusual characteristics. Possibly an impor- 
tant finding was the long interval between 
the first mastectomy and the appearance of 
a contralateral breast carcinoma. The short- 
est interval between first and second tumors 
was 3.5 years, and the median interval was 
12 vears. There were no synchronous tumors 
in this group. 


Pathological Characteristics 


Primary Versus Secondary Carcinoma 


A fundamental question in this review 
was whether the tumor in the second breast 
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Fic. 2. Scirrhus carcinoma in “second” breast. Contiguous intraductal carcinoma 
(comedo pattern) on right ( X16). 


was a new primary or a metastatic lesion. 
The clinical criteria of Haagenson® and the 
pathological criteria as reported by Rob- 
bins and Berg"? were used in this analysis. 
The criteria are summarized in Tables 3 
and 4. By these criteria, 30 cases, for whom 
an adequate pathologic review could be ac- 
complished, had separate and independent 
primary tumors. The absolute criterion for 
this distinction is the demonstration of in 
situ carcinoma in the breast tissue contigu- 
ous to the invasive carcinoma. This was 
found in 59 of the breasts. The sixtieth case 
was a stromal sarcoma, obviously different 
from the contralateral carcinoma. 

It is our belief that histological dissimi- 
larity between two breast carcinomas is not 


an adequate criterion for making this dis- 
tinction. Figures 2, 3, and 4 show the type 
of in situ change which is necessary to label 
a breast carcinoma as primary. 


TABLE 2. Fertility as Expressed by Percentage of Women 
Bearing X Number of Children 





U. S. Population 





16-44 Years— 
Year 1960 Our Sample 
Childless 10 30 
One child 14 27 
Two-four children 64 43 
Five + children 13 0 





Table 2 shows fertility among bilateral breast cancer 
cases as compared to the United States population. 
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Fic. 3. Infiltrating lobular carcinoma in "second" breast. Typical "Indian File" Pattern (X100). 


Histological Classification 


Classification of the tumors in this series 
according to the scheme of McDivitt et al.*° 
is shown in Table 5. Four cases in which 


TABLE 3. Clinical Features of Metastatic Carcinomas 
vs. New Primaries in Second Breast 





New 
Metastatic Primary 
ee ae ee 
Spread across midline 
of chest to second Present Absent 
breast 
Number of lesions Usually Solitary 
multiple 
Distant metastases Present Absent 


e o — — 


Table 3 shows clinical features used to distinguish 
primary versus metastatic carcinomas in the second 
breast (after Haagensen). 


only in situ carcinoma was present, one in- 
traductal and three lobular, are excluded. 
One breast contained a stromal sarcoma. 
The remaining 55 breasts contained inva- 
sive breast cancer. 

Comparison of the distribution of histo- 
logic types in these 55 breast specimens 
with the types found in a large series of 
unilateral breast carcinoma reported by Mc- 
Divitt!?^ demonstrates an increased inci- 
dence of both lobular and tubular carci- 
noma in our specimens ( Table 6). This in- 
creased incidence of lobular carcinoma is 
not unexpected since it has a propensity to 
occur in both breasts. 

The vnexpected finding was the high in- 
cidence of tubular carcinoma. This rare but 
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Fic. 4. Lobular carcinoma-in-situ present adjacent to invasive carcinoma 
illustrated in Fig. 3 (X51). 


specific type of breast tumor is also known 
as well-differentiated or orderly carcinoma. 
It occurred in 9% of the breast specimens 
in this series. This incidence is to be com- 
pared with the series of McDivitt et al.° 
who found it to occur in less than 196 of 
their specimens of unilateral breast carci- 
noma. Figures 5 and 6 show histological 
sections of this tumor, which may have a 
deceptively innocent appearance. The only 
series of tubular carcinoma known to us is 
that of Taylor and Norris.** One of their 33 
cases had bilateral synchronous tubular car- 
cinoma, and six other patients subsequently 
developed carcinoma in the opposite breast 
l to 8 years after treatment of their initial 
primary tumors. It would appear that tu- 





TABLE 4. Pathological Features of Metastatic Carcinomas 
vs. New Primaries in Second Breast 





Metastatic New Primary 





Within the breast 
parenchyma 


In the fat sur- 
rounding the 
breast paren- 


Location 


chyma 
Growth pattern — Expansile Infiltrating 
Histology Resembles the Histologically 
most malig- dissimilar 
nant part of 
primary 
Contiguous in- Absent Present 


sifu carcinoma 





Table 4 shows pathological features used to distin- 
guish between primary and metastatic carcinoma in the 
second breast (after Robbins and Berg). 
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Fic. 5. Tubular carcinoma showing diffuse infiltration (X20). 


bular carcinoma, like lobular carcinoma, 
may tend to be a bilateral disease. 
Gross Multicentricity 


This characteristic in which more than 
one separate and discrete primary malig- 


TABLE 5. Classification of Sixty Bilateral 
Breast Cancers 





Intraductal 1 Metaplastic 1 
Comedo Stromal sarcoma 1 
Scirrhus 36 Lobular-in situ 3 


Infiltrating lobular 9 
Tubular 5 


Medullary l 
Colloid 1 





Table 5 shows pathologic classification of 60 bilateral 
breast cancers in our series using criteria of McDivitt 
et al. 


nancies are found in a single breast oc- 
curred in five of the 55 invasive carcinomas 
in our series. Three were in one of the 
breasts of the synchronous cases, and two 
were in the second breast of the asynchro- 
nous group. Multicentricity is not an ade- 
quate criterion to prove metastatic involve- 
ment in the second breast. Both of the 
asynchronous cases with multicentricity 
demonstrated in situ carcinoma contiguous 
with the multiple carcinomas. 

Robbins and Berg!? found gross multi- 
centricity a factor predisposing towards 
development of carcinoma in the second 
breast. This was not demonstrated in our 
series. 
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Fic. 6. Tubular carcinoma showing deceptively innocent histologic appearance ( x51). 


Other Parameters 


No significant correlations were noted 
with regard to the size of the carcinomas 
nor the presence or absence of associated 
cystic disease. No correlations could be 
made with grade of tumor. None of the pa- 
tients had Paget’s disease of the nipple. 

Blood vessel invasion was noted in four 
of the 55 breast specimens containing in- 
vasive carcinoma. Two of four patients died 
of metastatic disease. The other two have 
been followed for less than 1 year. Neither 
has shown evidence of metastatic disease. 


Treatment and Survival 


Surgical treatment used is shown in 
Table 7. It is remarkably uniform, as radi- 


TABLE 6. Incidence of Histological Type of Invasive (55) 
Bilateral Breast Carcinoma as Com pared with 
Memorial Hospital Series of Breasl 








Carcinomas 
Authors Series 
Memorial Expected Actual 
Tvpe Series No. No. 
Comedo 4.6% 2 2 
Scirrhus 78.1% 43 36 
Medullary 4.3% 2 1 
Colloid 2.6% 1 1 
Metaplastic 1.0% 0.5 1 
Invasive 
lobular 8.7% 5 9 
Tubular 1.0% 0.5 5 








Table 6 shows comparison of incidence of various 
types of breast carcinoma between large series of uni- 
lateral and our series of bilateral cases. 
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TABLE 7. Miscellaneous Information 


Surgical treatment 


Radical 78% 
Radical 

Radical 10% 
Simple 

Simple 7% 
Simple 

Other 5% 


Table 7 presents the percentage of patients receiving 
different modes of surgical therapy to their first and 
second primaries. 


cal mastectomy was performed bilaterally 
in 78% of our cases. Our indications for 
lesser procedures were enumerated in our 
previous communications.* 

The survivals were computed by using 
the ratio of possible survivals to patients 
dying up to stated years of clinical follow- 
up (Table 8). Our crude (uncorrected for 
age) survival is 80% at 5 years, 50% at 10 
years, and 33% at 15 years. The number of 
patients was deemed too small to compute 
meaningful survivals if the group were sub- 
divided according to the stage of disease. 
The 5-year survival among our patients 
with synchronous disease is 90%; however, 
only one patient survived 10 years. 


Summary 


A series of 50 patients with bilateral 
breast cancer treated by our group practice 
is presented. Epidemiological review re- 
veals these patients to be younger, less 
fertile, and having strong family history of 
breast cancer. The pathologic evaluation 
revealed all of the second breast tumors 
studied to be primary neoplasms. The ap- 
proach to treatment was based on the as- 
sumption that the contralateral carcinoma 
was a separate and distinct primary tumor. 
The reported survivorship seems to justify 
this approach to treatment. Another salient 
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TABLE 8. Per cent Survivorship to Stated Years 

















Bilateral Bilateral 
from from 
Survival in First Second Synchro- 
Years Surgery Surgery nous 
Cases 50 50 I5 
5 85 50 90 
10 50 44 20 
15 33 8 0 
20 20 0 0 








Table 8 shows percentage of survival of patients from 
onset of their disease compared with survival from the 
time of diagnosis of second malignancy, and also, with 
survivalsin the synchronous tumor group. 


feature of this group is an unexpectedly 
high incidence of tubular carcinoma. 
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DISCUSSION 


Dr. I. RmcEwaxv TnuiBLE (Baltimore): Dis- 
cussing Paper No. 2: 

I must disagree with one of my associates and 
partners. I wish to comment on the paper of my 
good friend and his associates, Dr. John Madden. 

It would be most helpful if those of us who are 
struggling to cure cancer of the breast, surgeons 
and pathologists alike, would study and restudy 
the pathways by which the cancer, originating in 
the breast, reaches out into other tissues, especially 
into its customary first stop, the axillary lymph 
nodes. A more thorough search of surgical speci- 
mens, especially by surgical pathologists, should 
include the fascia and muscles, as well as the 
customary search for the tumor itself in the 
lymph nodes. We know without doubt that the 
fascia over the pectoralis major muscle is involved 
in a high percentage of cases. How often is the 
underlying muscle involved? How do the cancer 
cells from the breast tissue reach the axillary 
lymph nodes without traversing the lymphatic 
channels in the connective tissue septa between the 
pectoral muscle bundles? 

Volkman almost a century ago removed only 
the breast, the fascia over the pectoralis muscle, 
and the axillary contents. Later on, discouraged by 
this operation, he began removing the pectoral 
muscles also. 

Halsted in 1894 wrote: "If we may judge from 
incomplete description of the operations, Volkman 
is the only one—Billroth perhaps excepted—of the 
surgeons whose work we have considered who 
occasionally removed the pectoral muscle. I am at 
a loss to know how to explain this, because I 
operate not infrequently on cases in which the dis- 
ease has involved at least the fat and areolar tissue 
between the muscles, if not one or both of the 
pectoral muscles." 

Volkman's operation, according to Halsted, “is 
manifestly an imperfect one. It admits the frequent 
division of tissues which are cancerous, and it 
does not give the disease a sufficiently wide berth. 
Why should we shave the undersurface of the 
cancer so narrowly, if the pectoralis major muscle 
or part of it can be removed without danger and 
without causing subsequent disability, and if 
there are positive indications for its removal?" 

He further states: "The pectoralis major muscle 
entire, or all except the clavicular portion, should 
be excised in every case of cancer of the breast, 
because the operator is enabled thereby to re- 
move in one piece all of the suspected tissues. 

"The suspected tissues," he said, “should be 
removed in one piece (1) least the wound 
become infected, a division of tissues invaded by 
the disease, and (2) by the division of lymphatic 
vessels containing cancer cells, because shreds or 
pieces of cancerous tissue might readily be over- 
looked in a piecemeal extirpation." 

Later on, of course, he removed the pectoralis 
minor muscle, and I must say that I am just unable 
to do a complete dissection of the axilla, especially 
high up in the apex, or clean the axillary vein up 


there, without dividing at least âd pectoralis 
minor insertion. pem c» F 

Finally, I believe I. can speak for the great 
majority of us who were raised in the shadow of 
the Halsted tradition by saying that we still believe 
in, and still employ, his typical radical operation 
as the best means in our state of imperfect knowl- 
edge at the present time for the cure of cancer of 
the breast. 


Dr. C. MgrviN BrnNnanp (Louisville): Dis- 
cussing Paper No. 2: I have been using modified 
radical mastectomy as the preferred operation for 
cancer of the breast since 1965. I am delighted to 
hear Dr. Madden's results and of his favorable 
comparison in terms of survival with the modified 
version. I am particularly impressed with the 
over-all comfort of patients who have had the 
modified radical procedure, over those who have 
had the standard radical operation. 

My patients have had less discomfort and 
greater use of the arms postoperatively. There has 
also been much less swelling of the arm. 

Let me briefly tell of one patient. Fifteen years 
ago she had a standard radical mastectomy of her 
left breast. A year ago she had a modified radical 
operation of her right breast for a second car- 
cinoma. Every time I see her, she tells me of 
how much less discomfort she had after the second 
operation, and she continues to demonstrate the 
lack of swelling and greater use of the right arm 
over the left. 


Dr. Ernest A. Gourp (Washington, D. C.): 
Discussing Paper No. 2: I think because my con- 
science was bothering me with the Patey pro- 
cedure, we began doing some vital stains, using 
either Prussian blue or methylene blue, injected 
at the site of the tumor after it had been re- 
moved and a frozen section had confirmed the 
diagnosis of carcinoma. We found that, despite 
the classical routes of lymphatic drainage of the 
breast, lymphatic vessels go through the pectoralis 
major and also go around, medial or lateral to the 
insertion of the pectoralis minor. 

This is of great concern, particularly with the 
larger lesions, the Stage II lesions. One should 
be very selective about the use of the modified 
procedure. For the present it should be used only 
in lobular carcinomas, or early Stage I. This 
should be a preliminary observation to a continu- 
ing study on lymphatic drainage of the breast. 


Dr. BEvERLY C. Smiru (New York): Discussing 
three papers: We have had three interesting, pro- 
vocative reports on the treatment of carcinoma of 
the breast. Dr. Madden has described his modified, 
radical procedure which has gained more accept- 
ance in the recent past. The follow-up results on 
this procedure are not of sufficient number and 
duration to adequately compare with the Halsted 
procedure which has been the method of choice 
for carcinoma of the breast since its introduction 
by Dr. Halsted. There has recently been consid- 
erable emphasis on cosmetic appearance and re- 
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habilitation following radical and modified radical 
breast surgery for carcinoma. Those of us at 
Presbyterian Hospital in New York have always 
accepted and performed the standard Halsted 
procedure for this pathology. 

Hugh Auchincloss, Jr's recent report has again 
focused attention on the inadequacy of radical 
surgery when the highest lymph nodes in the axilla 
are involved. When the pectoral muscles are 
left, of course, the connective tissue and lymphatics 
therein between the muscles remain and may be 
a residual source of carcinoma. The percentage 
of such involvement is, at present, unknown. "The 
manner in which a woman is treated for carcinoma 
of the breast, at present, largely depends upon 
whom she consults!” The long and numerous fol- 
low-up results of the Halsted procedure in ad- 
vanced nodal involvement has provided an area 
of investigation as to its efficacy. It would seem 
this modified procedure is still on trial and it is 
too soon to substantiate its reliability. The crux of 
therapy in this disease is early diagnosis and com- 
plete excision or destruction of all cancer material. 
It is entirely possible the disease may be eradicated 
if it is sufficiently early and localized, without re- 
moving the pectoral muscles, but we should not 
be too hasty in discarding proven principles. 

As to Dr. Hartman's interesting report, I recall 
many discussions with Dr. Arthur Purdy Stout of 
the Department of Pathology at Presbyterian Hos- 
pital in New York as to whether or not cancer 
could ever be called cured, I vividly recall a case 
in which a biopsy revealed a scirrhous carcinoma 
in the lower outer quadrant of the breast which 
the patient stated had been present as an ulcer 
for 12 vears. She refused operation. Fifteen years 
after biopsy she permitted a radical procedure 
and she was well for 12 years following this opera- 
tion, but subsequently 12 years after radical 
mastectomy she died of metastatic scirrhous 
carcinoma. This is one incident of a known life 
history of a carcinoma for more than 40 years 
which ended in a carcinoma fatality. 

I was particularly interested in Dr. Finney's re- 
port because of the following experience. 

In 1935 I did a radical left mastectomy on a 
40-year-old woman who had no axillary gland 
involvement. Pathologic diagnosis was invasive 
ductal carcinoma. Ten years later in 1945, I did 
a similar procedure on the right breast. Again 
there was no axillary involvement. Dr. Stout and 
his department studied this case in great detail 
and concluded these were different carcinomas. 
The pathologic diagnosis was the same. 

In 1965 I operated on the daughter of the 
above-mentioned patient at the age of 44. A left 
radical mastectomy was performed and there was 
replacement of a single lower axillary node by 
metastatic carcinoma. In 1966 I did a radical 
mastectomy on the daughter's second breast for a 
small carcinoma in the upper outer quadrant in 
which there was one lower axillary node involved. 
This is the only example I know of a bilateral 
carcinoma which occurred in a living mother and 
daughter. The mother is still alive 37 years after 
the first procedure and the daughter died of a 
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rapidly spreading carcinomatosis in January 1969, 
4 years after the first and 3 years after the second 
procedure. The carcinoma of the right and left 
breast of the daughter were invasive ductal carci- 
noma and again diagnosed as separate tumors. 
Possibly geneticists or immunologists may in 
the future throw light upon the different be- 
havior of these two carcinomas in mother and 
daughter. I have not been able to find a similar 
example of bilateral carcinoma in mother and 
daughter in the literature. One should constantly 
keep in mind that carcinoma of the breast is a 
deadly disease and should be slow to modify the 
therapy that has stood the test of time, because 
of emotional and cosmetic problems. 


Dr. Georce H. Bunca, Jr. (Columbia): Dis- 
cussing Paper No. 2: I believe that Dr. Madden’s 
procedure has merit which I personally prefer to 
use except for very advanced carcinoma of the 
breast that involves the undersurface and perhaps 
the muscles; but I wish to make one technical 
point, Dr. Madden. 

When I began to use this procedure several years 
ago, I was not completely satisfied that there was 
adequate exposure for the apex of the axilla. 
I was not sure that I was being intellectually 
honest with my patient. I do not recall how the 
pectoral muscles can be relaxed. I know that some 
drape the involved arm sterilely, so that it can be 
rotated medially, to relax these pectoral muscles, 
but most often we have the arm strapped down 
to an arm board at the side of the table. After 
two or three experiences I found this method to 
be unsatisfactory. I asked the anesthetist or the 
anesthesiologist to speed up the Anectine drip, or 
other muscle relaxant being used, after which 
the pectoral muscle relaxed dramatically, and one 
nurse with one retractor could expose the apex 
of the axilla very adequately. I would mention this 
as a possible addition to exposure under the pec- 
toral muscles when they are not divided. 


Dn. Sam A. WiLkKINS, Jr. (Atlanta): Discussing 
Paper 2 & 4: We have been interested in exploring 
the possibilities of limiting a radical mastectomy 
for a number of years. We do not have our results 
as yet, but we will certainly be interested in com- 
paring them, as they are studied, with Dr. 
Madden’s. 

I should like to comment on the last report, No. 
4, and show a slide in regard to the bilateral in- 
cidence of carcinoma. 

[Slide] We have eliminated from this study pa- 
tients with advanced mammary cancer and inflam- 
matory carcinoma. The study was carried out in 
congress with Dr. Robert Egan’s mammography 
program. You will note that the local excision of 
breast lesions has increased, and the increase of 
cancers has developed more slowly. This, I be- 
lieve, would be expected. 

In the first 5-year period there was a fairly 
low incidence of bilaterality, the same in the 
second, and then in the third period, from '61 to 
'66, when the influence of mammography had us 
doing more local excisions, we did find a definite 
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increase in bilaterality. For the next 5 years, so far 
as we can judge at this point, the incidence of 
bilaterality is being maintained, and may be even 
slightly higher. 

We attribute most of this increase in bilaterality 
to the mammographic aid which we have, and 
only partly, if at all, to that of increased diagnostic 
acumen. 


Dr. Loren J. Humpurey (Kansas City): Dis- 
cussing all three papers: 

The best operation for cancer of the breast is 
that procedure which is most likely to encompass 
all of the cancer. For example, Dr. Madden’s 17 
per cent 10 year survival in patients with positive 
lymph nodes, compared to the literature, creates 
some worry for all of us. 

Removal of the axillary lymph nodes does 
not remove memory for cancer, and it does not 
leave the patients immunologically incompetent. 
We showed earlier in the year, that three of 15 
patients who had radical mastectomies for carci- 
noma of the breast developed, after removal of 
the breast and axillary lymph nodes, antibody to 
breast cancer. Interestingly enough, since then in 
complement fixation studies, the sera from these 
three patients reacted with breast cancer tissue, 
and not with normal breast tissue. 

Hence, removal of the axillary lymph nodes 
is not immunosuppressive, but may remove addi- 
tional cancer cells in a certain per cent of patients. 

On the other hand, I would like to close by 
pointing out that Co” is immunosuppressive, with 
a decreased total peripheral lymphocyte count 
years after radiation therapy and, I personally 
feel, should never be used with a curative pro- 
cedure, but only for palliation. 


Dr. CrAupE E. WkrcH (Boston): Discussing 
Paper No. 4: I shall confine my remarks to the 
report of Dr. Finney and associates. 

Our whole problem in cancer of the breast, it 
seems to me, is based upon one fundamental prob- 
lem. On the one hand we have the desire not to 
mutilate a person. This is obviously shared by the 
patient—even to a greater extent. On the other 
hand, we as surgeons have an almost missionary 
zeal to destroy cancer. 

To try to put these together is extremely diffi- 
cult. Perhaps it becomes a little bit easier with the 
bilateral cancer of the breast. After a previous 
mastectomy, the patient perhaps is not quite so 
worried about mutilation of the second breast. On 
the other hand, the chances of a second carcinoma 
appearing, by your figures, are somewhere around 
7 to 10 per cent; and furthermore, the chances of 
cure become rather low, with only a 50 per cent 
5-year survival when cancer does involve the 
second breast. 

The question that I want to pose to the authors 
is this. You have identified very nicely a group of 
patients that is more likely to develop this second 
cancer; that is, the ones who have had a family 
history, those who have had difficulty with gesta- 
tion, et cetera. Has your philosophy changed to 
the point where you think something different 


should be done about these patients? Are you 
satisfied with the present methods of follow-up? Is 
mammography going to be the answer? Are the 
new immunologic technics going to be the answer? 
Or should you recommend a second mastectomy on 
the other side before the patient develops trouble? 

This is the practical point that I want to put 
before you now, because I believe this is what 
we need to know at the present. 


Dr. Joun L. Mappen (Closing Discussion of 
Paper 2): I would like to reply first to Dr. Trimble. 

Of course, the relatively recent study of Gray 
has definitely shown that the theory of permeation 
of the subfascial lymphatics as was promulgated 
by W. Sampson Handley many years ago has 
not been substantiated. 

I do not know whether or not you noticed on 
the last slide of the illustrated operative technic 
that the proximal portions of both rectus sheaths 
were removed as practiced and recommended by 
Handley (W. S.). In the past 5 years we have 
stopped doing this and have not noticed any dif- 
ferences in the results. Therefore, the importance 
of the subfascial lymphatics as far as the permea- 
tion of the cancer cells is concerned is certainly 
doubtful. 

Relative to the problem you posed about the 
nodes in the apex of the axilla, I think the study 
of Auchincloss is most interesting. He showed 
that of the 38 patients who had the apical nodes 
involved, 34 had died and only four were living 
after 8 years. Accordingly, the question arises if 
the apical nodes are already invaded, what is the 
benefit of extensive dissection of the axilla. 

The most interesting thing to me was to study 
the surgical papers of Halsted and to review his 
90 cases of radical mastectomies which were ab- 
stracted by Joseph Colt Bloodgood and to note 
that 24 of the 50 patients were alive and well; a 
percentage rate of 48. The shortest follow-up was 
46 days; the longest was 3% years; and the 
average follow-up was about a year and one-half. 
Only two of the 24 patients were followed more 
than 3 years. This study has always been used 
as a standard for comparison but the results are 
not believed satisfactory when each case, as re- 
ported by Dr. Halsted through Dr. Bloodgood, 
is analyzed in detail. 

As far as the modified radical operation is con- 
cerned, we can go back to Banks in 1882 who 
practiced this procedure wherein he did not re- 
move the muscles. But John B. Murphy in 1912 
stated that he had abandoned the procedure of 
Halsted and did not remove the muscles. The 
question, of course, arises: If this is the wrong 
thing to do, then there should be an increased 
incidence of local recurrences. However, Patey has 
never seen a local recurrence. John B. Murphy 
never saw one, nor has Handley (W. R.). Finally, 
we have not seen one recurrence in any of the 94 
patients so treated. This leads to the question of 
Dr. Gould about lymphatic staining. I was in- 
terested in this study and believe it should be pur- 
sued. It demonstrates very well a pathway for 
lymphatic spread but is it of practical surgical 
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importance? The only comment I would make is 
that we leave the muscles in situ and not see their 
invasion by recurrent disease. 

I agree with Dr. Bernhard that edema occurs 
less but a varying degree of edema occurs in all 
of the patients. After an adequate axillary dis- 
section, some edema should occur. If it does not 
occur, one should question the adequacy of the 
axillary dissection. However, when our own in- 
cidence of edema is compared with that following 
the classical radical mastectomy, it is definitely 
less. 

I am in complete agreement with Dr. Beverly 
Smith that time will tell what the answer will be. 

I want to thank Dr. Bunch for his continuing 
study in this regard because this is the only way 
that we can finally determine the true value of 
this operation. That is to say, if surgeons in vari- 
ous areas do the operation and observe carefully 
the results obtained. The ideal method would be 
to have a large, prospective, randomized, controlled 
study for proper evaluation of this procedure. 

In reference to dissection of the axilla, I have 
not found the muscles a particlar problem. The 
arm is kept completely free and manipulated as 
necessary during the course of the operation. I 
have not used Anectine for muscle relaxation 
but I do think this is an excellent suggestion. 

I am pleased to know that Dr. Wilkins is carry- 
ing out this operation and I am grateful for what 
Dr. Ochsner had to say relative to the pectoralis 
minor muscle. No doubt, leaving this muscle in situ 
may be the factor that has resulted in the decrease 
in edema. 

Dr. Humphrey is rightly concerned about our 
16 per cent 10-year survival rate in patients with 
“positive” axillary nodes. But then, Dr. Harring- 
ton’s report of more than 4,000 patients with nodes 
"positive" in each of whom the standard radical 
procedure was used, his 10-year survival rate was 
also 16 per cent. In George Finney’s report before 
this Association, the 10-year survival rate was 19 
per cent. 

I would like to mention that in a recent review 
by Auchincloss of a breast study done at the 
Columbia Presbyterian Hospital—in which most 
of the patients were operated upon by Haagensen 
—there were 107 patients with “positive” axillary 
nodes. I might also say that this series was highly 
selective in every way and excluded patients that 
I feel sure many of us here would have operated 
upon as far as the cancer of the breast was 
concerned. Yet, despite this selectivity, the 8-year 
survival rate was only 28 per cent. 

I am glad that Dr. Humphrey also agrees that 
cobalt should be used only for palliation since 
that is just what we have done throughout the 
whole of this study. 

In closing, I really do not know which pro- 
cedure is the correct operation for cancer of the 
breast. When the axillary nodes are involved, I am 
not sure that we can claim superiority for any 
particular procedure. If the nodes are not in- 
volved, then maybe a simpler procedure will be 
equally as suitable as either the standard or 
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modified radical mastectomy. As experience ac- 
cumulates, it may prove that Dr. Crile is correct; 
namely, do the simple mastectomy but do not 
remove the axillary nodes unless they are believed 
to be invaded. Doing this, you would, of course, 
accept a 10 per cent error in Operative Stage I 
and a 25-30 per cent error in Clinical Stage I 
patients, According to his thesis, leaving the nodes 
would preserve the normal immunologic barrier 
to the spread of the primary disease as suggested 
by his experimental studies. However, Dr. Humph- 
rey has stated that he could not confirm such 
studies. The fact that Dr. Crile's 5-year survival 
rate with the secondary axillary dissection is equal 
to or better than that obtained when the nodes 
were removed prophylactically certainly supports 
his contertion. 

I believe, as Dr. Bernard Fisher has stressed, 
that we need an extensive, prospective, random- 
ized, controlled study to determine truly the best 
operative procedure for the treatment of cancer 
of the breast. Then we will have scientific facts 
rather than clinical conjectures. 


Dr. CuHanLes C. Brown (Closing Discussion 
of Paper No. 4): With regard to Dr. Smith’s com- 
ments on what we might term familial bilateral 
breast carcinoma, we have had no such instances 
in our series of 50 cases. I believe there was one 
case reported in the literature from the Lahey 
Clinic citing a series of three such cases. 

With regard to Dr. Wilkins’ comments, it was 
interesting to see the series from Atlanta, having 
been on that staff for a while, and would agree 
that the use of mammography is very important 
in finding these other lesions. 

In response to Dr. Welch’s question, I would 
say that we have not reached the point yet where 
we can identify this group of patients so pre- 
cisely that a prophylactic mastectomy would be 
in order. 

Finally, I would like to show a few slides on one 
particular type of carcinoma in which we found 
an increase in our series of bilateral carcinoma. 

[Slide] This is the tubular carcinoma about 
which we spoke. Clinically, this has no dis- 
tinguishing characteristics. It looks pretty much 
like any breast cancer presenting in the same way. 
Grossly, at the operating table, it resembles breast 
carcinoma, being a firm, hard, gritty mass. Micro- 
scopically, under low power, it is easily dis- 
tinguished as a carcinoma because of its diffuse 
infiltrating nature throughout the breast. 

[Slide] This is just another higher power view 
of this same tubular carcinoma. Its name is de- 
rived from the consistency of these proliferating 
little ductules, or glands, or tubules, as it were, 
infiltrating through this dense, fibrous stroma. 

[Slide] This is a highpower view of this lesion. 
It causes pathologic ambiguity because of its very 
innocuous looking appearance. Under the micro- 
scope, it does not show much in the way of nuclear 
pleomorphism or mitotic figures. Nevertheless, it 
is a carcinoma because of its diffuse infiltrating 
nature, 
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OrAL anticoagulants have produced hem- 
orrhagic complications in a wide variety of 
tissues since the introduction of Bishydroxy- 
coumarin (Dicumarol ) and congeners three 
decades ago.’® An entirely different and ex- 
tremely rare reaction to these drugs has 
been the spontaneous development of pro- 
gressive necrosis limited to the skin and 
adjacent underlying structures.*:*° The 
breast has occasionally been the site of this 
process. Although mammary necrosis due 
specifically to these agents has been re- 
ported sporadically in the European litera- 
ture, it is almost unknown in this Country." 

Two cases demonstrating this unusual 
complication are presented as well as sub- 
sequent discussion of etiology, pathology, 
and treatment. 


Case Reports 


Case 1. A 61-year-old hypertensive arterio- 
sclerotic woman was transferred from the Munic- 
ipal Hospital of Norfolk to the Surgical Service of 
DePaul Hospital on May 5, 1965. The admitting 
diagnosis was ischemic ulceration of the left lower 


Presented at the Southern Surgical Association 
Meeting held at Hot Springs, Virginia, December 
6-8, 1971. 

? Request reprints: 810 Medical Tower, Nor- 
folk, Virginia 23507. 

° Director of Surgery, DePaul Hospital, Nor- 
folk, Virginia. 

*? Director of Pathology, DePaul Hospital, 
Norfolk, Virginia. 


647 


leg with acute ascending cellulitis. The ulceration 
of the left leg had begun 1 month previously but 
had increased during the week preceding admis- 
sion. A long history of hypertensive cardiovascular 
disease was obtained. 

When the patient was admitted, blood pressure 
was 170/90 mm. Hg, pulse was 84, and tem- 
perature 37.8° C. The left lower leg was ulcerated 
and semi-necrotic from the ankle to the knee, and 
there was proximal ascending cellulitis. No arterial 
pulsations could be palpated distal to the femoral 
area and there was bilateral edema of the lower 
extremities. 

Basic laboratory data revealed hemoglobin to 
be 8 Gm. with an hematocrit of 28, and white 
blood count was elevated to 28,000. Subsequently, 
more elaborate laboratory investigation was carried 
out but no significant abnormalities were noted. 
Cardiac enlargement was detected on physical ex- 
amination and confirmed on chest x-ray. An elec- 
trocardiogram showed sinus tachycardia and left 
bundle branch block. 

Penicillin was administered immediately and the 
Medical Service was promptly consulted. They ad- 
vised digitalization and cautious transfusion. 

The necrotic process of the left lower limb 
gradually progressed, and on the eighth hospital 
day, mid-thigh amputation was performed. The 
femoral artery was occluded and the vein was 
thrombosed. Following operation, sodium warfarin 
(Coumadin) was started immediately, the initial 
dose being 30 mg. An additional 15 mg. was ad- 
ministered on the second postoperative day, 2.5 
mg. on the third postoperative day, and the final 
dose of 5 mg. was given on the fifth postamputa- 
tion morning. The greatest alteration of prothrom- 
bin time was 32.5 seconds with a control of 14 
seconds 3 days after the beginning of anticoagulant 
treatment. 
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Four days after Coumadin was started the pa- 
tient complained of pain in the left breast. The fol- 
lowing morning there was purplish discoloration of 
the mammary skin and sodium warfarin was dis- 
continued immediately. Large bullae containing 
serosanguineous fluid appeared over the ecchymotic 
area, which were replaced later by a tough black 
eschar. Symptomatic treatment was ineffective and 
frank necrosis rapidly supervened. Twenty-three 
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Fic. 1. Case 2. Right 
breast 4 days after begin- 
ning of symptoms. 





days after the skin changes had first appeared, 
simple mastectomy was performed, 

Other than obvious necrosis the resected breast 
showed multiple lobulated areas streaked with 
hemorrhage as well as numerous venous throm- 
boses. One large vein was occluded by a fresh red 
thrombus. Discoloration in some areas extended 
through the underlying fat into the mammary tis- 
sue for a distance of 3—4 cm. On microscopic ex- 


Fic. 2. Case 2. Right 
breast 6 days after onset 
of symptoms. Note dense 
eschar. 
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Fic. 3. Under surface 
of breast from Case 2. 
Focal areas of necrosis 
can be seen even at this 
level. 


amination structural identification of the superficial 
tissue was limited because of necrosis. Inferior to 
this, however, there was severe arteritis involving 
the medium and small arteries as well as extensive 
venous thrombosis. The latter showed varying de- 
grees of organization. Moderate diffuse interstitial 
hemorrhage was present. 

Following mastectomy, the patient recovered 
promptly and was discharged to her home. She 
was treated in the outpatient department until 
complete healing of both wounds. 

Case 2. A 73-year-old woman was admitted to 
the Orthopedic Service of DePaul Hospital on 
March 1, 1971, because of crippling arthritis of 
the right hip. Elective operation to replace the 
severe monarticular degenerative disease was 
planned. No contraindications to the anticipated 
operation were found on medical survey or labora- 
tory data, and 2 days after admission a Fred 
Thompson prosthesis was uneventfully applied. 

Nine days following operation the patient be- 
came febrile and confused, and a pleural friction 
rub could be heard over the base of the left lung. 
Chest x-rays suggested pulmonary infarction. Hep- 
arinization was immediately begun and 2 days 





later, the Lee-White coagulation time was pro- 
longed to 17.5 minutes. At that time the patient 
was afebrile and the chest pain had diminished 
appreciably. Heparin was discontinued and sodium 
warfarin (Coumadin) was substituted, the initial 
dose being 40 mg. An additional 5 mg. was ad- 
ministered on both the second and fourth days 
subsequently. The total dosage given was 50 mg., 
and the maximal alteration in prothrombin time 
which occurred was 38 seconds with a control of 
12 seconds. 

Four days after Coumadin was started the pa- 
tient complained of slight pain in the right breast, 
and examination revealed a bluish discoloration as 
well as marked swelling of the entire organ. The 
color darkened rapidly and on the following morn- 
ing bullae containing sanguineous fluid were pres- 
ent over a large area of the affected mammary 
skin (Fig. 1). The bullae ruptured spontanueously 
and a black slough developed, the latter becom- 
ing sharply delineated from the normal adjacent 
tissue (Fig. 2). Rapid progression to frank gan- 
grene developed. No other adverse effects of 
Coumadin were detected. Simple mastectomy was 
performed 8 days after the initial breast complaints. 
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Fic. 4. The histologic vascular lesions in anticoagulant gangrene of the female breast— 
venous thrombosis and necrotizing arteritis. ( H&E, X70) 


Examination of the resected breast revealed the and discoloration extended through the breast 
skin, nipple, and areola to be gangrenous. A diminishing as the fascia was approached (Fig. 
leathery black slough covered a large area. Throm- 3). Histologic examination showed severe superfi- 


bosed veins were obvious throughout the specimen cial necrosis with underlying diffuse venous throm- 
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Fic. 5. Necrotizing arteritis adjacent to thrombosed vein. (H&E, 


bosis, and marked arteritis involving the medium 
and small vessels (Figs. 4, 5, 6). The mammary 
ducts were thick-walled and their epithelial lining 
was lost. Deep in the breast there were focal areas 


of extensive necrosis and a small abscess was pres- 





Uig 
* \ Lek 


ent in one area. An interesting finding, unrelated 
to the dominant picture, was diffuse mammary. 
duct ectasia. 

Following simple mastectomy, the patient's 
course was uneventful, and she was discharged 19 
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Fic. 6. Higher power view of inflamed artery showing intimal necrosis. (H&E, X800) 


days later. Both hip and breast wounds healed 
normally. 


Discussion 


In 1952 Verhagen of the Netherlands 
called attention to the occasional relation- 


ship between oral anticoagulants and soft 
tissue necrosis, and 2 years later he re- 
ported 13 cases, one of which involved the 
breast.” °° Following these reports other 
European authors recorded similar exam- 


NECROSIS OF FEMALE BREAST 653 


ples of breast infarction.’ 19 1% 2227 A]. 
though recognition of this entity lagged in 
America, the first case was reported by 
Flood? and associates in this country in 
1943. Their patient received Dicumarol for 
thrombophlebitis migrans disseminata, and 
shortly thereafter, developed progressive 
breast changes. The latter, however, was in- 
terpreted as a further manifestation of the 
original thrombotic disease and was not at- 
tributed to this drug which had only re- 
cently been introduced. Kipen ? in 1961 was 
the first American author to correctly asso- 
ciate these agents with breast destruction. 
In an editorial discussion in 1968 Koch- 
Weser observed that not only had the con- 
dition received little attention in English- 
speaking countries, but was still misinter- 
preted as a hemorrhagic phenomenon. He 
also stated that the actual rate of occurrence 
of soft tissue necrosis in large series varies 
from 0.01 to 1 per cent." Kahn et al.® in 
1971 estimated that there are at least 150 
cases available in the literature, 25 of which 
involve the breast. 

In earlier reports, bishydroxycoumarin 
(Dicumarol) and congeners were the sole 
causative agents. More recently, however, 
sodium warfarin ( Coumadin) has been in- 
creasingly implicated.'? It was the drug em- 
ployed in our two cases. Heparin alone has 
not produced this complication although it 
has frequently been used initially or in con- 
junction with the oral anitcoagulants. 

It is important to emphasize that there 
are occasional other causes of breast gan- 
grene. Interesting additional etiologies in- 
clude trauma, diabetes, carbon monoxide 
poisoning, plastic surgery and infarctions 
of hyperplastic mammary tissue complicat- 
ing pregnancy.* 5$ 9.25?5, 24 (Cutler? in 
1924 described a patient with “apoplexy of 
the breast." and more recently Boersma and 
Engler? reported a case attributed to idio- 
pathic local venous thrombosis. 

When anticoagulants are responsible, 
paradoxical but surprisingly consistent fea- 
tures are characteristic. Our two cases con- 


formed to this pattern. The onset is typ- 
ically sudden in a patient receiving the ac- 
cepted dosage, and in whom the desired 
therapeutic level of prothrombin alteration 
has been obtained. The process invariably 
begins between the third and tenth days 
of treatment and once initiated progresses 
inexorably. It is unaffected by discontinu- 
ance of the causative drugs. In a few pa- 
tients who demonstrated this complication, 
the same or related medications were fur- 
ther administered without involvement of 
additional areas.*? Multiple lesions are 
rare but have occurred. Anatomical sites 
other than the skin and adjacent structures, 
including the breasts, have not been af- 
fected. Extramammary involvement has 
shown a marked preponderance for the 
buttocks, thighs and legs but the face, neck, 
hands and feet have seldom been involved.” 
There is an unexplained predilection for 
middle-aged and older women.?" Although 
the typical breast changes have not oc- 
curred in men, a few have developed extra- 
mammary cutaneous necrosis.” 

The usual initial symptom is mammary 
pain and on inspection extensive ecchymo- 
sis is seen. The latter rapidly envelops the 
entire organ. Marked swelling is associated 
with this spreading discoloration, and rather 
quickly bullae containing serosanguineous 
fluid appear on the surface. (Fig. 1). A 
sharply-demarcated black eschar subse- 
quently develops, but the deep glandular 
tissue is progressively less involved as the 
pectoral fascia is approached (Figs. 2, 3). 
In advanced cases, the latter structure may 
be effected. A consistent triad of acute 
necrotizing arteritis, venous thrombosis, and 
severe necrosis is invariably seen on histo- 
logical examination (Figs. 4, 5, 6). Indeed, 
these characteristic microscopic features dif- 
ferentiate this condition from those caused 
by hemorrhage per se.'39,19$,?^ Most ob- 
servers have recognized and accepted these 
fundamental differences although a few still 
maintain that it is induced by interstitial 
bleeding.*® 71 
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The exact mechanism whereby this group 
of drugs exerts its harmful effects is un- 
known but many interesting explanatory 
theories have been advanced. Some authors 
infer that a transient exorbitant alteration 
of prothrombin activity occurs, but this 
seems doubtful. Nalbandian et al.,? citing 
the work of Humble,® are convinced that 
initial damage is the formation of petechiae 
in the dermatovascular loop followed by se- 
quential changes leading to ultimate necro- 
sis. Others have postulated such widely dif- 
ferent causes as allergic reactions, hyper- 
sensitive conditions, increased local coagula- 
bility, and “toxic” reactions.’* 15 1% ** These 
various explanations are intriguing but 
speculative. 

The treatment has usually been simple 
mastectomy.?* A few have been allowed to 
slough. More recently, debridement of 
necrotic material followed by reconstruc- 
tive procedures has been advocated.* Hep- 
arin as a therapeutic modality has been 
suggested, but no reports proving its effi- 
cacy are available.!* !5 


Summary 


Two additional cases demonstrating mam- 
mary necrosis caused by oral anticoagulants 
have been reported. The consistent clinico- 
pathological features characteristic of this 
startling complication as well as its irre- 
versible course differ strikingly from those 
resulting from hemorrhage alone. Numerous 
unproven theories explaining this peculiar 
pharmaco-pathological reaction have been 
advanced. This condition closely resembles 
arterial infarction on both gross and histo- 
logic examination. Simple mastectomy is 
usually required but recently more conserva- 
tive approaches have been recommended. 
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DISCUSSION 


Dr. Rosert S. SPARKMAN (Dallas): Within 
the past year at Baylor University Medical Center 
in Dallas we have had an opportunity to see a 
patient similar to those described by Dr. Davis. I 
wish to show two slides that are comparable to 
those shown by Dr. Davis. 

[Slide] This patient, however, was a younger 
woman. She was 32 years of age, mentally defec- 
tive, and had been given oral contraceptives for 
menstrual irregularity, after which she developed 
migratory phlebitis. Subsequent to the institution 
of coumadin therapy she developed necrosis of the 
left breast. We first saw her 5 weeks after this 
mammary complication had become evident. At 
the time of her transfer to our hospital the entire 
breast was necrotic. 

[Slide] The second slide is another photograph 
of the same breast showing the wide extent of 
the necrosis. Simple mastectomy was performed, 
leaving the wound open. After a few days the 
wound was closed secondarily. There was never 
any involvement of the right breast, and one 
wonders why this complication does not involve 
both breasts rather than one. 

It is of interest that this patient also had mal- 
rotation of the bowel, agenesis of the gallbladder, 
and a number of arterial anomalies. She continues 
to have migratory phlebitis at this time, but has 
been given no more coumadin. 

We are indebted to Dr. Davis for having ac- 
quainted us with this rare and formidable compli- 
cation of anticoagulant therapy. 


Dr. Cuanres Eckert (Albany): Since we have 
had a case similar to that reported by Dr. Davis, I 
wish to discuss his paper. 

[Slide] This slide illustrates gangrene of the 
breast which occurred in a middle-aged woman 5 
days after the institution of Dicumarol therapy. 
When first seen no one knew exactly what it was 
but after a short search, other reports of this 
strange lesion were found and we realized that 
this was a case of so-called idiosyncratic gangrene 
of the breast occurring as a complication of 
Dicumarol therapy. 
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She was treated by simple mastectomy with 
concomitant application of a Moretz clip to the 
inferior vena cava after which she had a satis- 
factory recovery. Our pathologists did not find 
any specific lesion to which they could attribute 
the gangrenous process. 


Dr. FRANK R. JoHNSTON (Winston-Salem): Dr. 
Davis paper opens up a Pandora's Box about the 
evils of Coumadin therapy. I wish to describe 
one case which I have not been able to find pre- 
viously reported. 

A 65-year-old lady who suffered from angina 
was given Coumadin by her internist. She later 
complained of abdominal pain while playing 
bridge. A few hours later she was admitted to the 
emergency room. The appropriate examinations, 
including a needle paracentesis of the abdominal 
cavity, revealed blood. She underwent transfusion 
and exploratory operation through a long midline 
incision. Two thousand ml. of blood were removed 
from the abdominal cavity, most of which was in 
the right upper quadrant. On the undersurface 
of the liver were two linear, ragged tears in Glis- 
son's capsule which slowly oozed blood. 

Not knowing what to do, we observed her for 
a few minutes, compressed the area with Gelfoam, 
which we held in place for 30 minutes, and 
happily saw the bleeding cease. 

Four days later, when she was improved, we 
did a hepatic arteriogram because of a possible 
vascular malformation or a tumor in the liver. 
This was interpreted as normal. 

Prothrombin time 4 days prior to the mishap 
was 20 second, with a control of 11. She survives 
4 years later. Needless to say, she is not on 
Coumadin. 

We are forced to conclude that this represented 
spontaneous rupture of the liver secondary to 
Coumadin therapy. 


Dr. Geary L. STONESIFER, JR. (Baltimore): In 
Baltimore, at least three patients were believed to 
have had necrosis of the skin induced by Couma- 
din or coumarin congeners. [Slide] The first slide 
is from a 45-year-old man who received 55 mg. 
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of Coumadin over 4 days. He had symmetrical 
lesions of the type shown which occurred on the 
thighs. Evident are petechiae, ecchymosis, and 
bullae. 

[Slide] The next slide, a photomicrograph, shows 
some typical lesions, venous thrombosis, some 
arteritis, some interstitial hemorrhage. 

[Slide] This photomicrograph is from a 64-year- 
old patient with breast necrosis which had de- 
veloped after receiving 50 mg. of Coumadin over 
5 days. The breast necrosis progressed as has been 
previously described, and ultimately a mastectomy 
was required. Evident are interstitial hemorrhage 
and necrosis of the tissue in these areas. 

[Slide] Here we see, again arteritis, with necrosis 
of the artery, typical findings as previously de- 
scribed. 

[Slide] This final photomicrograph is presented 
merely to demonstrate the pitfalls of clinical diag- 
nosis alone. This patient was given some notoriety 
as a case of reaction to Coumadin. This 59-year- 
old lady had carcinoma of the pancreas and 
phlebitis. She developed symmetrical petechiae, 
ecchymoses, and, finally, necrosis of the skin of 
both feet. However, on examination of the tissue, 
no vasculitis was found, no interstitial hemorrhage, 
and no evidence of the syndrome that has been 
described. Here you merely see recannulized 
thrombus. The diagnosis must be established his- 
tologically. 

A few investigators continue to doubt that 
necrosis of the breast and skin following Coumadin 
or coumarin congener therapy is a single disease 
entity. Ultimately, the proof of the association of 
these drugs with this reaction will require the 
accumulation of more well-documented reports, 
such as Dr. Davis has presented. 


Dr. Rosert J. FAutconer (Closing): I am 
particularly impressed with the photomicrographs 
that Dr. Stonesifer has shown of the lesion which 
we believe to be etiological. It may affect the 
breast as active necrotizing arteritis. 

I had the opportunity of evaluating 28 actual 
case reports from a histopathologic standpoint. 
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It was most interesting that in the reports there 
were frequent references to venous thrombosis and 
to hemorrhage within the breast substance which 
was illustrated from time to time as well. Only 
two of the reports actually specified, and only one 
illustrated, active arteritis. I do not know whether 
this was just coincidence or not, both of these 
papers were prepared by pathologists who were 
primarily concerned with the report—one group 
was from Memphis, and another from St. Louis. 

We believe that the arteritis is, actually, the 
fundamental lesion that is present in these breasts. 

I would like to enter a plea that there be 
particular cooperation between surgeons and pa- 
thologists in the evaluation of such mammary find- 
ings in the future, The case reports to date contain 
relatively little information regarding the nature 
of the breast itself beyond the hemorrhagic changes 
which have been seen. We would like to know 
more regarding the size of the breast, and par- 
ticularly whether or not there are other intrinsic 
lesions within the breast more characteristically 
associated with mammary disease. None of the 
cases reported to date have indicated the presence 
of such changes. 

From our second case which Dr. Davis pre- 
sented, I would like to show the first documented 
cases, in which we have coexisting breast disease 
as well. Whether this is fortuitous or not, I do 
not know. Perhaps further evaluation of breasts 
will indicate that there may be some association 
between intrinsic breast disease and a predisposi- 
tion to the development of mammary necrosis on 
the basis of arteritis. 

[Slide] The second case showed a classic lesion 
which is relatively uncommon, characterized by 
the development of marked ductal fibrosis, the 
presence of an intraductal accumulation of fluid 
and in the next slide [slide] the presence of char- 
acteristic crvstal-like inclusions within the detritus; 
and thirdly, [slide] the presence of marked atrophy 
and involution of the ductal epithelium—the lesion 
which has been described by  Haagenson as 
mammary duct ectasia; by Payne and Strauss as 
mastitis obliterans. 
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THE pulmonary manifestations of atelec- 
tasis and pleural effusion secondary to acute 
pancreatitis are well appreciated.* * 1° How- 
ever, the association of acute respiratory 
failure with pancreatitis is not well recog- 
nized nor has its clinical importance on the 
course of the disease been emphasized. A 
group of four patients admitted to The 
Johns Hopkins Hospital with acute pan- 
creatitis and severe respiratory insufficiency 
were followed with arterial blood gas analy- 
sis to measure objectively the impairment of 
respiratory function. Of these patients, two 
died and two had complete recoveries. This 
experience has demonstrated the severity 
of this respiratory complication and sug- 
gested a therapeutic approach to its man- 
agement. 


Case Reports 


Case 1. D. C., a 27-year-old woman with past 
history of acute pancreatitis and a normal oral 
cholecystogram was admitted to another hospital 
with a second episode of abdominal pain. Serum 
amylase was over 1,200 Somogyi units, serum cal- 
cium was 4.8 mg./100 ml., and bilirubin was nor- 
mal. The patient developed respiratory distress, 
ascites and oliguria. She was treated with calcium 
gluconate and transferred to The Johns Hopkins 
Hospital. On physical examination, she was mori- 
bund with a pulse of 176, blood pressure 112/90 
mm. Hg. with labored respirations at 48/minute. 
The abdomen was distended and rigid with absent 
bowel sounds and massive ascites. There were 
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positive Chvostek and Trousseau signs. The serum 
amylase was 604 Somogyi units (normal: less than 
160 Somogyi units), bilirubin was normal, and 
calcium was 5.3 mg./100 ml. Serum was grossly 
lactescent; and serum triglyceride level was 2833 
mg./100 ml. (normal 0 to 150 mg./100 ml.) with 
a cholesterol level of 363 mg./100 ml. (normal 
150-250 mg./100 ml.). Chest x-ray revealed 
marked elevation of both diaphragms with bilateral 
basilar atelectasis. Arterial blood gases revealed 
a Po: of 45 mm. Hg, Pco» of 28 mm. Hg, and 
pH of 7.32 (Fig. 1). The patient was treated with 
intravenous calcium chloride, IV fluids, digoxin, 
and oxygen. Four hours after admission, she suf- 
fered respiratory arrest and was placed on a 
positive pressure ventilator. She remained hypo- 
calcemic and hypoxemic until death on the fourth 
hospital day. On postmortem examination, the lungs 
were edematous with multiple small petechial hem- 
orrhages subpleurally. Two thousand cc. of turbid 
yellow fluid were present in the abdominal cavity 
and all peritoneal surfaces were covered by chalky 
fibrinous exudate. The pancreas showed marked 
fatty necrosis with deposition of calcium. The body 
of the pancreas was diffusely fibrotic and no recog- 
nizable pancreatic tissue was seen; the head of the 
pancreas was relatively normal. Microscopically, the 
lungs revealed hyalin membranes and interstitial 
pneumonitis associated with alveolar atelectasis 
and marked congestion. 

Case 2. A. C., a 53-year-old obese woman, 
was admitted to The Johns Hopkins Hospital 
severely dehydrated and ill. She complained of a 
sudden onset of epigastric pain associated with 
nausea and vomiting which had persisted for 2 
weeks. Alcohol intake was denied by the patient 
and her family. 

Blood pressure was 150/90 mm. Hg, pulse 132, 
respirations 40/min, and temperature 101.3? F. 
Breath sounds were clear and abdominal examina- 
tion revealed tenderness in the epigastrium with 
absent bowel sounds. Amylase was 350 Somogyi 
units and bilirubin was normal. Chest x-ray re- 
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Fic. 1. Serial arterial Pos values for the two 
patients who did not survive. The type of respira- 
tory assistance and oxygen therapy is indicated on 
each line (see inset). 


vealed bilateral platelike atelectasis. By the second 
hospital day, the patient was having increasingly 
labored respirations; arterial Pos was 63 mm. Hg; 
pH was 7.45; Pcos was 23 mm. Hg; and standard 
bicarbonate was 20 Meq./l. The patient was 
thought to have an intra-abdominal abscess sec- 
ondary to a perforated ulcer. Inspection at laparot- 
omy revealed a swollen, edematous pancreas with 
areas of fat necrosis in the transverse mesocolon. 
There was no evidence of perforation or abscess 
formation. A small amount of brownish, peritoneal 
fluid had an amylase of 1,760 S.U. A liver biopsy 
revealed acute fatty infiltration. Postoperatively, 
the patient's respiratory function deteriorated with 
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Fic. 2. Serial arterial Pos values for surviving 
patients. The type of respiratory assistance is indi- 
cated as in Figure l. Note that albumin and 
diuretic therapy, indicated by horizontal bars, was 
associated with improved oxygenation which was 
maintained following extubation. 
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a Pos of 56 mm. Hg on 40% oxygen and mechan- 
ical ventilation (Fig. 1). With the use of expira- 
tory retard to provide continuous positive pressure 
ventilation, Pos rose to 107 mm. Hg. Serum cal- 
cium fell to 5.7 mg./100 ml., bilirubin rose to 3.3 
mg./100 ml. and serum amylase feel to 80 S.U. 
On the third postoperative day, the patient devel- 
oped bilateral diffuse pulmonary infiltrates and 
Pos fell to 48 mm. Hg. The remainder of the post- 
operative course was characterized by persistent 
bilateral pulmonary infiltrates, hypoxemia, hypo- 
calcemia, and acute renal failure. On culture the 
sputum repeatedly grew normal flora until yeast 
grew out terminally. She died on the 29th post- 
operative day from Candida septicemia, probably 
secondary to an infected intravenous catheter. 
Post-mortem examination revealed acute edematous 
pancreatitis with extensive fat necrosis. The lungs 
were heavy and edematous. There was generalized 
congestion, edema and atelectasis in all lobes with 
subpleural petechial hemorrhage. Microscopically, 
severe generalized alveolar atelectasis and organiz- 
ing interstitial pneumonitis was noted. Candidiasis 
was noted in both lower lobes. 

Case 3. G. F., a 40-year-old chronic alcoholic 
man, was admitted to The Johns Hopkins Hospital 
after a one-day history of severe abdominal pain 
following heavy ingestion of alcohol. On examina- 
tion, he was afebrile and had a pulse of 108 and 
respirations of 24/minute. The breath sounds were 
clear. The epigastrium was exquisitely tender and 
bowel sounds were diminished. The hematocrit was 
50, the leukocyte count was 18,000 and lactescent 
serum was noted. Serum amylase was 119 Somogyi 
units with a normal serum bilirubin. On the second 
hospital day, the patient's temperature reached 
103° F. and amylase rose to 175 S.U. He became 
tachypneic and the arterial Po» was 52 mm. Hg, 
Pco: was 35 mm. Hg, pH was 7.48, standard bicar- 
bonate was 27 mEq./L. Because of persistent peri- 
toneal signs with only borderline amylase elevation, 
the patient underwent exploratory operation. At 
operation the pancreas was edematous and in- 
durated, and the transverse mesocolon was stippled 
with areas of fat necrosis. There was a moderate 
amount of brownish peritoneal fluid which had an 
amylase of 628 S.U. Postoperatively, the patient re- 
mained febrile to 103? F., and was noted to be 
cyanotic and tachypneic following extubation. Arte- 
rial Pos was 62 mm. Hg; chest x-ray revealed dif- 
fuse pulmonary congestion (Fig. 3). An endotra- 
cheal tube was reinserted and the patient was ven- 
tilated with a positive pressure respirator. The 
Pos rose to 85 mm. Hg with an inspired oxygen 
concentration of 70% and the use of an expiratory 
retard to provide an elevation of the end expiration 


RESPIRATORY INSUFFICIENCY WITH PANCREATITIS 659 


Fic. 3a, b. Chest x- 
rays of patient 3, G. F., 
taken on the third and 
sixth postoperative days, 
ecc Note that 
diffuse fluffy  infiltrates 
had partially cleared fol- 
lowing two days of albu- 
min and diuretic therapy. 
The patient had continu- 
ous positive pressure res- 
pirator assistance when 
these x-rays were taken. 


pressure. The calcium fell to 6.0 mg./100 ml., and 
hypocalcemia persisted despite parenteral adminis- 
tration of calcium ion. Severe hypoxemia attended 
repeated attempts at extubation, and the patient 
suffered a respiratory arrest on the third post- 
operative day. He was successfully resuscitated 
and underwent tracheostomy the next day. Despite 
careful monitoring of central venous pressure to 
avoid fluid volume overloading, diffuse interstitial 
infiltrates persisted. A 7-day course of intravenous 
albumin (50-75 Gm./day) and intensive diuretic 
therapy was instituted (Fig. 2). By the 12th post- 
operative day, improvement was noted and the 
patient was successfully weaned off the respirator 
with an arterial Pos of 98 mm. Hg. Pulmonary in- 
filtrates progressively cleared and the patient went 
on to make a complete recovery (Fig. 4). He has 
been asymptomatic with normal arterial blood gas 
tensions and spirometric values 10 months after 
discharge. The Po: was 92 mm. Hg, Pcos was 31 
mm. Hg, pH was 7.45 and standard bicarbonate 
23 mEq./l. The forced vital capacity was 3.4 liters 
with an FEV, of 3.03 liters (89% FVC). 

Case 4. D. H., a 49-vear-old Creek Indian was 
admitted to the emergency room with a 2-month 
history of post-prandial right epigastric abdominal 
pain radiating straight through to the back, and 
a 2-day history of severe nausea and vomiting. Past 
history included a 2-year-admission to a sanitarium 
for pulmonary tuberculosis and a long history of 
alcoholism. Family history was strongly positive 
for cholelithiasis. On physical examination, the tem- 
perature was 99? F., respirations were 16, blood 
pressure was 130/90 mm. Hg, and pulse was 80. 
The abdominal findings included moderate upper 
quadrant tenderness without rebound and hypo- 
active bowel sounds. On admission, the hematocrit 
was 45, WBC 11,000, amylase 94 S.U,, bilirubin 
0.8 mg./100 ml, and calcium 9.1 mg./100 ml. 
The EKG revealed T-wave changes suggestive of 
myocardial ischemia. The chest x-ray revealed only 





atypical scarring and hyperlucency. The patient 
was initially admitted to the medical service as a 
presumptive case of myocardial infarction because 
of the EKG findings associated with low substernal 
chest pain; however, serial EKG's and enzymes 
failed to document myocardial ischemia. Mean- 
while, the patient was treated with nasogastric suc- 
tion, IV fluids, and Chloramphenicol, but continued 
to have right upper quadrant pain and developed 
a fever to 103^ F and a right paramedian ab- 
dominal mass. Serum calcium was 7.5 mg./100 ml., 
arterial blood gases included Po: of 70 mm. Hg, 
Pco. of 38 mm. Hg, PH of 7.45 and standard 
bicarbonate of 27 mEQq./l. on room air. 

On the seventh hospital day, he underwent ex- 
ploratory laparatomy in which the findings in- 
cluded a minimally inflamed mildly thickened gall- 
bladder, and a markedly edematous pancreas. Peri- 
toneal fluid had an amylase of 5,200 S.U. A 
cholecystostomy was performed. 





Fic. 4. Normal chest x-ray in patient 3, G. F., 
an prior to discharge on the 30th postoperative 
ay. 
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Extubation was attempted on the second post- 
operative day, but the patient became confused 
and combative. The arterial blood gas analysis re- 
vealed Pos of 42 mm. Hg and Pco: of 38 mm. Hg; 
therefore, the patient was reintubated and put on 
the respirator with continuous positive pressure 
ventilation. Chest x-rays revealed blurring of the 
right hemi-diaphragm with fluffy interstitial in- 
filtrates. The patient was vigorously treated for 4 
days with fluid restriction, albumin, and diuretics 
in an attempt to mobilize excess extracellular in- 
terstitial fluid. Arterial blood gases progressively 
improved (Fig. 2) and the patient was success- 
fully extubated on the fifth postoperative day. The 
patient made steady improvement with clearing of 
infiltrates and went on to complete recovery. He 
was discharged on the 26th hospital day. Arterial 
blood gas and pulmonary function studies 3 months 
after admission were obtained. The Pos was 131 
mm. Hg, the Pcos was 30 mm. Hg, the pH was 
7.4 and standard bicarbonate was 20 mEq./l. The 
forced vital capacity was 3.48 liters and FEV: was 
2.35 liters (68% FVC) which indicated a slight 
obstructive pulmonary defect. 


Comments on the Clinical Course of 
Patients with Respiratory Failure 
and Pancreatitis 


Each case reported represents a severe 
form of edematous or necrotizing pancreati- 
tis. Each patient showed marked hypocal- 
cemia (calcium less than 7.5 mg./100 ml.) 
early in the course which persisted despite 
parenteral administration of calcium ion. 
Edmondson and Burn,’ reporting on the as- 
sociation of pancreatic necrosis with serum 
calcium levels, have suggested that a cal- 
cium less than 7.0 mg./100 ml. indicated a 
fatal prognosis. The persistence of hypocal- 
cemia in our patients tended to reflect con- 
tinuing pancreatitis even after serum amy- 
lase values had returned to normal range. 
This was particularly striking in those pa- 
tients that died in that each patient showed 
persistent hypocalcemia with normal amy- 
lase levels during the course of illness and 
both showed severe active pancreatitis at 
autopsy. In the patients who survived, the 
serum calcium levels remained low until 
clinical evidence of improvement was noted; 
then it returned to normal. 
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All of the patients were in severe respira- 
tory distress with hypoxemia (admission 
Po; equal to 45-70 mm. Hg) and tachypneia 
early in the course of the pancreatitis be- 
fore pulmonary infiltrates became manifest. 
None of the patients had evidence of under- 
lying pulmonary disease. The patients dif- 
fered in the severity and duration of pul- 
monary problems. In patient 1 (D. C.), 
severe respiratory insufficiency precipitated 
an early and fatal respiratory arrest. In the 
other cases the pulmonary injury was com- 
plicated by a superimposed pneumonia 
which cleared with appropriate antibiotic 
agents except in patient 2 (A. C.) in whom 
diffuse pulmnoary infiltrates persisted and 
the pulmonary status was eventually com- 
plicated by candidiasis. 

The effect of operation on the course of 
necrotizing pancreatitis remains controver- 
sial.* € However, patients such as ours with 
respiratory insufficiency, certainly do not 
tolerate general anesthesia well, since we 
were unable to extubate any of our patients 
in the early postoperative period and even- 
tually had to proceed with tracheostomy 
in two. Mechanical ventilation may have 
been necessary in these patients, regardless; 
but the addition of an operation adds to the 
problem. Operative intervention was neces- 
sary in three of our patients for fear of an 
unrecognized abdominal catastrophe and 
when pancreatitis was found, the simplest 
form of biliary decompression was carried 
out. 


Etiology of Pulmonary Insufficiency 
in Acute Pancreatitis 


There has been much speculation over 
the mechanism of respiratory insufficiency 
in pancreatitis. Any abdominal inflamma- 
tory process, of course, may involve the 
diaphragm and reduce ventilatory excur- 
sion. In addition, a severe peritoneal insult 
increases the required work load of the 
lung because the inflammatory process 
causes a considerable increase in energy 
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expenditure. Burke and co-authors? have 
stated that respiratory failure seen in ab- 
dominal inflammation results from an in- 
creased demand and concomitant decrease 
of total respiratory ability. One could ex- 
plain the respiratory failure in necrotizing 
pancreatitis on this basis. 

More complex mechanisms, however, 
have been invoked to explain the severe 
pulmonary insufficiency seen in necrotizing 
pancreatitis. A specific mechanism by which 
pulmonary injury could occur has been sug- 
gested by Zieve, who demonstrated that 
serum lecithinase was increased in patients 
with acute pancreatitis by a factor of 10.? 
The lecithins of pulmonary surfactant which 
is essential to normal pulmonary function, 
are potential substrate for this enzyme re- 
leased by the inflamed pancreas. Morgan 
et al? showed that I labelled lecithinase, 
injected intravenously, is bound principally 
to pulmonary tissue and when phospholipase 
A, an enzyme very similar to lecithinase is 
infused intravenously into dogs, a decrease 
in pulmonary surface activity and an in- 
crease in surface tension was observed. 
Clinically, the dogs became tachypneic, 
showed hypoxemia and hypercapnia, the 
inference being that surfactant, a phospho- 
lipid containing lecithins, is destroyed by 
pancreatic phospholipase or lecithinase re- 
sulting in diffuse alveolar collapse and se- 
vere atelectasis. 


Therapy of the Respiratory Insufficiency 
Secondary to Pancreatitis 


The conventional modes of therapy for 
the underlying pancreatitis were used on 
our patients; that is, fluid management with 
Ringer’s solution and colloid, nasogastric 
suction, anticholinergics, and antibiotics. In 
particular regard to respiratory insufficiency, 
early use of the mechanical ventilator can 
be life sustaining. Indeed, all of our pa- 
tients required ventilatory support during 
the course of the disease. We have found 
that the volume regulated piston-type ven- 


tilator, such as the Emerson (Emerson Co., 
Cambridge, Mass.) is the most dependable 
means of maintaining satisfactory alveolar 
expansion with the severely reduced pul- 
monary compliance seen in these patients. 

The use of continuous positive-pressure 
breathing, as suggested by Ashbaugh,' has 
been beneficial in the treatment of intract- 
able atelectasis and is often associated with 
a rise in arterial Pos. A simple expiratory 
resistance device is attached to the expira- 
tory vent of the respirator to insure con- 
tinuous positive pressure breathing with 
maximal alveolar expansion and improve- 
ment in O, diffusion. Such a device was 
employed in three of our patients, includ- 
ing both of the survivors. 

The chest films of these patients revealed 
that fluid is pooled in the lungs in the form 
of interstitial edema which contributes to 
alveolar collapse causing a decrease in the 
functional volume of the lung. Such changes 
were noted in all of our patients despite 
careful monitoring of intravenous fluid ther- 
apy with central venous pressures to avoid 
fluid overload. In patients 3 and 4 we used 
large amounts of salt poor albumin and in- 
tensive diuretic therapy to mobilize this 
fluid with marked improvement in arterial 
Po, (Fig. 2). This therapy as originally 
described by Skillman et al.1* seemed to 
constitute the primary factor enabling us 
to wean these patients completely from the 
respirator. Pneumonia, a fear in all respira- 
tor patients, is treated with specific anti- 
biotic agents when positive cultures are ob- 
tained in the presence of pulmonary infil- 
trates. Infiltrates associated with culture of 
normal flora were interpreted as interstitial 
edema and alveolar collapse. 

An intriguing therapeutic approach as yet 
untried in our patients is peritoneal dialysis. 
Several groups * ** have described dramatic 
recoveries following peritoneal dialysis in 
cases of hemorrhagic pancreatitis. The con- 
cept of "washing out" pancreatic enzymes 
via the general peritoneal cavity is appeal- 
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ing; most interestingly, the peritoneal lav- 
age has allegedly been followed by correc- 
tion of electrolyte abnormalities and the re- 
_versal of the rapidly progressive pulmonary 
insufficiency. 


Summary 


The cases of four patients with severe 
edematous or necrotizing pancreatitis have 
been reported. All were demonstrated to 
have severe hypoxemia and hypocalcemia 
early in the course of the disease. Persistent 
hypocalcemia tended to reflect smoldering 
pancreatic necrosis after serum amylase re- 
turned to normal. Hypoxemia seemed to 
arise from severe atelectasis and interstitial 
edema early in the course of pancreatitis 
while pneumonia generally followed as a 
complication. Early intubation and positive 
pressure ventilation is indicated in this form 
of pancreatitis. 

Alveolar collapse is prevented by the use 
of continuous positive pressure breathing. 
Pulmonary interstitial edema is mobilized 
by the use of albumin concentrates and 
diuretics. Two of our patients were treated 
in such a manner and survived this malig- 
nant form of the disease. 
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Pancreatoduodenectomy for Trauma: 
Clinical and Metabolic Studies 
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V. Lacuna, M.D. 


From the Department of Surgery Division of Gastroenterology, University of Miami 
School of Medicine, Miami, Florida 


RECENTLY it has been recognized that 
pancreatoduodenectomy has a place in the 
treatment of certain complicated injuries 
of the duodenum and head of the pancreas. 
More patients warranting such procedures 
are being treated since emergency trans- 
portation and resuscitation have improved 
their chances of reaching the operating 
room alive. Previous studies have shown 
that pancreatoduodenectomy for cancer or 
severe pancreatitis is sometimes followed by 
a moderate to severe degree of pancreatic 
insufficiency. It is difficult to know how 
much of this insufficiency is due to patho- 
logic changes in the pancreatic remnant sec- 
ondary to pre-existing pancreatic duct ob- 
struction. This does not apply to the victim 
of trauma in whom the residual pancreas is 
usually normal. Many of these patients are 
young and a special study of the late meta- 
bolic response to pancreatoduodenectomy 
is particularly needed. This report is based 
upon four patients requiring pancreatico- 
duodenectomy for duodenal and pancreatic 
injuries, three of whom survived and have 
been followed for as long as 4 years. 


Presented at the Southern Surgical Association 
Meeting held at Hot Springs, Virginia, December 
6-8, 1971. 

* Present Address: Emory University School of 
Medicine, Department of Surgery, Thomas K. 
Glenn Memorial Building, 69 Butler Street, S.E., 
Atlanta, Georgia 30303. 
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Case Reports 


Case 1. A 46-year-old man sustained a gun- 
shot wound in the epigastrium and upon explora- 
tion was found to have extensive damage to the 
second and third parts of the duodenum. After 
repairing a small tear in the inferior vena cava, 
the head of the pancreas and the duodenum were 
resected. Vagectomy and hemigastrectomy were 
done ard the gastrointestinal tract was recon- 
structed by end-to-end pancreaticojejunostomy, 
side-to-side cholecystojejunostomy and  gastroje- 
junostomy in that order. The pancreaticointestinal 
anastomosis was done by suturing the intestine to 
the cut surface of the pancreas rather than the 
pancreatic duct itself. Postoperatively the patient 
did well and left the hospital in 3 weeks. 

Case 2. A 38-year-old woman was admitted to 
the hospital shortly after being hit by a car. She 
was in mild shock and had significant tenderness 
and rigidity, more marked in the epigastrium. At 
operation, the pancreatic and common bile ducts 
were found completely avulsed and there were 
multiple lacerations of the second and third parts 
of the duodenum and the head of the pancreas. 
Pancreatoduodenectomy was done using the tech- 
nic described in the first case. The patient had an 
uneventful recovery and was discharged on the 
26th postoperative day. 

Case 3. A 14-year-old boy was shot in the 
back, sustaining extensive laceration of the second 
and third parts of the duodenum, the common 
bile duct, the pancreatic duct and the head of the 
pancreas. Severe shock was corrected by blood 
transfusion and control of bleeding vessels. Pan- 
creatoduodenectomy was done and the gastroin- 
testinal tract was reconstructed as was mentioned 
except both the gallbladder and the common duct 
were anastomosed separately to the jejunum. No 
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vagectomy was performed. The patient did well 
and he left the hospital on the 22nd postoperative 
day. 

Case 4. A 45-year-old man suffered rib frac- 
tures, dislocation of the left hip and severe damage 
of the duodenum and the head of the pancreas as 
a result of a steering wheel injury. On admission 
he was in profound shock and so remained through- 
out the operation. Rapid pancreatoduodenectomy 
was done and no attempt was made to anastomose 
the pancreas to the jejunum. Instead the pancreatic 
stump was suture ligated and then the jejunum 
was anastomosed to the gallbladder and the stom- 
ach. Postoperatively the patient remained hypoten- 
sive and the serum amylase continued to rise until 
he died on the fourth postoperative day. Autopsy 
showed acute hemorrhagic pancreatitis of the re- 
sidual gland and extensive necrosis of the retro- 
peritoneal fat and muscles. 


Metabolic Studies 


These studies were done on the three 
survivors 18-24 months after operation. 


a) Fat Balance Studies 


The patients were given a diet containing 
100 Gm. of fat for 10 to 14 consecutive days. 
The total fecal fat collection was begun on 
the third day and determined by the method 
of van de Kamer. The proportion of fat 
absorption was calculated daily from de- 
terminations of dietary, uneaten fecal fat. 
The fat balance studies were repeated after 
administration of pancreatin (Viokase) 1 
Gm. TID, together with the standard meal 
for 10 days. Similar fecal fat studies which 
were done in the same laboratory in normal 
controls and in patients after total pan- 
createctomy were included for comparison. 


b) Intraluminal Studies 


The jejunal lipase concentration was de- 
termined in three healthy adults used as 
controls and in two patients (Cases 2 and 
3) who had pancreatoduodenectomies for 
trauma. À polyvinyl radiopaque tube was 
inserted, and the distal opening was placed 
in the proximal jejunum. The patient was 
then given a test meal containing 50 Gm. 
protein, 50 Gm. fat in a volume of 500 ml. 
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Aspirates were obtatined from the tube, 
fastirg end at 30-minute intervals for 180 
minutes. Lipase concentration in the in- 
testiral aspirate was determined using trio- 
lein substrate. 

The test was repeated after giving the 
patient 100 units of secretin intravenously 
and once more after giving the patient 15 
mg. probanthin TID for 24 hours. 


c) Glucose Metabolism 


A glucose tolerance test was done on all 
patients and serum insulin response to glu- 
cose intake and to tolbutamide was studied 
in one patient (Case 3). 


Results 
a) Clinical Evaluation 


Table 1 summarizes the clinical response 
to operation. Three of four patients survived 
and the mean postoperative hospital stay 
was 24 days. All patients maintained normal 
bocy weight and were able to resume their 
preoperative responsibilities. One patient, 
wh» was 14 years old at the time of injury, 
maintained normal physical development 
during 4 years of observations. 

Patient 2 was hospitalized twice for mild 
attacks of cholangitis 6 months and 12 
months after operation and she responded 
to antibiotic therapy on both occasions. 
There was no radiologic evidence of nar- 
rowing at the site of choledochojejunos- 
tomy. During the second postoperative year, 
patient 1 had two episodes of abdominal 
pain associated with moderate elevation of 
serum amylase level. He admitted heavy 
drinking both before and after operation. 
H-s hospital stay on each admission was 2 
weeks. None of the patients developed 
intra-abdominal infection or TERDAN 
pancreatic fistula. 


b) Fat Assimilation 


Fat absorption studies showed that there 
was only mild elevation of fecal fat on 100 
Gm. fat diet (Fig. 1). This is in marked 
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TABLE 1. Clinical Evaluation 
Age 
& Cause of Associated Early Hospital Late 
Patient Sex Injury Injury Complications Stay Complications Results 
Casei 46M Gunshot LV.C. — 28 days Pancreatitis | Normal weight, 
? alcoholic, unemployed 
2 episodes before and 
after operation 
Case2 38 F Blunt trauma, — — 26 days Cholangitis, | Normal weight, 
car accident 2 episodes employed full 
time 
Case3 14 M Gunshot — Superficial 22 days — Normal weight, 
wound infec- employed full 
tion 22 days time 
Case4 45M Blunt trauma, Fractured ribs Acute 4 days — Death 
car accident and left hip pancreatitis 


contrast to severe steatorrhea which was en- 
countered in patients who had total pan- 
createctomies. There was no significant 
change in the fecal fat content when the 
patients were given oral pancreatic enzymes 
for a few days before the study. 

The maximum and the mean values of 
jejunal lipase concentration after standard 
test meal were similar to those obtained in 
healthy young controls (Fig. 2). Neither 
secretin nor probanthine modified lipase re- 
lease from the pancreatic remnant in re- 
sponse to food intake. These studies were 
not significantly different in Case 3 in which 
vagectomy was not performed. 


c) Glucose Metabolism 


None of the patients had clinical diabetes 
before or after the operation. Patient 1 had 
a transient elevation of the blood glucose 
level an episode of subacute pancreatitis. 
No patient required insulin or dietary regu- 
lation. The one patient in whom serum in- 
sulin levels were measured showed normal 
fasting level and a normal response to glu- 
cose ingestion and tolbutamide injection 
(Figs. 3 and 4). 


Discussion 


Combined injuries of the duodenum and 
pancreas are associated with considerable 


morbidity and mortality. Cleveland * had 
one survival among six patients while Don- 
ovan? reported three deaths in a series of 
nine cases. In a collective review of such 
injuries, Kerry and Glas" found a death 
rate of 78%, a much higher figure than the 
mortality associated with isolated injuries of 
either the pancreas or the duodenum.'* 19 
In an early report, Thal ?° drew attention 
to the potential advantage of pancreato- 
duodenectomy in the treatment of selected 
instances of pancreatic and duodenal in- 
juries. One of his two patients recovered 
and was well 6 months after operation. Sub- 
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Fic. 2. Jejunal lipase concentration in Cases 
2 and 3 in response to standard meal, meal and 
secretin and meal and probanthine. The shaded 
area represents the normal range in healthy adults. 
On the left hand side the cixcles represent the 
mean of the concentration of six 30-minute spec- 
imens and on the right hand side they represent 
the maximum concentration of any one of the six 
samples. 


sequently few similar reports appeared in 
the literature. ^ ® 10 16 16 Nance ?? collected 
a total of 25 cases of pancreatoduodenec- 
tomy for trauma, including five cases of his 
own, with an overall mortality of 24%. 
The operative management of pancreatic 
and duodenal injuries largely depends upon 
the location and extent of tissue damage. If 
the duodenum remains viable and the in- 
jury does not involve the main pancreatic 
duct, duodenal repair and debridement of 
the traumatized pancreatic tissue may suf- 
fice. On the other hand, transection of the 
central end of the pancreatic duct, together 
with extensive devitalization of the second 
part of the duodenum, if managed in the 
same way, would leave a suture line in a 
bowel wall with compromised blood supply 
and continuously exposed to the digestive 
action of pancreatic enzymes. This fre- 
quently leads to duodenal or pancreatic 
fistulae and serious septic complications. 
With less extensive injuries the choice of 
operative procedure may be less obvious. 
The surgeon has to assess the risks involved 
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in each individual case, taking into con- 
sideration the extent of tissue damage, 
the patieots general condition, and the 
seriousness of associated injuries. During 
the period of this study 92 cases of com- 
bined ducdenal and pancreatic injuries were 
treated. On nine occasions the resident's 
decision was to excise the duodenum and 
the head of the pancreas, but the attending 
surgeon agreed in only four instances; the 
remaining five patients were successfully 
treated by duodenal repair and debridement 
of the devascularized pancreatic tissue. 

The operative technic is basically the 
same whether the operation is done for in- 
jury cr for tumor. However, in trauma pa- 
tients it is technically easier to use the gall- 
bladder for the biliary anastomosis because 
the common duct is unlikely to be dilated. 
Unless long-term follow-up reveals a high 
incidence of delayed cystic duct obstruc- 
tion, theze seems to be no need to do both 
choledochojejunostomy and cholecystoje- 
junostomy at the same time. 

There is clinical and experimental evi- 
dence that, at least the distal half of the 
stomach should be removed at the time of 
the »ancreatoduodenectomy to minimize 
the incidence of anastomotic ulcers. War- 
ren * reported three such ulcers in four pa- 
tients who had only a limited gastric resec- 
tion at the time of total pancreatectomy. It 
is w.dely assumed that vagectomy signifi- 
cantty reduces the incidence of this com- 
plicstion. 

There is less agreement regarding the ex- 
tent of pancreatic resection and the means 
of management of the pancreatic remnant 
after pancreatoduodenectomy. Warren ?? 
stated =hat pancreatic duct ligation after 
pancreatoduodenectomy was consistent with 
recavery but he claimed that failure to 
anastomose the pancreatic duct to the in- 
testinal tract would increase the incidence 
of pancreatic fistula, peritoneal infection 
and. postoperative hemorrhage. On the 
other hand, Brunschwig ? believes that con- 


PANCREATODUODENECTOMY FOR TRAUMA 667 


tinued patency of the pancreatic duct is 
highly unlikely and for this reason he does 
not fee] that reimplantation of the duct is 
necessary. In a retrospective study Gold- 
smith 5 found no difference in the morbidity 
or the mortality whether the duct was 
ligated or reimplanted. ReMine ** found the 
endocrine and exocrine deficiencies after 
total pancreatectomy not too difficult to 
manage medically. Therefore, he recom- 
mended total pancreatectomy to avoid the 
lethal complications of pancreatic leak often 
encountered after pancreatoduodenectomy. 
It is important to note here that all these 
authors have reached these different conclu- 
sions on the basis of their experience with 
the Whipple procedure or total pancreatec- 
tomy for malignancy or chronic relapsing 
pancreatitis. 

Whether the advantages or disadvantages 
of anastomosing the pancreatic remnant to 
the intestine after pancreatoduodenectomy 
in patients who have long-standing pan- 
creatic duct obstruction would apply to the 
trauma patients is not yet known. The find- 
ings in our study indicate that the residual 
pancreatic tissue continued to function sat- 
isfactorily in three patients on whom this 
operation was performed for injury. They 
all: maintained normal body weight and 
none of them required pancreatic supple- 
ment or dietary regulation. The studies 
showed that the fasting lipase concentration 
in jejunal aspirate was normal and its level 
increased normally after a standard meal, a 
response which was not significantly modi- 
fied either by secretin or probanthine. This 
clearly demonstrates the excellent reserve 
function of pancreatic tissue as well as its 
ability to respond to food intake in absence 
of the duodenal loop. The mild degree of 
steatorrhea which was noted in the present 
study was not significantly reduced by pan- 
creatic supplements. Similar steatorrhea is 
known to occur after gastric resection and 
gastrointestinal anastomosis.!? The excellent 
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Fic. 3. Glucose tolerance of serum insulin after 
pancreatoduodenectomy. Case 3 


metabolic response to pancreatoduodenec- 
tomy in this studv stands in marked con- 
trast to the disabling steatorrhea which fre- 
quently follows total pancreatectomy ?? ?*: ?5 
or Whipple's procedure and pancreatic duct 
ligation.5 It also indicates that the pan- 
creatic insufficiency which is sometimes seen 
after pancreatoduodenectomy for tumor 5 
is probably the result of pre-existing pan- 
creatic duct obstruction. Although ligation 
of the pancreatic duct has been accom- 
plished with no serious side effects in pa- 
tients with long-standing duct stenosis, yet 
this technic may not be àpplicable to pa- 
tients who show no evidence of obstructive 
pancreatic disease. The fact that the only 
patient in our series who had ligation of 
the pancreatic duct died from acute hemor- 
rhagic pancreatitis raises some serious ques- 
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Fic. 4. Serum insulin response to tolbutamide after 
pancreatoduodenectomy. Case 3 
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tion about the safety of this technic under 
these circumstances. 

Impairment of carbohydrate metabolism 
is another strong argument against perform- 
ing total excision of the pancreas when the 
injury does not extend to the distal part of 
this organ. Our experience ?* as well as that 
of others 7° has shown that the diabetic state 
which follows total pancreatectomy is often 
difficult to manage and even small doses of 
insulin may induce serious hypoglycemia. 
These metabolic derangements may seri- 
ously complicate the postoperative care of 
the critically injured patients. Long-term 
follow-up has shown that diabetic nephro- 
sclerosis and diabetic retinopathy can occur 
in these patients.*: * Freedom from diabetes 
and its complications has certainly helped 
our patients to resume their preoperative 
activities and to lead a near-normal life. 


Summary 


All previous studies of the metabolic con- 
sequences of pancreatoduodenectomy have 
been done on patients who had either can- 
cer or severe pancreatitis, both of which are 
usually associated with pancreatic ductal 
obstruction. In contrast, the trauma patients 
presumably have a normal pancreas until 
the time of accident. 

Four patients with severe trauma for 
whom pancreatoduodenectomy was per- 
formed are reported. Three survivors were 
followed up to 4 years. They were able to 
return to their previous vocations. None of 
the patients had diabetes either before or 
after the operation. Delayed metabolic stud- 
ies which were performed in these patients 
revealed the following: 

1) There was only a slight increase in the 
fecal fat content as compared with the 
marked steatorrhea which frequently fol- 
Jows total pancreatectomy or pancreatoduo- 
denectomy with ligation of the pancreatic 
duct. All patients maintained their normal 
body weight without any dietary regulation 
or pancreatic supplement. 
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2) Jejunal lipase concentration showed a 
normal increase in response to a standard 
meal; neither probanthine nor secretin 
modified this response. 

3) The presence of the duodenal loop is 
not essential for hormonal release of pan- 
creatic enzymes in response to food intake. 

4) In contrast to those with total pan- 
createctomy, patients who had pancreato- 
duodenectomy for trauma did not require 
any insulin, a significant advantage in the 
postoperative care of critically injured pa- 
tients. 
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DISCUSSION 


Dn. JosepH S. McLavcnuumN (Baltimore): Dis- 
cussing Paper No. 6: Last year before this Associa- 
tion I presented the results from the University of 
Maryland concerning respiratory insufficiency fol- 
lowing trauma. When I noted Dr. Zuidema's paper 
on the program I looked back through our series 
and found that at least one of these patients had 
rather severe pancreatitis, followed by a very 
severe bout of respiratory insufficiency. A few 
weeks ago I was asked to see another patient with 
severe pancreatitis following gastrectomy who also 
had severe respiratory insufficiency. I should add, 
that both of these patients were treated in the 
manner described. 

There seems to be an association between these 
two entities, The first question that I would ask 
is: How frequent is this association? Would Dr. 
Zuidema care to comment on the incidence of 
respiratory insufficiency in the total group of 
patients with pancreatitis seen in recent years? 

The second thing I would like to discuss is the 
etiology of this disorder. Certainly in recent years 
the consideration of respiratory insufficiency fol- 
lowing various types of trauma has become a very 
important part of our over-all approach to the 
patient who is ill, but why does this edema oc- 
cur? Pathologically, it is an interstitial edema. It 
can accumulate in enormous amounts. These pa- 
tients often have no physical findings, and yet are 
dying from what is frank pulmonary edema. It can 
develop following the infusion of large amounts of 
fluid, as illustrated by the Vietnam war conflict 
series. It can develop in hypoproteinaceous states, 
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and. the physiologic abnormalities that occur in 
cirrhosis of the liver, for example, are very similar 
to the physiologic abnormalities that occur in 
patients who suffer from trauma. 

But these are all mechanistic etiologies. What 
would be the basic etiology? It seems to me that 
this is the important thing that we should, as 
scientists, address ourselves to. 

I would ask Dr. Zuidema, would you care to 
comment or speculate on what is the primary eti- 
ology of the respiratory failure that occurs in this 
state and in, perhaps, other states? 


Dr. Watts R. Wess (Syracuse): Discussing 
Paver No. 6: Dr. Zuidema and his group have 
presented a very interesting and a very difficult 
problem, as we all recognize more and more often 
the acute adult respiratory distress syndrome at so 
many of our institutions. 

Certainly after acute pancreatitis and any other 
inflammatory process in the abdomen this is very 
common. It is obviously multifactorial, and I can 
only emphasize a few of the things that Dr. 
Zuidema has mentioned: The increased abdominal 
distention with elevation of the diaphragm, the de- 
creased calcium which may or may not produce 
cardiac involvement, the gastric aspiration which is 
often silent but which, if studied carefully, has 
been demonstrated to be very common in every 
series of any patients with abdominal distention. 

The very marked loss of serum protein, with a 
drop in serum osmotic pressure, has been a very 
important factor, as is the administration of fluids, 
which has been alluded to by everyone studying 
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this problem. Remember that the central venous 
pressure which has been monitored—and certainly 
should be—-is of very limited value whenever we 
are supplying noncolloid fluids, since some 2$ to % 
of these leave the vascular bed immediately to 
produce interstitial or cellular edema without rais- 
ing the central venous pressure. It is most im- 
portant that we administer a tremendous amount 
of protein, because of the large amount lost into 
the abdominal cavity in pancreatitis. 

Also, the early utilization in large dosages of the 
loop diuretics, such as furosemide and ethacrynic 
acid, are most important and monitoring of the 
daily weight is perhaps of much greater value than 
the utilization of the central venous pressure. 

There is one other important facet of the eti- 
ology of this that has been described, primarily by 
Dr. Jerry Moss of Albany: hypoxemia of the cen- 


tral nervous system gives rise to spasm of the 


small pulmonary venous system-—the post-capillary 
bed—which, of course, gives back pressure—in the 
capillaries, with increasing congestion, and inter- 
stitial pulmonary edema. 

Thus, it is most important that we correct any 
hypoxemia very early with whatever measures are 
required—such as controlled ventilation and posi- 
tive and expiratory pressure. 


Dn. Joann Ranson (New York City): Discussing 
Paper No. 6: I greatly enjoyed Dr. Zuidema's 
presentation, which focuses attention on an often 
neglected aspect of acute pancreatitis, and de- 
scribes methods for more effective management. 

Our own experience, perhaps, indicates the fre- 
quency of this problem. Over the past year at 
New York University and Bellevue Hospitals we 
have had the opportunity to study some 36 pa- 
tients with acute pancreatitis. It has been our 
practice, during this period, to monitor the arterial 
blood gases for the first 48 hours, and we have 
found that the arterial Pos fell below 75 mm. Hg 
in two-thirds of these patients, and below 70 mm. 
in one-third. Many of these patients had clinically 
mild pancreatitis, with no respiratory distress, and 
usually recovered rapidly with conventional 
therapy. 

Six patients required prolonged respiratory sup- 
port for 12 days to 5 weeks, and three of these 
patients died. All of these patients had undergone 
laparotomy. Respiratory failure was directly re- 
sponsible for death in one case, and undoubtedly 
contributed to the other two deaths. All three 
patients, however, had pancreatic necrosis and 
intra-abdominal infection. 

Since continuing intra-abdominal sepsis con- 
tributed to the respiratory failure, I would like 
to ask the authors how pancreatic necrosis and its 
consequences can best be prevented, and managed 
when they do occur. Biliary decompression has 
been mentioned. How valuable an adjunct is 
this in a patient who is found at operation to 
have acute pancreatitis? 


Ann. SWE 73 ND. e 

Dr. James E. Proocen (San Antonio): Dis- 
cussing Peper No. 7: Several years ago we re- 
viewec 775 operative cases of penetrating wounds 
of the abdomen, emong which there were about 
35 pancreatic injuries. We had no mortality among 
that group of cases that was specifically related to 
pancreatic injury. We had a representative num- 
ber of patients who had distal pancreatectomy and 
pancreztojejunostomy, which brings us to our first 
point, on the timing of the operation. 

We agre» with Dr. Warren that the best time 
for this type of procedure is at the first operation. 
In other words, if we delay operation of the 
magnitrde of a pancreatoduodenostomy or pancre- 
atoduodenectomy for 2 weeks or 4 weeks, valuable 
time is lost which may actually lose the opportu- 
nity of doing an operation that would require 
anastomosis of the pancreas. This decision takes 
for grarted the relatively good condition of the 
patient, the operating team, the blood bank and 
the surgeon. 

At th» other end of the spectrum is the very 
critically ill patient. Many cases of pancreatic 
trauma are accompanied by multiple injury, par- 
ticularly vascular injury; and after the vascular 
injury is repaired, along with other organ injury, 
the patient may not be able to withstand a 
definitive operation on the pancreas. In this 
event, we have found the use of multiple soft sump 
drains to be of considerable value. We have used 
a large Foley catheter with the end of the bulb 
cut off of one end, the adapter cut off of the 
other end, so that a drainage tube as well as an 
airway is established. This is at least one way 
out of a very critical situation, and frequently will 
be a lifesaving measure. 


Dr. Francis Nance {New Orleans): Discussing 
Paper No 7: About a year ago, Dr. Don de Loache 
and I reviewed the cases of five pancreatoduode- 
nectomies done for trauma at Charity Hospital, on 
both the Tulane and LSU services. We are con- 
vinced from our experience that pancreatoduode- 
nectomy kas & role in the treatment of some of the 
pancreatic injuries that are encountered. 

We also reviewed the 25 cases in the litera. 
ture that had been reported [slide] and it is 
evident that the early complications in pancreato- 
duodenectomy are astronomical Only three of 
the reported 25 patients emerged from the post- 


-operative period without serious complications. 


As Dr. Warren has pointed out, [slide] the long- 
term resul:s in these patients have been satisfac- 
tory. The :teatorrhea, dumping, and diabetes were 
all present in the one patient who had a total 
pancreateccomv for trauma; so that we would 
agree with. Dr. Warren that total pancreatectomy 
is probably not warranted. 

None of the patients in the literature have been 
studied as thoroughly as Dr. Warren’s patients, 
and I believe this really represents a very im- 
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portant contribution in verifying that this opera- 
tion provides good long-term results. 

I would like to ask some questions of Dr. 
Warren. (1) Bleeding was a very important 
complication of Whipple’s procedure when I was 
at the University of Pennsylvania and I wonder 
if you have any problem with bleeding in the 
postoperative period. Do you include a vagotomy 
as part of the procedure? Some people have 
recommended this to avoid ulceration of the 
anastomoses. 

. Also, do you have any specific recommendations 
concerning the handling of the pancreatic duct? 
This is of normal size in the injured patient, and 
it is difficult to make a mucosal-to-mucosal anasto- 
mosis. Do you just leave it alone? 

I would also like to know what the gastric 
secretory studies were that you had listed on 
your first slide, but which you did not mention 
at the end of the paper. 

I believe this was a very important paper, be- 
cause it shows that this procedure can be done 
with a minimum of long-term morbidity. 


Dr. KenNETH W. WannEN (Boston): Discussing 
Paper No. 6: We, for many years, have recog- 
nized pulmonary insufficiency in patients with 
severe, acute pancreatitis, We have not studied 
them in the detail he has reported. We have 
emphasized methods of minimizing complications. 
We insist that the patient with acute pancreatic 
necrosis, who will invariably have marked ab- 
dominal distention, will have not only a Levin 
tube but also a Cantor tube because the quicker 
the small intestine is decompressed the less 
trouble one will have with pulmonary insufficiency. 

He has described a group of patients with severe 
pancreatitis, as reflected by the hypocalcemia 
levels. I believe the hypocalcemia can be improved. 
We gave large doses of calcium gluconate every 
6 hours, and we have seen some improvement in 
this respect. E 

The other point Dr. Zuidema made is that the 
mortality was much higher in the patients who 
were operated upon, which brings us back to the 
age-old problem: we should make every effort to 
make a correct diagnosis and to avoid operation 
whenever possible. When early operation is per- 
formed, the least amount of surgical treatment 
is the best operation. 

We have performed tracheostomies on many of 
these patients for assisted ventilation, and the 
tragedy has usually been that we have not seen 
the patient early enough to avoid the need for 
tracheostomy or the tracheostomy was inordinately 
delayed by circumstances beyond our control until 
its maximal benefit was not obtained. 

These patients need early, repeated, and ade- 
quate volumes of albumin. They need it early, and 
they need it continuously until they are over the 
acute phase. Large amounts of crystalloid fluid 
are probably detrimental. 


"With respect to Dr. Warren's paper, I would 
just like to emphasize some of the problems 
that he mentioned. First, I think it is never justi- 
fiable to ligate the pancreatic duct. It is always 
present and it is always large enough to anasto- 
mose. It was only when we started doing a precise 
anastomosis of the pancreatic duct to the jejunum 
in pancreatic resection that we reduced the mor- 
tality and morbidity remarkably. 

I agree with him completely about the total 
pencreatectomy. It is a dangerous procedure. We 
like to avoid it. On the other hand, there are some 
patients who require total pancreatectomy in the 
management of benign or malignant disease. Some 
patients tolerate total pancreatectomy well without 
any apparent explanation. We have had some 
patients who have had total pancreatectomies and 
who have required no Viokase or other exocrine 
pancreatic enzymes, On the other hand, most total 
pancreatized patients need large doses of Viokase, 
aad they need it every time they eat, 


Dr. GEoncE D. Zumema (Closing discussion of 
Paper No. 6): In answer to Dr. McLaughlin’s 
question about the frequency, I believe probably 
one of the best answers was given by Dr. Ranson, 
who noted that this occurred in approximately 
one-third of his group of patients. I cannot give 
you a figure of the incidence in the patients com- 
iag to the Johns Hopkins Hospital with acute 
pancreatitis, but in Gliedman’s review I would 
point out that in 66 per cent of the fatal cases, 
pulmonary insufficiency played a role, and it was 
thought to be the primary role in 20 per cent of 
the fatal cases. 

In terms of etiology, I believe that multiple 
factors are involved. First of all, the pulmonary 
interstitial tissue is particularly vulnerable, be- 
cause it resides in an area of negative pressure, 
and because the entire cardiac output goes through 
the lungs. 

Secondly, I feel certain that the concept of 
nigh output respiratory failure, which Drs. Burke, 
Welch and Pontopidan emphasized, with an in- 
creased metabolic demand secondary to the inflam- 
mation and a decreased ventilatory deficiency 
because of the subdiaphragmatic pathology, plays 
a role. 

I believe also that in the case of acute pancreati- 
tis it is likely that the pancreatic enzymes may 
play an important role through their action in 
the destruction of surfactant, and I would agree 
with Dr. Webb in his comments on the loss of 
serum proteins and the problem with central 
nervous system hypoxemia producing pulmonary 
vascular spasm. 

In terms of the serum protein levels, our patients 
were maintained with normal serum albumin, but 
this was largely by virtue of very vigorous appli- 
cation of intravenous salt-poor albumin. 

In response to Dr. Webb's remarks, I would add 
that our management with intravenous albumin 
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and intravenous furosemide paralleled their ex- 
perience in every way. 

I am not able to give a specific answer to 
Dr. Hanson as to how we can prevent pancreatic 
necrosis. Certainly we have tried the standard 
approaches. We have found that Trasylol, for 
instance, is not particularly effective. We do agree 
with biliary decompression, and I believe that 
Dr. Warren made a particularly important point 
in emphasizing the problems involved in delay 
in recognition of this syndrome. I believe that 
probably much of the morbidity can be prevented 
by early detection with the prompt determination 
of blood gases, and the tendency to step in very 
early with albumin and diuretic therapy. 

I also believe he made a worthy point in 
emphasizing the importance of intestinal intuba- 
tion to lessen the subdiphragmatie distention, and 
thereby to improve ventilatory deficiency. 


Dr. A. A. SALAM (Closing discussion of Paper 
No. 7): In answer to Dr. Nance’s questions, we 
have seen postoperative bleeding on two occa- 
sions following pancreatoduodenal resection for 
cancer, yet we have not encountered this com- 
plication among the patients who had the same 
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operation for the treatment of their injuries. This 
may be due to the small number of cases in our 
series, and as Dr. Nance has shown in his ex- 
cellent review of this subject last year, delayed 
bleeding after pancreatoduodenectomy for pan- 
creatic injuries has been stressed in many previous 
reports. As far as vagotomy is concerned, we 
think it is a worthwhile precaution and there is 
evidence in the literature that it reduces the in- 
cidence of anastomotic ulcers following pancreato- 
duodenectomy: The technic we have used for 
reconstruction consisted of anastomosing the pan- 
creatic stump to the end of the jejunal loop 
and in one patient we have inserted a polyethylene 
catheter in the pancreatic duct as an internal 
stent. In contrast to cancer patients, the pancreatic 
duct is not usually dilated in patients presenting 
with pancreatic injuries and technically it is not 
easy to use the duct itself for the pancreatojejunal 
anastomosis. 
I agree with Dr. Pridgen that this operation 


. should be reserved for the management of injuries 


which cannot be managed by less extensive pro- 
cedures. In carefully selected cases pancreatoduo- 
denectomy may reduce the mortality and morbidity 
of these highly lethal injuries. 
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Tue increasing complexity of modern sur- 
gery is at no point made more vivid than 
in the instance of the apparently successful 
surgical procedure which is followed either 
immediately or after a brief lapse of time 
by a catastrophic illness. This illness does 
not result from the skill or the lack thereof 
which the surgeon demonstrated during the 
procedure. It is instead a consequence of 
the anesthetic employed during the surgical 
effort with no regard to the technical com- 
petence of the individual who administered 
the anesthetic. Such catastrophic illness may 
occur after use of halothane or may follow 
the occurrence of hyperthermia during the 
post-anesthesia period. The purpose of this 
report is to prepare the surgeon to recognize 
and to deal, as well as possible, with these 
serious sequelae when they follow his 
efforts. 

Halothane gained sudden popularity after 
its first introduction in clinical anesthesia in 
1956 by Raventos and Johnstone ** of Eng- 
land. It was described as non-explosive and 
a safe pharmacologic agent. However, hep- 
atitic injury following halothane anesthesia 
was described in 1958. Such postoperative 
hepatitis was thought to be due to inter- 
current viral hepatitis or io activation of 
latent viral hepatitis. However, over 500 
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cases of post-halothane hepatitis reported in 
the recent literature from different centers 
throughout the world give substance to the 
claim that halothane is responsible in some 
instances for hepatitis in the postoperative 
period.?* 

The incidence of unexplained hepatic 
failure following halothane induced anes- 
thesia as published by the National Halo- 
thane Study ** in 1966 was 1:10,000 admin- 
istrations with one death in 30,000 cases. In 
Baylor University between 1966 to 1969, 14 
ceses of post-halothane hepatitis were re- 
ported by Mendell and Boyett?' among 
60,000 administrations, the incidence there 
being 1:4,300 cases. The increasing inci- 
dence currently may be due to awareness . 
of this condition by the physicians, the 
rapid increase in the number of operations 
performed, the liberal use of halothane by 
anesthiologists, the routine pre- and post- 
operative checkups of hepatic functions and 
prompt and conscientious reporting of the 
cases, | 

The mechanism of hepatitis is thought to 
be due to acquired hypersensitivity rather 
than direct toxic action on the liver.*? From 
circumstantial evidence it seems almost all 
individuals exposed to hepatotoxins ** de- 
velop hepatitis and the severity of hepatitis 
is directly related to the dose, whereas in 
cnly a few instances among the many pa- 
tients exposed to halothane, does hepatitis 
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TABLE 1. Age Distribution 





Age 





30-39 F 
40-49 p.d 
50-59 F. 
60-69 F 
Above 70 M 


Males 1; Females 7. 
*Pts. expired. 


occur and the severity of the disease is not 
directly related to the dose or the length of 
operation. The latent period is 1-2 days 
after exposure to hepatotoxins whereas it 
varies from 4 to 14 days after exposure to 
halothane. There seems to be a high inci- 
dence and/or an accelerated response after 
multiple exposures. The presence of fever, 
joint pain, urticarial rash and blood eosino- 
philial favors the possibility that it is a 
hypersensitive reaction. The histological ap- 
pearance of eosinophilic bodies and granu- 
lomatous reactions also favor hypersensi- 
tivity. 

Clinical data axe essential in arriving at 
a diagnosis. This form of hepatitis is more 
common in women and in patients with 
known allergies to other drugs. It is rare in 
children. Two thirds of the patients have 
past histories of exposure to halothane anes- 
thesia and the greater the number of ex- 
posures, the more severe is the disease. 
Typically unexplained fever starts on the 
4th to 14th postoperative day and may dis- 
appear to return after an afebrile period. 


TABLE 2. Clinical Findings 


No. Patients 
Fever, first symptom 8 
Nausea 8 
Epigastric pain, mild 8 
Joint pains 4 
Chills and skin rash 1 
Palpable liver 2 
Splenomegaly None 
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The liver is only slightly enlarged. and 
splenomegaly is rare. The WBC count is 
elevated in over 5096 of the cases, with an 
absolute ecsinophilia in 40%. Over half the 
patients have transaminase activities greater 
than 500 units, but the determination has 
limited value in estimating the severity of 
hepatitis. Total bilirubin levels may vary 
from 2 mg. to 30 mg. The one-stage pro- 
thrombin time is the most useful test in pre- 
dicting a fatal outcome. Survival is rare 
when the prothrombin time exceeds 20 
seconds by the method of Quick. 

The histological picture closely resembles 
that seen in severe viral hepatitis or in the 
hepatocellular type of hepatitis produced 
by certain drugs. At low magnification, 
the diffuse nonzonal character of the hepato- 
cellular necrosis and inflammation are 
clearly evident. On closer inspection it can 
be seen that the zones of necrosis bridge 
adjacent central veins and portal triads. The 
zones of necrosis are characterized by loss 
of parenchyma, marked proliferation of the 
reticulo-endothelium, an intense mononu- 
clear inflammatory reaction and the pres- 
ence of acidophilic bodies. 

Corssen ?* has demonstrated in vitro that 
halogenated anesthetic agents produce in- 
tracytoplasmic vacuolization resembling hy- 
dropic degeneration. Electron microscopic 
studies have suggested that in halothane 
hepatitis, the mitochondria show segmented 
loss of outer membrane and enfolding of 
inner membrane. 

The most perplexing question which faces 
us today is the differential diagnosis of 
halothane hepatitis ?*?*5 from viral and se- 
rum hepatitis. The existence of halothane 
hepatitis has been harshly questioned. It 
has been suggested that post-halothane he- 
patic dysfunction may actually be a man- 
ifestation of viral hepatitis. Viral hepatitis 
is a common disease, anywhere from 25,000 
to 100,000 cases are reported annually in 
the U. S. A. It has been hypothesized ** that 
this halothane exposure allows the break- 
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down of the body’s immunological control 
mechanisms against viral hepatitis, and the 
virus is freed to invade the liver cells. 

Though at present no laboratory investi- 
gation can definitely distinguish between 
viral and halothane hepatitis, the following 
points are helpful. Viral hepatitis can occur 
in children, but halothane hepatitis is rare 
in children. The latent period is 15-50 days 
in viral hepatitis and 4-14 days in halothane 
hepatitis. Although the prodromal symp- 
toms are the same in both these conditions, 
the pattern of fever and jaundice differs. 
Halothane hepatitis is a hypersensitive re- 
action as evidenced by the fact that after 
a single exposure to halothane, jaundice is 
uncommon within the first week, but on re- 
exposure there is a shortened period before 
recrudescence of symptoms, 

Two thirds of the patients had previous 
exposures to halothane and furthermore, 
most of them had unexplained jaundice, 
fever, or both during previous exposures. In 
support of this view are two case reports 
in which repeated episodes of hepatitis on 
deliberate challenge of brief exposure to 
halothane were reported in both instances. 
The failure to demonstrate Australian anti- 
gen ?' in serums of the post-halothane hep- 
atitis patients militates against the hy- 
pothesis that the abnormality in these pa- 
tients is viral hepatitis. 

Recently newer tests have been introduced 
to prove that halothane hepatitis is a hyper- 
sensitive reaction but there are no specific 
diagnostic tests for halothane hepatitis. Se- 
rum mitochondrial antibodies similar to 
those found in primary biliary cirrhosis and 
lupoid hepatitis were demonstrated by 
Doniach !5 using fluorescence antibody tech- 
nic. The lymphocytic stimulation 27 test has 
not proved to be a reproducible phenom- 
enon and does not serve as a diagnostic tool 
at present. 

During the past 2 years, we have had 
occasion to see and to review 8 cases of 


dl hepatitis following halothane anesthesia. 


TABLE 3. Previous Exposures 
Onset of Hepatitis Symptoms (Days) 


No. No. of Previous Day of Onset of 
Patients Exposures Symptoms 
3 No previous exposures 4th Sth 10th 


4 . Oneprevious exposure 2nd 2nd 3rd 4th 


1 More than one pre- 
vious exposure 2nd 


These cases have been thoroughly evalu- 
ated by clinical and laboratory investiga- 
ticns. Despite detailed investigations no 
other cause could be detected to account 
fo: the hepatitis. The patients reviewed 
ranged in age from 36 to 72 years. Seven 
were females. One was male. In three in- 
stances hepatitis developed after the first 
exposure to halothane, in four it developed 
after the second exposure and one patient 
developed hepatitis after three exposures. 
The charts of the previous admissions 
show two of the patients had unexplained 
jaundice following the previous exposure. 
The significance of this history was not con- 
sidered during the later admissions. Hepa- 
titis became manifest earlier (2nd to 4th 
day) after multiple exposure in comparison 
tc that developing (4th to 10th day) after 
initial exposure. One patient who under- 
went a three-stage procedure for perforated 
diverticulitis, developed jaundice after the 
second stage. For the third stage the anes- 
thetic agent used was cyclopropane and the 
postoperative course was smooth with no 
flare-up of hepatitis. Certain prodromal 
symptoms (nausea, anorexia, vague epigas- 


TABLE 4. Range of Essential Laboratory Data 


Normal . Series Variation 


S.G.O.T. 10-50 118-1,550 
S.G.P.T. 5-30 75-1,600 
Alkal. phosphatase 30-85 90-656 
Total bilirubin 0.1--1.0 2.4-30 
Prothrombin time 13 sec. 14-29 sec. 
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TABLE 5. Steroid Dosage 





Corticosteroids: 





Initiate as soon as diagnosis is suspected. 
Dosage of 10-20 mg. Prednisone every 6 hours. 
Change after 7-10 days to once daily dose.. 
Reduce after 14~21 days and off by 6 weeks. 


tric or right upper quadrant discomfort) 
were noted in most of the patients. Fever 
occurred as the predominant and present- 
ing symptom. It was remittent, ranging 
from 100° F. to 105° F. and was often asso- 
ciated with a shaking chill. Fever was 
closely followed by jaundice which was de- 
tected clinically in all our cases. 
Laboratory investigations revealed leuco- 
cytosis in only two cases and eosinophilia 
in two cases. Cultures of blood, urine and 
throat were negative in all cases. Only one 
patient had minimal infection with positive 
culture earlier in the postoperative course 
but this infection cleared up promptly 
within 34 days. In each case there has 
been marked elevation of the transaminase 
values. SGOT levels ranged from 118 to 
1,550 (normal 10-50), SGPT from 75 to 
1,600 (normal 5-30), and total bilirubin 
from 2-4 mg. to 30 mg. Alkaline phosphatase 
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showed only slight to moderate elevation. 
Prothrombin time was elevated to a vary- 
ing extent, ranging from 14 sec. to 29 sec. 
Australien antigen test was done in two 
cases and was negative. In those patients 
who had blood transfusions, the usual tests 
for trans-usion reactions were negative. 

Two patients died, one man and one 
woman; both had one previous exposure. 
Their biiru»in levels were above 15 mg., 
prothrombin time was 19 sec. in one and 
29 sec. in tke other. Autopsy in both cases 
revealed massive hepatic necrosis. These 
two patients were not treated with cortico- 
steroids. 

Generz] supportive treatment was carried 
out in all cases. Corticosteroids were used in 
four patients, none of whom succumbed to 
the destrictive process. Three of these pa- 
tients had bilirubin levels above 10 mg. and 
in fact one survivor had the highest bili- 
rubin lev2l in the series—30 mg. We have 
used Prednisone, from 10-20 mg., every 6 
hours, ckanging after 7-10 days to once 
daily and off by 6 weeks. 

In all patients who survived, there have 
been serial follow-up observations of blood 
chemistries. After 6 months all measurable 
parameters of hepatic function have re- 
turned to nozmal. 


TABLE 6. Malignant Hyperthermia—Nashville 


Date, 

CaseNo. Age Sex Race Operation 
1 60 M. W. 7-16-69, 

pulmonary 

lobectomy 


12-5-69, 
wedge 
resection lung 


1-19-69, 


tonsillectomy 
& circumcision 


9-11-70, 
gastric 
resection 


Time Cardiac 
Induction — Peak Temp. Arrest Death 
7:45 a.m. 111? F. 9:50 a.m. 11:40 a.m. 
10:00 a.m. (4 hours) 
11:00 a.m. 108? F. 11:30 p.m. 11:30 p.m. 
10:3C p.m. (123 hrs) 
7:45 a.m. 112? F. 9:45 a.m. 10:20 a.m. 
D:45 a.m. (2% hrs) 
8:00 a.m. 112° F. 11:20 a.m. 11:00 a.m. 
11:2€ a.m. 9-12—70 


(27 hours) 
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TABLE 7. Drugs and Anesthetic A gents Administered 


Case No. Pre-anesthesia 
1. W. M., 60 Nembutal 75 mg. 
Vistaril 50 mg. 
Atropine 0.4 mg. 
2. W. M., 70 Nembutal 100 mg. 
Demerol 100 mg. 
Atropine 0.6 mg. 
3. W. M., 23 Nembutal 100 mg. 
Demerol 100 mg. 
Atropine 0.6 mg. 
4, W. M., 43 Valium 10 mg. 


Dilaudid 0.1 mg. 
Scopolamine 0.4 mg. 


A complication associated with general 
anesthesia, the cause of which is unknown 
but which has been reported with increas- 
ing frequency is characterized by extreme 
and rapid rise in the affected patient's body 
temperature. The phenomenon was de- 
scribed by Guedel'* in 1952. Not until 10 
years ago ?? did a few reports of similar oc- 
currences of the syndrome known as malig- 
nant hyperthermia begin to appear chiefly 
in the Canadian and British anesthesiology 
journals and during the last 6 years many 
additional related articles have been pub- 
lished in Canada, Europe, Australia and the 
United States. Nearly 200 case reports have 
now appeared in the English literature.' > 3 
4, 8,18, 14, 28,80 The incidence appears to be 
about one per 15,000 general anesthesias. 

The phenomenon of hyperpyrexia asso- 
ciated with anesthesia has interested sur- 
geons for many decades. The terms heat 
stroke and ether hyperpyrexia have been 
used in the past. Muschowitz ?* for example 
in 1916 reported the cases of 12 patients 
who had heat stroke after general anesthesia 
(open drop ether in most cases), six of 
whom died after developing temperatures 
ranging from 106.8° to 109°. All but two 
of these developed serious infections such 
as peritonitis and appendiceal abscess, how- 


4 ever, and all were treated during hot 


Induction 


Na >entothal 100 mg. 
Succinycholine 40 mg. 


Na pentothal 100 mg. 


Succinylcholine 50 mg. 


Na pentothal 200 mg. 


Succinylcholine 40 mg. 


Suretal 300 mg. 


Succinylcholine 40 mg. 
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Anesthesia 


Nitrous oxide, oxygen, 
Halothane 


Nitrous oxide, oxygen, 
Halothane 


Oxygen, Halothane 


Nitrous oxide, oxygen, 
Halothane 


summer months. Buford,?® in 1940 re- 
ported a chain of events which is remark- 
ably similar to that which characterizes the 
syndrome of malignant hyperthermia being 
reported today. A 22-month-old poorly de- 
veloped girl underwent operation for a 
naevus of the face. Two hours after induc- 
tion of open-mask ether anesthesia, her 
pulse rate rose to 200 per minute, she be- 
came tachypneic, flushed, cyanotic and hot. 
The rectal temperature was found to be 
107°. She died 20 minutes later. These clin- 
ical changes, usually but not always asso- 
ciated with skeletal muscle rigidity, are 
seen in the currently reported cases of hy- 
perthermia after induction of general in- - 
halation anesthesia. 

Four such patients have died in Nashville 
hospitals since July 1969. 


Case Reports 


Case 1. W. M., a 60-year-old man was ad- 
mitted to Vanderbilt University Hospital, July 12, 
1969 because of cough, recent hemoptysis and the 
roentgenographic finding of a mass in the upper 
lobe of his right lung. He had always enjoyed good 
health and physical examination revealed no other 
abnormalities. All laboratory data were normal ex- 
cept for questionable malignant epithelial cells in 
the sputum. Electrocardiogram was interpreted as 
normal and blood pressure was 110/70 mm. Hg. 

On July 16, right thoracotomy was performed. 
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TABLE 8. Therapy 


Case 1 

Cooling 

Thermal blanket Yes 

Ice (external) Yes 

Ice (internal) Yes 
Hyperventilation Yes 
Sodium bicarbonate Yes 
Furosemide No 
Calcium IV Yes 
Hydrocortisone sodium Yes 
Blood transfusion Yes 


Preoperative medication, administered at 6:35 a.m. 
consisted of sodium pentobarbital 75 mg. hy- 
droxyzine hydrochloride (Vistaril) 50 mg. and 
atropine 0.4 mg. Sodium thiopental 150 mg. and 
succinylcholine 40 mg. (0.2% drip) were given 
intravenously and after endotracheal intubation 
anesthesia was maintained with halothane and 
oxygen inhalation. The patient was placed in the 
left lateral decubitus position and no muscle rigid- 
ity, or other unusual changes were noted. At 9:45 
a.m., 2 hours after induction of anesthesia during 
dissection for upper lobectomy, the patient was 
noted to be hot and blood pressure fell from 110/80 
to 80/50 mm. Hg. The esophageal temperature was 
found to be 108? F. Within a few minutes cardiac 
irregularities and then cardiac standstill occurred. 
The pericardium was opened and cardiac massage 
begun with consequent ventricular fibrillation. A 
slow normal rhythm followed electrical defibrilla- 
tion. He was hyperventilated with 100% oxygen 
and given rapid intravenous infusion of a 5% solu- 
tion of sodium bicarbonate plus calcium gluconate. 
Two hundred mg. of hydrocortisone sodium was 
also given. Body cooling was attempted with ice 
in the thoracic cavity and ice bags and cooling 
blankets externally. At 10.00 a.m. arterial blood 
gases were pH 6.90, Pos 90, Pcos 90 and the tem- 
perature was 111°. At 10:45 a.m. blood gases 
were: pH 7.24, Po: 89, Pcos 90 and the tempera- 
ture was 105?. Cardiac arrest occurred twice again 
during this time and though resuscitative measures 
were continued, the patient was pronounced dead 
at 11:40 a.m. 

Complete autopsy was performed and failed to 
reveal the cause of the hyperpyrexia and death. 

Case 2. M. A, a 70-year-old man, was ad- 
mitted to the Miller Hospital on December 3, 1970 
because of an asymptomatic, circumscribed lesion 
9 cm. in diameter in the periphery of the upper 
lobe of the left lung. He appeared to be well 


Case 2 Case 3 Case 4 
No Yes Yes 
No Yes Yes 
No No No 
Yes Yes Yes 
No Yes Yes 
No No Yes 
Yes No No 
Yes Yes No 
No No Yes 


preserved and physical examination, electrocardio- 
gram and labcratory findings were normal. Blood 
pressure was 130/110 mm. Hg. Operation was per- 
formed on December 5, at 11:00 a.m. He received, 
intramuscularly, meperidine hydrochloride 100 mg., 
hydroxazine hydrochloride 75 mg. and atropine 0.6 
mg. preoperatively. Sodium thiopental 200 mg. and 
succinylchcline 50 mg. were given intravenously 
before tracheal intubation and anesthesia was main- 
tained with nitrous oxide, oxygen and halothane. ` 
During operation (local excision of the peripheral 
nodule) there was noted “wavering” of the blood 
pressure, but the procedure was described as other- 
wise uneventful Soon after operation, in the re- 
covery room, an additional upper chest tube was 
inserted because of increasing subcutaneous em- 
physema. The first indication of temperature rise 
was noted at 8:00 p.m., 9 hours after induction of 
anesthesia. This was found to be 104.6? by rectum 
and it rose to 107° by 10:00 p.m. and 108° at 
10:30 p.m. He was given alcohol sponges. Brain 
stem damage was suspected. At 11:30 p.m., 1216 
hours after induction of anesthesia, cardiac arrest 
occurred and efforts to resuscitate the patient were 
unsuccessful. 

Complete autopsy failed to reveal the cause of ° 
death. 

Case 3. J. Z., a 23-year-old man, was admitted 
to Parkview Hospital on January 18, 1970 for ton- 
sillectomy and circumcision. Except for bouts of 
sore throat, he had always been healthy. Physical 
examination ard routine admission laboratory pro- 
cedures revealed no remarkable abnormalities. 
Blood pressure was 110/70 mm. Hg. At 6:30 a.m. 
on January 19, he was given sodium pentobarbital 
100 mg. and meperidine hydrochloride 100 mg. 
and atropine 0.6 mg. intramuscularly. He received 
sodium thiopental 300 mg. and succinylcholine 40 
mg. intravenously and after tracheal intubation was 
given halothane and oxygen inhalation anesthesia. 
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Tonsillectomy and circumcision were performed and 
the patient reached the recovery room at 8:50 a.m. 
Soon thereafter he was noted to be cyanotic and 
the skin was moist and hot. Respiration was 60/ 
min, pulse rate 190, BP 90/60 mm. Hg and rectal 
temperature 103.6° and at 9:20 108°. Between 
9:20 and 9:40 a.m. he was intubated, hyperven- 
tilated with 100% oxygen and given 250 mEq. of 
sodium bicarbonate solution intravenously and 
placed on a respirator. Cardiac arrest with ven- 
tricular fibrillation occurred at 9:45 a.m. Cardiac 
massage, defibrillation and final arrest followed in 
quick succession. The rectal temperature, when 
resuscitative measures were abandoned at 10:20 
a.m., was 112°. Autopsy was not performed. 

Case 4. E. P., a 43-year-old man, was ad- 
mitted to Donelson Hospital, September 9, 1970 
because of a duodenal ulcer, demonstrable radio- 
graphically, which had been symptomatic for 8 
years and with intractable pain for 9 months. 
Physical examination, admission laboratory find- 
ings, EKG and chest roentgenogram revealed no 
abnormalities. Blood pressure was 120/80 mm. Hg. 

On September ll, at 6:45 a.m., he received 
diazepam (Valium) 10 mg., hydromorphine (Di- 
laudid) 1.0 mg. and scopolamine hydrobromide 
0.4 mg., intramuscularly. At 8:00 a.m., before 
tracheal intubation, he was given sodium thio- 
mylal (Suretal) 300 mg. and succinylcholine 40 
mg. (0.296 drip) intravenously. He was maintained 
on nitrous oxide, oxygen and halothane anesthesia. 
Operation was started at 8:20 a.m. Two hours 
later, at 10:15 a.m. as a gastric resection and Bill- 
roth II anastomosis was being completed, cardiac 
arrhythmias occurred and the patient was observed, 
by the anesthesiologist, to develop a temperature 
rise. Axillary temperature was 106°. Ice bags and 
a cooling blanket were applied to the patient and 
he was hyperventilated with 10096 oxygen. Intra- 
venous sodium bicarbonate solution was given 
rapidly, the patient received 1,000 mEq. in one 


. hour. In the recovery room, at 11:00 a.m. the 


rectal temperature was 108.5°. Arterial blood pH 
was 7.27 at 11:10 a.m. At 11:20 a.m. cardiac 
arrest occurred and he was reverted to a normal 
sinus rhythm by external massage and defibrilla- 
tion. Rectal temperature was then 112? F. Sub- 
sequently, he developed shock and anuria. The 
temperature began to fall He was given intra- 
venous furosamide with no response. At 3:00 p.m. 
arterial blood gases were pH 7.57, Pos 235, Pcos 
48.5. The blood pressure and urinary output re- 
mained very low. Generalized seizures occurred at 
5:00 p.m. and he then remained in a state of gen- 
eral muscle rigidity and coma with a rectal tem- 
perature of 102° until 11:00 a.m. the following 
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day when he was pronounced dead. Autopsy was 
rot performed. 


The clinical features observed in the four 
patients reported conform for the most part 
to those recorded in other reported cases 
of malignant hyperthermia. The highest in- 
cidence of reported cases have occurred 
during the first three decades of life whereas 
two of our patients were 60 and 70 years 
old. Muscle rigidity has occurred with in- 
duction of anesthesia in about 80% of 
other cases reported; generalized rigidity 
occurred in only one of the Nashville pa- 
tients and this developed after a convulsion 
9 hours after induction of anesthesia. Sev- 
eral families have been found to have mul- 
tiple deaths from the syndrome during or 
following general anesthesia. Britt, et al.® 
have found 60 affected patients in 14 fam- 
ilies. Denborough et al^? reported ten 
deaths in a familiy of 35 members given 
general anesthesia and Barlow and Isaacs ? 
reported a family of 14 given 19 anesthetics 
with three deaths from malignant hyper- 
thermia. The family histories of the four 
patients reported here contained no reports 
of anesthetic deaths but the families of only 
two patients were questioned about this 
after death of the patients. 

Fulminating hyperpyrexia has occurred 
in a number of patients with known pre- 
existing congenital muscle or musculo-skel- 
etal abnormalities. Britt and Kalow, in the 
study of 89 cases of the syndrome found 32 
with such lesions as ptosis, strabismus, 
kyphosis and hernia. The majority of these 
were children or young adults and many 
underwent relatively minor surgical pro- 
cedures. All but three exhibited generalized 
muscle rigidity. In none of the four patients 
reported here was clinical evidence of ab- 
normalities of this kind noted. Studies of 
the several families with multiple deaths 
nave suggested, however, that the malig- 
nant hyperthermia may be associated with 
a myopathy which is not clinically ap- 
parent.? 14, 19 
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The clinical picture in the majority of 
reported cases has been: paradoxical re- 
sponse to the administration of succinly- 
choline; subsequently there occurs diaphore- 
sis, tachypnea, hyperpnea and tachycardia. 
The blood may be noted to be dark and 
the skin and other tissues to be hot. Changes 
in cardiac rhythm and fall in blood pressure 
usually precede cardiac arrest and pupillary 
changes may be noted. All of these may oc- 
cur so rapidly as not to be recognized 
sequentially, or indeed at all, until the tem- 
perature has reached a high level and car- 
diac arrest is imminent and inevitable. 

Temperature elevation has been the most 
dramatic and clinical feature of the syn- 
drome. The rate of rise has varied and the 
presence of fever has been recognized from 
a very few minutes after the induction of 
anesthesia to as long as 9 hours later. The 
rate of rise has varied from about 2? to 8? 
per hour. The maximum body temperature 
seems to be proportional to the mortality 
rate; we have found reports of only two 


patients who survived temperatures of 108? 


or higher. Wilson ** reported a temperature 
of 110? in a patient who survived and more 
recently Beldavs et al.* reported suxvival of 
a 22-year-old woman in whom the tem- 
perature rose to 112°. 

The overall mortality rate of 194 cases 
reported to date appears to be about 68%. 
The death rate actually may be higher since 
all deaths from hyperpyrexia associated with 
anesthesia may not have been reported. 


Etiology 


The cause of this phenomenon is not 
understood. 

No drug or anesthetic agent has been 
used in all patients in whom malignant 
hyperthermia has occurred. Halothane has 
been administered to approximately two 
thirds of the patients and succinylcholine 
was used in about three fourths. We are not 
aware of its occurrence with spinal or local 
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anesthesia. When muscle rigidity has oc- 
curred folowing the administration of de- 
polarizing muscle relaxants, the further use 
of the same drug usually seems to increase 
the rigidizcy with consequent increase in 
muscle damage. The administration of tubo- 
curarine Las not resulted in relaxation in 
the majorty of patients in whom it was 
employed, suggesting that increased muscle 
activity and metabolism is not mediated 
through the neuromuscular junction but 
rather thrcugh the muscle fiber.*: %1% 1° Sat- 
nick ?? reported a patient wtih extreme gen- 
eralized rigidity except for the right fore- 
arm, which remained flaccid distal to a 
tourniquet applied above the elbow after 
succinylcholine was injected in a vein and 
before the administration of halothane. Bar- 
low and Isaacs? observed a patient with 
a tourniquet about the left thigh who de- 
veloped trismus and general rigidity after 
receiving Suxamethonium and the thigh re- 
mained flaccid. Other cases have been re- 
ported in whizh muscle relaxants and halo- 
thane were not employed.* *? 

Wilson et al. have proposed that un- 
coupling oz oxidative phosphorylation cause 
hyperpyrezia while other investigators ® 17 
feel that the extreme and rapid heat pro- 
duction cennot be accounted for entirely 
by this machanism. Many observers have 
emphasized tae marked metabolic abnor- 
malities whica occur very early after the 
onset of the syndrome, especially respira- 
tory and metabolic acidosis, profound base 
deficit, elevated serum potassium and en- 
zymes, lowered serum calcium and myo- 
globinuria. 

Britt has proposed two types of malig- 
nant hyperthermia: hereditary and sporadic. 
Furniss 1? sugzests the classification of pa- 
tients into groups: (1) Those who react 
normally to succinylcholine, who are often 
older than 20 years (sporadic) and (2) 
those whc react to succinylcholine with 
hypertonia, most of whom are less than 20 
years of age (hereditary or familial). 
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Furniss and other investigators suggest 
that the mitochondria are the site of the 
action because they are the main site of 
the heat producing process in the cell. ATP, 
necessary for muscle relaxation, is low or 
absent at least in the “rigidity” type of 
malignant hyperpyrexia. A leakage of po- 
tassium, phosphate, enzymes and myoglobin 
out of the muscle cell and a leakage of cal- 
cium: into the cell takes place. It is postu- 
lated that increased cytoplasmic calcium 
above the level necessary to activate myo- 
cin ATPase will cause actin and myocin to 
be locked together as shortened and rigid 
actomycin, with irreversible muscle rigidity 
as is seen in rigor mortis. 


Treatment 


It appears that there may have been a 
small reduction in the mortality rate since 
Wilson's report of 73% in 1967.59 If so, this 
may be due to an increased awareness of 
the syndrome. 

Treatment should be directed toward 
rapid reduction of the fever and this should 
be begun at once. Cooling may be brought 
about by the external application of cooling 
blankets and ice packs. Internal cooling 
with gastric iced saline lavage is probably 
more effective.? If the thoracic or abdominal 
cavities are open, the rapid introduction of 
ice and cold saline is effective. It at least 
two Nashville hospitals, because it appears 
that rapid cooling before the temperature 
reaches the range of 107?—108? is so im- 
portant, large bathtubs mounted on wheels 
are stored adjacent to the operating suites 
for possible immersion of patients with hy- 
perpyrexia in cold water. 

The blood gases and electrolytes should 
be determined promptly when temperature 
rise is noted and should be repeated at 
times after therapy is instituted. Hyperven- 
tilation with high oxygen concentration and 
prompt and continuous intravenous infusion 
of sodium bicarbonate are important, and 
should be started before laboratory data are 
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known. If hyperkalemia is manifested by 
peaked T-wave on the EKG, intravenous 
calcium should be administered. Hypo- 
volemia will also be present because of 
marked water loss and appropriate replace- 
ment is indicated. 

If the patient survives the initial tempera- 
ture rise, continued treatment will be de- 
termined by continuous thermometry and 
measurement of the blood gases, serum 
electrolytes and enzymes, and urinary out- 
put. Oliguria will occur and furosemide 
should be given. If the temperature returns 
to near normal, shivering should be con- 
trolled by continued anesthesia or by the 
use of chlorpromazine to avoid further in- 
crease in oxygen consumption. Hypothermia 
should be avoided. 

A correlation between the rate of rise of 
body temperature and survival is not as 
marked as the maximum temperature at- 
tained. Other indications of a poor progno- 
sis are general convulsions and ventricular 
fibrillation or arrest. We have not found a 
recorded case of survival following cardiac 
arrest during marked hyperthermia. 


Prevention 


Issacs and Barlow ™ suggest that all pa- 
tients who are to be given general anesthe- 
sia be questioned regarding anesthetic 
deaths among relatives and when the history 
is positive or questionable, depolarizing 
muscle relaxants and halothane should not 
be used, despite the occurrence of malig- 
nant hyperthermia in patients to whom 
neither has been administered. 

As has been noted, routine monitoring 
of the temperature has been advocated and 
is practiced in a number of hospitals. 8 

Denborough et al., Isaacs and Barlow,” 
and Aldret et alt have reported a signifi- 
cant elevation of serum creatine phospho- 
kinase (CPK), in addition to other enzymes, 
in patients with anesthesia associated hy- 
perthermia. 'The elevation of CPK has per- 
sisted for as long as a year in patients who 
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survived malignant hyperthermia.? These 
investigators have also found a fairly high 
incidence of elevated serum CPK in mem- 
bers of the families of several patients who 
succumbed or survived malignant hyper- 
thermia and they suggest that this may be 
indicative of a sub-clinical myopathy or 
other abnormality inherited as a dominant 
Mendelian trait. These findings suggest that 
the preoperative determination of serum 
CPK may have predictive value in identify- 
ing susceptible patients, especially if there 
is a family history of previous anesthetic 
deaths. 


Summary 


l. The cases of eight patients who ex- 
perienced postoperative hepatitis apparently 
resulting from halothane have been re- 
ported. 

2. The occurrence of unexplained high 
fever after halothane exposure should 
quickly bring to mind the possibility that 
this represents sensitivity reaction. Appro- 
priate therapy should be initiated as soon 
as possible alternative causes have been 
ruled out. 

3. Four patients who died with hyper- 
thermia associated with general inhalation 
anesthesia are reported. The cause of this 
condition is unknown. A brief discussion of 
the detection of temperature rise, the treat- 
ment of the condition and suggested meth- 
ods of its prevention in susceptible persons 
is reported. 
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Discussion 


Dr. James G. DoNarp (Mobile): I do not 
have anything to add to the two serious anesthetic 
complications which Dr. Daniel discussed, but I 
would like to mention one other extremely serious 
hazard. I refer to succinylcholine-induced hyper- 
kalemia, which leads to almost immediate cardiac 
arrest in certain types of patients. This came 
forcibly to our attention in August of this year, 
in a patient who had been rendered paraplegic by 
traumatic fracture-dislocation of his lumbar spine 
4 weeks previously. An acute abdomen developed, 
and we thought it necessitated laparotomy. Im- 
mediately after the induction of anesthesia, in 
which succinylcholine was administered, the pa- 
tient, a 26-year-old man, had a sudden cardiac 
arrest. 

Fortunately, he was resuscitated; but, as ís our 
custom, we looked very critically for causes of the 
cardiac arrest. He had no anoxia, or other un- 
usual difficulties. We found a few articles in the 
anesthesia literature about succinylcholine-induced 
hyperkalemia, which can lead to immediate cardiac 
arrest in certain instances. 

The patients who are most vulnerable to this 
danger are paraplegics particularly. There is a 
sensitive period in the paraplegic when the muscle 
acts as a total area for the efflux of potassium into 


'the extracellular space. Normally, a depolarizing 


relaxant physiologically releases a little potassium 
at the motor cell plate, but when the cell is par- 


32. Trey, C., Lipworth, L. and Davidson, C.: The 

Clinical cal Syndrome of Halothane Hepatitis, 

Anesthesia and Analgesia, Current Researches. 
48:1033, ie 

33. Uzunalimoglu, B., Yardly, J. H. and Boit, J. 

K.: The Liver in Mild Halothane Hepatitis. 

Am. J. Path., 61:457, 1970. 

34. Way, W. L. and Cullen, S. C.: An Evaluation 

on HUE Toxicity. "Am, J. Surg., 115:612, 


35. wilkinson, C. J.: Postanesthetic Hepatic Dys- 
function, Arch, Dor 101:359, 1970. 

36. Wilson, R. D., Dent, T E Traver, D. C., 
McCoy, N. R. and Allen, C ; Malignant 
Hyperpyrexia with Ane JAMA, 202: 
183, 1967. 

9f. Wright, R., McCollum, R. W. and Klatskin, G.: 
Australia Antigen in Acute and Chronic Liver 
Disease. Lancet, 2:117, 1969. 


a.yzed the potassium comes out from the whole 
cell membrane, so that levels of potassium in the 
blood can go as high as 10, 12, or 14 mEq. per 
liter, which, of course, causes cardiac arrest. 

This was, to me, new. Not much has been re- 
ported in the surgical literature, although there 
have been several articles in the last 2 years in the 
anesthesiology literature, and two in the Journal 
of the American Medical Association. 

Cooperman, at the University of Pennsylvania, 
points out this serious threat, and advises that 
suecinylcholine not be used in paraplegic patients, - 
hemiplegic patients, patients with muscular dys- 
trophy, multiple sclerosis, severe burns, and severe 
muscle trauma. 


Dr. James C. Drys (Lexington): I believe we 
have a serious problem with anesthesia. Hecently, 
I had an elderly patient with complete colon 
okstruction—splenic flexure carcinoma. She was 
anesthetized and was on a power respirator for 3 
days. I asked the anesthetist why he hadn’t just 
sprinkled ether on her nose. He answered that she 
would not have come to for 3 or 4 hours. 

I believe anesthesia is too complicated; we are 
handling so many drugs. Dr. Harry Beecher has 
been interested in balanced anesthesia for many 
years, a balance of several toxins. 

When we were using GOE, nitrous oxide, and 
ether and oxygen we did not have these problems 
of cardiac arrest, malignant hyperthermias and 
other problems. I believe we should closely ex- 
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amine the complexity of the practice of anes- 
thesiology. 

I am not enough of a pharmacologist to under- 
stand all of these complications which occur. Our 
residents are the best experts in cardiac arrest that 
I have ever seen. This complication did not occur 
when we were using the older agents. 

In the early part of the war we used open 
drop ether and chloroform, and we did not have 
these complications which are presently occurring. 
We should seriously consider going back to 
simpler methods, and I believe we might end up 
with more living patients. 


Dn. Warram Anonorr (Dallas): We too have 
had these complications with anesthesia—with 
halothane—but I would like to add one other 
than we had that was very startling. 

A patient with the prophetic name of Dye was 
anesthetized for carcinoma of the floor of the 
mouth. He was hooked to a monitor—intubated, 
naturally—and we noted that the complexes be- 
came shorter, and the intervals between the com- 
plexes became greater after which cardiac arrest 
occurred. He had cardiac massage; he was un- 
conscious 24 hours, developed auricular fibrilla- 
tion, and 12 days later, after much consultation, 
and with our tongues in our cheeks, we again put 
the patient to sleep. Again he was given halothane 
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and the same sequence of events reoccurred. He 
was immediatey switched to penthrane, and a 
successful operation was done with a surviving 
patient. 


Dr. BENJAMIN F. Byrd, Jr. (Closing): Dr. 
Donald's experience with hyperkalemia may well 
be explained. I believe he probably indicated, by 
the shift of pctassium out of the cells and the 
entry of calcium into them, which produces an 
enzyme reaction very similar to the one which 
results in hyperthermia, it produces a rigidity of 
the cardiac as well as the skeletal muscles. 

There kave been no reported survivors with 
hyperthermia when cardiac arrest was a compli- 
cation, so this whole pattern may well fit together. 

To Dr. Drye I would express our sincere ap- 
preciation for his comments about the complexity 
of anesthesia. - would like to point out that one 
of the deaths from hyperthermia followed circum- 
cision. 

I would just like to remark that these compli- 
cations are both in their earliest stages, diagnoses 
of exclusion, ard require a high index of suspicion. 
The initiation of treatment is imperative in the 
early stages, and one can worry about being 
right or wrong later. Normothermia is a great 
thing in the postoperative patient. 
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CLAUDE BERNARD observed increased 
blood sugar concentrations in experimen- 
tally produced hemorrhagic shock in 1877, 
and during the ensuing 94 years, many 
studies have been conducted in attempts to 
elucidate the mechanism of causation and 
the significance of this observation.!5 It is 
well documented that hyperglycemia usu- 
ally occurs early in the development of 
shock, both in humans and in experimental 
animals, though hyperglycemia may also be 
observed in some patients sustaining trauma 
without shock. Experimental work in this 
subject has not led all investigators to the 
same conclusion, but the generally held con- 
cept explains the hyperglycemia on the basis 
of catecholamine release, with adrenalin 
causing hyperglycemia as a result of its 
action upon the liver. More recent studies 
have also demonstrated that adrenalin sup- 
presses insulin release from the pancreas 
and this has been postulated as an addi- 
tional mechanism." ? The present study was 
stimulated by the observations of Bauer 
and associates ë that insulin reponse remains 
normal in experimentally produced hemor- 


rhagic shock in the dog and their data 


would indicate that a lack of insulin re- 
sponse to hyperglycemia is not the impor- 
tant factor in the production of hypergly- 
cemia. McCormick and associates 1? have 
also reported an insulin response to the 
hyperglycemia of shock in the dog. On the 
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other hand, Moss and associates ?? were un- 
able to demonstrate such an insulin re- 
sponse in the baboon and Halmagyi and 
associates found no correlation between 
serum insulin concentrations and blood glu- 
cose concentrations during experimentally 
produced hemorrhagic shock in sheep. 

At the time this study was begun, we 
found no data on the plasma insulin re- 
sponse to shock in humans, though Howard 
and associates ? had reported an insulin re- 
sistance in soldiers who had sustained se- 
vere wounds in the Korean war. There are 
now, however, at least four reports which 
indicate that man has an abnormal insulin 
response in shock. Allison and associates ^? 
found an absence of insulin response to a 
glucose load in burned patients and Dykes 
reported an abnormal response to tolbut- 
amide in patients with cardiogenic shock. 
In 1970, Carey and associates * reported a 
study of men injured in combat in Vietnam 
and this contributed the first data on the 
insulin response in the first few hours fol- 
lcwing traumatic shock in the human. Their 
data led to the conclusion that most patients 
with traumatic shock do not have an in- 
sulin response to the endogenous hyper- 
glycemia which develops as a part of this 
clinical syndrome. 

The present study was performed to gain 
additional data in humans concerning in- 
sulin response to the hyperglycemia of 
shock and to make a comparative evaluation 
of glucose and insulin responses in patients 
without shock who undergo operation be- 
cause of trauma, for in such patients, as has 
been pointed out by others, there are many 
factors, including the emotional response 
to trauma, the need for anesthesia and sur- 
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TABLE 1. Clinical Features of Patients in Group A 


and Group B 
Group A Group B 
Sex M 13 12 
F 2 2 
Race W 3 8 
B 12 6 
Age (years) 
Average 30 40 
Range 18-52 25-65 
Systolic blood 
pressure (mm. Hg) 84—140 0-70 
Pulse (beats/min.) 80-115 115-142 


gical intervention, in addition to the de- 
velopment of shock, which may have a 
bearing upon the ultimate response. 


Material and Methods 


Patients admitted to the Emergency 
Room at the Ben Taub General Hospital 
in Houston, Texas, were chosen for study. 
All had sustained trauma, in most instances 
stab wounds or gunshot wounds. Patients 
were excluded if there was severe injury to 
the liver, pancreas, or adrenal, which might 
influence changes in glucose metabolism. 
The patients were divided into groups. In 
Group A were 15 patients who sustained 
trauma of sufficient magnitude to require 
hospitalization and repair of their wounds, 
but who did not develop shock. The ad- 
mission pulse rates in this group varied 
from 80 to 115 beats per minute and the 
systolic blood pressures varied from 84 to 
140 mm. Hg. Only one patient in this group 
had a blood pressure of less than 100 mm. 
Hg, systolic. This patient, with a blood 
pressure of 84/0 mm. Hg and a pulse rate 
of 115 beats per minute had a blood glucose 
response which paralleled more closely 
those of the majority of patients in shock 
than of the non-shock group, but he is 
maintained with the non-shock group, be- 
cause of the criteria established. Group B 
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consisted of l4 patients who had the clin- 
ical manifestations of shock at the time of 
admission to the Emergency Room. No pa- 
tient had a systolic blood pressure of more 
than 70 mm. Hg and the pulse rates varied 
from 115 to 142 beats per minute. Only one 
patient had a pulse rate less than 120 beats 
per minute. Other clinical signs of shock, in- 
cluding pallor, sweating and depressed 
sensorium were noted. 

The sex composition of the two groups 
was almost identical, there being only two 
females in each group. The age range in 
patients in Group À was from 18 to 53 years 
with an average age of 30. The patients in 
Group B ranged in age from 25 to 65 with 
an average age of 40. Thus, there was a 
decade difference in the average age in the 
two groups. There was also a racial differ- 
ence in the two groups, there being a larger 
percentage of black patients in Group A 
than in Group B (Table 1). Thirteen pa- 
tients in Group A and 12 in Group B re- 
quired general anesthesia for treatment of 


TABLE 2. Tabulation of Injuries Sustained by the 
Patients in the Two Groups 


Site of Injury Group A Group B 


Chest 3 3 
Abdomen 17 15 
Jejunum 6 4 
Colon á 3 
Major arteries 3 
Major veins 3 
Mesentery 1 1 
Stomach 1 
Spleen 1 
Liver 1 
Pancreas 1 
Abdominal wall 4 
Peripheral arteries 1 4 
Other 2 3 
Bladder 1 
Testicle 1 
Facial fractures 1 
Multiple stab wounds i 
Amputation of leg i 
Total 23 25 
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injuries, while two patients in each group 
had repair of their wounds under Jocal an- 
esthesia. There was a similar distribution of 
organ injury except for a greater incidence 
of vascular injury in patients in Group B, 
these injuries often being the cause of 
shock. Only one patient had an injury of 
the liver and pancreas, These wounds were 
small and superficial and caused no direct 
impairment of organ function. The patients 
listed as having wounds of the abdominal 
wall had penetrating injuries. Two had 
evisceration. All four underwent general 
anesthesia and abdominal exploration, but 
were found to have no internal organ injury 
( Table 2). 

All patients in both groups were treated 
as usual in our institution for their respec- 
tive injuries, except for fluid administration. 
No patient in either group received any glu- 
cose intravenously until after initial studies 
had been done, and in nine patients in 
Group A and 10 patients in Group B no 
glucose was administered during the first 
48 hours after admission, with the exception 
of the glucose contained in whole blood 
transfusions. Six patients in Group A, and 
four patients in Group B received glucose 
solution later. In general, glucose adminis- 
tration was begun more than 8 hours follow- 
ing admission. Thus, in the graphs depicting 
the effect of exogenously administered glu- 
cose, the 8-hour values are omitted, as these 
do not reflect the effect of glucose adminis- 
tration. 

Four of the 14 patients in Group B were 
given 60 mg. of Decadron within the first 
8 hours of admission as a part of the ther- 
apeutic regimen for the treatment of shock. 
No other drugs were given, however, which 
were likely to affect glucose metabolism 
significantly. 

All patients had blood drawn for deter- 
minations of blood glucose concentrations 
and insulin concentrations immediately 
upon arrival in the Emergency Room. Ac- 
curate records were maintained of fluid and 
electrolyte administration, and the initial 


laboratory studies were repeated at 8-hour 
intervals for the first 48 hours of hospitaliza- 
tion. Insulin determinations were performed 
by a radioimmunoassay technic. 


Results 
A. General 


All patients in shock responded to the 
therapeutic program administered. In many 
instances, normal blood pressure was re- 
stored within 30 minutes to 1 hour follow- 
ing institution of therapy, though in a few 
instances, 3 to 4 hours, and in one instance, 
8 hours elapsed before persistently stable 
vital signs were observed. No patient died 
of shock and no patient developed com- 
plications which could be attributed to this 
study. 

There was only one death among the 29 
patients studied, an overall mortality rate 
of 3.5%. This occurred in a patient ad- 
mitted in shock with a blood pressure of 
70/0 mm. Hg and a pulse rate of 140 beats 
per minute. He had sustained a gunshot 
wound of the abdomen with transection of 
the right common iliac artery, right com- 
mon iliac vein and perforation of the cecum, 
jejunum and transverse colon. He responded 
well to resuscitative measures and withstood 
operative repair of his injury without diffi- 
culty. He did well until he developed in- 
testinal obstruction due to adhesions on the 
tenth postoperative day. This complication 
required reoperation for relief and he sub- 
sequently developed a multitude of com- 
plications, including enteric fistulas, which 
led to his demise 30 days postoperatively. 
Thus, the mortality rate among the patients 
treated for shock was 7%. 


B. Carbohydrate Metabolism 
1. Blood Glucose Response 


a. The initial blood glucose concentrations 
among the 15 patients in Group A 
ranged from 80 to 176 mg./100 ml. Ten 
were within the range of normal—that 
is, less than 120 mg./100 ml. while five 
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Fic. 1. A graph to show average blood glucose 
concentrations at 8-hour intervals following hos- 
pital admission with and without administration of 
exogenous glucose. The average concentrations in 
patients Pei: decur glucose are shown 
by the dotted line and indicate a rise, as com- 
pared to a fall in glucose concentrations in pa- 
tients receiving no exogenous sugar. 


were higher than this. Only two how- 
ever, had blood glucose concentrations 
as high as 150 mg./100 ml. and one pa- 
tient was previously mentioned in whom 
blood pressure was 84/0 mm. Hg. Thus, 
among the 14 patients with blood pres- 
sures of over 100 mm. Hg systolic at the 
time of admission, only one had a blood 
glucose level exceeding 150 mg./100 ml. 
Five of the nine patients who were 
given no exogenous glucose at any time 
during their first 48 hours, showed slight 
rises in blood glucose concentrations 
during the first 24-hour period, possibly 
representing an effect of anesthesia and 
operation, so that the average blood glu- 
cose concentration in this group was 
greater at the 16- and 24-hour periods, 
but there was a subsequent decline. 
None of these patients developed hypo- 
glycemia at any time during the study. 
Among the six patients who were 
given exogenous glucose during the 
study, a different curve was seen, as 
anticipated. There was a rise in the 


tration produced by intravenous admin- 
istration of sugar (Fig. 1). 


. The patients in Group B, admitted in 


shock, showed a markedly different pat- 
tern. Tke blood glucose concentrations, 
on edmission, varied from 102 to 320 
mg.,100 ml. There were only three pa- 
tients, however, in whom blood glucose 
concentrations were lower than 150 mg./ 
100 ml. upon admission and all of the 
patients in this group had glucose con- 
centratons of 120 mg./100 ml. or above 


‘at some time during the study. The 


typ:cal response among 10 patients re- 
ceiving no exogenous glucose was a rela- 
tively rapid fall during the first 8 hours 
of the study and a slower fall continuing 
throughout the next 24 hours, but tend- 
ing to level off at an average value of 
approximately 100 mg./100 ml. during 
the last 16 hours of the study. Only one 
padert in this group ever experienced 
a blood glucose concentration lower than 
70 mg./100 ml. and this was not asso- 
ciated with symptoms of hypoglycemia. 
This was a patient who sustained a chest 
injure associated with intrathoracic hem- 
orrhage, treated only by tube thoracos- 
tcmy. Her initial blood glucose concen- 
tration was only 102 mg./100 ml. and 
the highest value at any time was 190 
mg./100 ml. The blood glucose concen- 
tation in this patient at the end of 48 
kours was 65 mg./100 ml. 

Tae four patients receiving exogenous 
glucose demonstrated a different curve, 
as Enticipated. The average blood glu- 
cose concentration remained elevated 
luring the entire study period, though, 
despite exogenously administered glu- 
cos2 two of the four patients had normal 
glucose concentrations at 42 hours and 
three of the four had values that were 
within normal range at 48 hours (Fig. 2). 
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2. Plasma insulin Response 


a. The initial plasma concentrations in the 
patients in Group A ranged from amounts 
which were not measurable to a max- 

imum of 12 microunits per milliliter. 
The patient with a value of 12 had a 
blood glucose concentration of 100 mg./ 
100 ml. at the time this value was re- 
corded. The two patients with blood glu- 
cose concentrations over 150 mg./100 
rnl. had plasma insulin concentrations of 
2 and 3 microunits per milliliter, respec- 
tively. The highest level recorded on any 
determination at any time in these who 
did not receive any exogenous glucose 
was 26 microunits per millilter. Among 
the patients who received exogenous 
glucose and who had increases in the 
blood glucose levels during the latter 
part of the study, insulin response also 
was notably lacking. Only one patient 
disclosed what appeared to be a definite 
response with an increase in the plasma 
insulin concentration of 33 microunits 
per milliliter at 40 hours and 68 micro- 
units per milliliter at 48 hours (Figs. 
3, 4). 

b. None of the patients in Group B demon- 
strated a normal insulin response to the 
hyperglycemia recorded at the time of 
admission, the highest initial plasma in- 
sulin concentration in the entire group 
being 21 microunits per milliliter. Sev- 
eral patients with blood glucose concen- 
trations of more than 170 mg./100 ml. 
had plasma insulin concentrations of less 
than 5 microunits per milliliter. During 
the entire period of study of all of these 
patients, including those who received 
exogenous glucose and those who did 
not, there were only five values recorded 
which exceeded 20 microunits per milli- 
liter and these did not correlate with 
blood glucose concentrations. One pa- 
tient, at 8 hours, had a value of 66 micro- 
units per milliliter, which accounts for 
the rise in the average value recorded in 
the 8-hour sample in the graph. This pa- 
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Fic. 2. A graph showing comparative blood 
glucose concentrations in patients in shock in pa- 
tients receiving no exogenous glucose (solid line) 
and those receiving exogenous glucose (broken 
line). Exogenous glucose did not prevent a fall in 
glucose concentrations from admission values, but 
resulted in maintenance of a higher glucose con- 
centration than in patients not given sugar. 


tient never demonstrated a value greater 
than 2 microunits per milliliter at any 
other time, and the significance of the 
single high value is not apparent (Fig. 5). 


3. The Effect of Decadron 


None of the four patients who received 
Decadron during the operative period 
demonstrated any apparent effect of this 
drug on glucose concentration or on the 
plasma insulin response, the patterns 
being essentially the same as that ob- 
served in those who did not receive this 
drug (Fig. 6). 


Discussion 


According to Moore,?? the traumatic stim- 
uli most effective in causing increased secre- 
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Fic. 3. Insulin concentrations in Group A pa- 
tients without exogenous glucose (solid line) and 
with exogenous glucose (broken line). This graph 
suggests the development of some insulin response 
at 40 hours, but this is largely the effect of the 
response in one patient (Fig. 4). 


tion of epinephrine include oligemic shock, 
the excitement phase of induction of ether 
anesthesia and the combined neuropsychic 
stimuli of pain, fear and apprehension. All 
of the patients studied experienced pain, 
fear and apprehension, and many had ether 
anesthesia in addition. Thus, it is reason- 
able to assume that all had a catecholamine 
response of some degree, and thus eleva- 
tions of blood glucose levels in some pa- 
tients without shock should be anticipated 
on the basis of individual variability in ad- 
renal responsiveness to stimulation and/or 
the response of the liver to adrenalin. 

The difference in the degree of blood 
glucose concentrations in the two groups is 
striking, however, and correlates well with 
virtually all previous studies in animals and 
man.!? 14,15 There is no question about the 
hyperglycemia effect of adrenalin and there 
is adequate evidence that the adrenal secre- 
tory response initiates release of glucose 
from glycogen stores in liver and muscle. 
Some investigators tend to explain the en- 
tire phenomenon of hyperglycemia on this 
mechanism, but if the hyperglycemia is a 
sole result of the adrenal activity, the ad- 
renal medulla must usually respond to hy- 
potension with secretion of amounts of epi- 
nephrine greatly in excess of the response 
to any other stimulus. None of the studies 
which we have reviewed documents this, 
either in the experimental animals or in the 
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human, and we agree with those who be- 
lieve that the hyperglycemia of shock rep- 
resents a more complex response related to 
peripheral metabolism of glucose in shock. 
This study makes no attempt to document 
this aspect of the problem, but there are 
several factcrs to be considered. For exam- 
ple, the blood volume in hemorrhagic shock 
is decreased and thus on a simple compara- 
tive dilutional basis, the peripheral concen- 
tration of glucose in shock could be dif- 
ferent, even though adrenal response and 
hepatic liberation of glucose was identical. 
In addition, the availability of glucose to 
the cells is decreased because of decreased 
cardiac output and the peripheral vasocon- 
striction resulting frequently in inadequate 
perfusion of tissues. Furthermore, there may 
be a temporary inabilitv to utilize glucose 
rapidly in the early stage of development 
of shock. Studies by others on this subject 
have not produced uniform results. 


200 FATIENT D.B, 
175 
150 15 


t 
t 
; 
t 
r 
a 
125 r 50 
, 
e 
; 
? 
i 
4 
t 


BLOOD GLUCOSE CONCENTRATION (mgm%} 


100 à : / 25 


INSULIN (Microunits/m!) 


8 16 24 32 AQ 48 
TIME tHours) 


Fic. 4. The blood nae response (solid line) 
and insulin response (broken line) in one patient 
in Group A receiving exogenous glucose. This is 
the only patient in whom a definite insulin re- 
sponse was recorded. 
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Fic. 5. Insulin concentrations in patients with 
shock, with exogenous glucose (broken line) and 
without exogenous glucose (solid line). The two 
apparent peaks were not correlated with changes 
in blood glucose concentrations and did not ap- 
pear to represent a specific insulin response. 


The data in this study do not allow an 
explanation of the response in two patients 
in the shock group who did not have an 
initial elevation of blood glucose concentra- 
tion. It has been postulated that some pa- 
tients admitted to city-county hospitals are 
glycogen depleted and thus unable to re- 
spond in a normal manner because of in- 


adequate glycogen stores. This does not 


seem to be the circumstances in either of 
these two patients, however, as both were 
well nourished. Other possibilities include 
a poor adrenal response, an inadequate re- 
sponse of the liver, or an unusually good 
peripheral utilization of glucose. Neither of 
these patients, however, had an insulin re- 
sponse which would explain this difference. 

Our studies support the observations of 
Carey et al, that a normal insulin response 
to hyperglycemia does not occur in shock, 
and that it does not return within 48 hours.* 
Of equal importance, however, is the fact 
that a similar degree of insulin suppression 
occurred in patients who sustained trauma 
without shock, and some of these patients 
also failed to show a return to normal func- 
tion within 48 hours. This observation indi- 
cates that while loss of insulin response may 
be contributory, it is not a critical factor in 
the development of hyperglycemia of shock. 
Furthermore, if the insulin suppression is 
a result of epinephrine action, as believed, 


this effect must be much more potent than 
the effect on glycogen mobilization. 

The suppression of insulin secretion is an 
interesting aspect of epinephrine action. 
The mechanism has not been delineated, 
but whatever the mechanism, speaking 
teleologically, it seems incongruous with 
the glycogenic action of the hormone, for 
if the blood sugar is not utilized properly 
by the body, the blood concentrations ex- 
ceed the renal threshold and thus critical 
body stores and nutrient are wasted at a 
time when there should be maximum con- 
servation. In addition to the action on me- 
tabolism of glucose peripherally, however, 
insulin also decreases hepatic glucose out- 
put, and this would tend to decrease the 
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225 ST UCOSE AND INSULIN CONCENTRATIONS IN PATIENTS 


RECEIVING DECADRGN FOR TREATMENT OF SHOCK 
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and insulin (O) concentrations in patients receiv- 
ing Decadron for shock. The blood glucose con- 
centrations were almost identical to those ob- 
served in patients without shock (Fig. 2) and 
there was no detectable insulin response. 


Fic. 6. (5). depicting average glucose (X) 
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effect of epinephrine.* Through whatever 
mechanism. this suppression occurs, how- 
ever, all available evidence at this time in- 
dicates the absence of a normal insulin re- 
sponse to the hyperglycemia of shock in the 
baboon, sheep, and man—but not in the 
dog. The significance of this species’ differ- 
ence needs further study, as it may have 
important implications in evaluating the re- 
sults of irreversible shock in the dog model. 

Whether or not the use of corticoids has 
a beneficial effect in the treatment of shock 
is a highly debatable subject and the treat- 
ment of the patients reported herein gives 
no evidence to support or deny the value 
of this agent. However, it can be stated that 
Decadron does not appear to have any ef- 
fect upon glucose metabolism as reflected 
in blood glucose concentrations and plasma 
insulin concentrations in patients with shock. 
The effect of the agent on carbohydrate 
metabolism is less than that already opera- 
tive through a variety of endogenous 
mechanisms. 

It is apparent that our present knowledge 
of carbohydrate metabolism in trauma and 
shock does not allow satisfactory explana- 
tions for all observed phenomena. 


Summary 


A study of blood glucose and plasma in- 
sulin concentrations in 15 patients sustain- 
ing trauma and requiring hospital treat- 
ment, but who were never hypotensive, 
were compared with those in 14 patients 
who were in shock at the time of admission 
to the hospital. Most of the patients sustain- 
ing shock, demonstrated hyperglycemia at 
the time of admission while most of those 
not in shock did not. Neither group, how- 
ever, demonstrated a normal insulin response 
to hyperglycemia, either the endogenously 
produced hyperglycemia of shock or to hy- 
perglycemia produced exogenously by in- 
travenously administered glucose. The ad- 
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ministration of Decadron as an aid in the 
treatment of shock had no demonstrable ef- 
fect upon the blood glucose concentration 
or the plasma insulin response. 
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Central Venous Pressure Monitoring: 


Misinterpretation, Abuses, Indications and a New Technic 


PauL M. JAMES, JR., M.D., F.A.C.S., Ricuanp T. Myers, M.D., F.A.C.S. 


From the Department of Surgery, Bowman Gray School of Medicine, 
Winston Salem, North Carolina 


THE COMPARISON of central venous pres- 
sure (CVP) and pulmonary artery pressure 
(PAP) is often based upon their indica- 
tions, technics of insertion, attributes and 
complications. 

Much controversy still exists as to the 
best method of performing these proce- 
dures, their interpretation and relative 
value. This report reviews the basic physiol- 
ogy involved and presents our CVP method 
as well as the best procedure to evaluate 
the numbers obtained. 

Aubaniac * in 1952 first advocated the in- 
jection of fluids through the subclavian ves- 
sels. Later Keeri-Szanto * in 1956 advocated 
the subclavian vein for intravenous injec- 
tion. Wilson ° first popularized this method 
in the United States in 1962. Since then its 
popularity has progressively increased. With 
this popularity much benefit and some 
abuse of the technic has resulted. We 
adopted the technic of Yoffa è as described 
in 1965 and have used this supraclavicular 
procedure since. This method which has 
been attempted in 3,000 (Table 1), with 
a success rate of 95%, has been associated 
with a major complication rate of 1.2% and 
a single mortality. 

The circulatory dynamics of a patient are 
maintained by the triad of vascular capaci- 
tance, effective circulating volume, and car- 


Presented at the Southern Surgical Association 
Meeting held at Hot Springs, Virginia, December 
6-8, 1971. 
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diac pump action. These three procedures 
interact to provide blood pressure, cardiac 
output and tissue perfusion. Central venous 
pressure must be taken as one parameter 
by which the interaction of these modal- 
ities is evaluated. In the dynamic situation, 
blood volume determinations by radioiso- 
topes have been found lacking.’ CVP will 
be helpful in determining volume needs 
only if the assumption is valid that both 
ventricles are functioning with equal effi- 
ciency. When this premise breaks down, 
central venous pressure is not an accurate 
reflection of needed volume. 


Technic 


The technic we use for supraclavicular 
insertion is detailed below. The patient is 
placed in the semi-Trendelenberg position 
and the feet are well elevated. The area in 
the supraclavicular site to be used is se- 
lected (Fig. 1). Pillows are removed from 
under the patient’s head. The patient is 
asked to raise his head from the bed to de- 
lineate the junction of the lateral border 
of the sternocleidomastoid (SCM) and the 
clavicle. After this is done, the patient’s 
head is turned to the side opposite the pro- 
posed area of insertion. The next maneuver 
is to prepare the supraclavicular fossa in 
a sterile fashion including the suprasternal 
notch. Alcohol and iodine are then applied. 
Sterile towels cover the bed, the patient’s 
anterior chest and the lateral side of the 
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TABLE 1. Supraclavicular Technic Statistics 
(1965-1971) 


No % 
Attempts 3,000 84.1 
Successful 2,851 95 
Complications 337 11.2 
Major % of attempts 36 1.2 
Minor % of attempts 301 10.0 
Major % of complications 36/337 10.6 


Minor % of complications 301/337 89.4 


This shows our experience with the supraclavicular 
method. There has,been one mortality from this 
technic. 


patients head, but not the patient's face. 
The suprasternal notch should remain in the 
field as a guide and landmark. A local anes- 
thetic is drawn up in a 10 cc. syringe and 
is injected. A standard large Bardic Intra- 
Cath * with a 14-gauge needle is the best 


* C. R. Bard, Inc., Murray Hill, New Jersey. 
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Fic. 1. The clavicle, the sternocleidomastoid 
muscle and the puncture site are demonstrated 
from the position above the patient that the 
operator assumes. 
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unit to use. This is packaged in a kit con- 
taining the necessary parts. The needle is 
then changed to the 14-gauge CVP needle 
and the sternocleidomastoid, clavicular an- 
gle is bisected. The initial angle begins ap- 
proximately 10 degrees below the horizontal 
plane (Fig. 2). After each pass the barrel 
of the syringe is elevated a few degrees 
toward the horizontal plane. Most punc- 
tures are successful between 10 to 20 de- 
grees above the horizontal plane. Each pas- 
sage of the needle is preceded by a sub- 
cutaneous ejection of anesthetic solution to 
dislodge any skin or fat bodies impacted in 
the needle during its insertion. Each at- 
tempt is made slowly with gentle aspiration 
applied continuously with occasional injec- 
tion of anesthetic to clear the needle of 
debris. If the first pass is unsuccessful, sub- 
sequent attempts are performed by bringing 
the needle to a subcutaneous position and 
re-entering at a new angle. The barrel of 
the needle is maintained in the same axis 
during a pass. This insertion is slowly per- 
formed with aspiration and injection being 
carried out alternately until the needle is 
at its full depth. Arterial pressure will cause 
the syringe to fill without aspiration. The 
sudden “flashback” of blood is typical of 
the venous cannulation. Following this, the 
catheter which has been left in its plastic 
envelop is placed into the needle barrel 
after the needle has been grasped with a 
hemostat to hold its position (Fig. 3). If 
there is difficulty threading the needle, the 
bore should be rotated so that the level is 
down. Initial insertion is with the bevel up. 
If difficulty persists in threading the cath- 
eter, it is wise to remove it if there is no 
resistance to withdrawal. The needle is then 
repositioned. If the catheter is difficult to 
withdraw, it is best to pull out the needle 
and the catheter or advance the catheter 
and try to withdraw it again with a rotary 
motion. If this fails it is best to withdraw 
both needle and catheter. If the catheter 
can be successfully withdrawn, the vessel is 
again aspirated to be sure that the needle 
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remains in the lumen and the angle of the 
needle is changed while aspirating blood 
from the vein. Very often this maneuver will 
allow the catheter to be passed following 
reinsertion. At this point extreme care must 
be taken to prevent a catheter embolus. 
Explanation of the phenomenon is that the 
vessel is either over-penetrated or under- 
penetrated and the catheter is tangentially 
inserted into the adventitial tissue rather 
than into the vessel itself. The other situa- 
tion is where the catheter impinges on the 
opposite wall of the vein instead of follow- 
ing the blood flow. 

The last maneuver after taping down the 
catheter is to aspirate through a venous- 
connecting tube to be sure that blood re- 
flux is forthcoming. This is a rule which 
must not be violated. As soon as the cath- 
eter is in place the assistant puts his finger 
over the entry point of the catheter into 
the skin. Following this maneuver, tincture 
of benzoin solution is applied over the en- 
tire area. Chevrons of 14” tape are care- 
fully placed to within 1 cm. of the catheter 
entrance into the skin. Following placement 
of these tapes, 1 inch tape is used to con- 
nect the catheter, the needle, the needle 
guard, and the hub of the catheter in one 


Fic. 3. Assistant per- 
forms a critical maneuver 
postvenous puncture by 
stabilizing needle in vein 
with hemostat while cath- 
eter is inserted. 
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Fic. 2. Demonstration of the angle of the 
needle during insertion. Cross section of the sur- 
rounding structures is shown. 


unit and a venous connecting tube is in- 
serted in the line and secured. This prevents 
detachment with hemorrhage or air aspira- 
tion. The catheter is then taped in place and 
brought back over the patient's shoulder so 
that he may be ambulatory and have full 
mobility. 

If bleeding should occur because of a 
hemorrhagic diathesis, pressure is applied 
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Fic. 4. PAP catheter placement verified by 
postinsertion chest film. 


over the Bandaid which covers the entrance 
of the catheter into the skin. When this is 
done and the bleeding is still not stopped, 
local pressure for 30 minutes by an aide or 
the patient himself may be satisfactory. If 
not, a 3-inch ace bandage is wrapped from 
the supraclavicular fossa to the opposite 
axilla and utilized in this fashion. We have 
had one serious internal hemorrhage in our 
series. 

Immediately after insertion of the cath- 
eter and connection of the line, the patient 
is taken out of Trendelenberg position and 
placed in semi-Fowler position. He should 
remain in this position for 30 minutes fol- 
lowing insertion of the catheter after which 
normal activities are resumed. 

We have found that it is important when 
x-raying the patient immediately postinser- 
tion of the catheter for position, to have 
this done portably. If this patient must go 
to any area for studies or therapy, he should 
be accompanied by an aid whose sole job 
is to keep the line open. The catheter should 
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be flushed vigorously with heparin, procaine 
or lidocaine solution when the dressings 
are completely changed every 3 to 4 days. 
A sterile Bandaid with triple antibiotic oint- 
ment should be placed over the cutaneous 
entrance of the catheter and changed daily. 
The catheter tip is routinely cultured. We 
add 1,000 U heparin, 8 cc. of bicarbonate 
(1 mEq./cc.) and 5 cc. lidocaine 1% to 
each liter of fluid the patient receives. There 
has been an extremely low incidence of 
catheter contamination after removal. Pres- 
sure for 10 minutes following withdrawal of 
the catheter is all that is necessary. This is 
followed by application of a Bandaid in a 
firm fashion with triple antibiotic ointment. 

It is good practice if the patient has a 
good lung and a bad lung to attempt to 
place the catheter line on the side of the 
bad lung first. 

Blood may be aspirated and hypertonic, 
irritating solutions may be given through 
the subclavian catheter. Thrombosis or 
other sequelae are rarely seen because of 
dilution. No matter where the catheter is 
placed, however, it is mandatory to confirm 
by x-ray, at the time of insertion, the posi- 
tion that it finally assumes (Fig. 4). 

Meticulous care of the catheter site is 
mandatory and is the only means of pre- 
venting invasive infections and systemic 
sepsis. If this is carried out, catheters may 
be left in 30 to 60 days without difficulty. 


Misinterpretation 


When using CVP as a guide many miti- 
gating factors must be kept in mind. Most 
serious of these is failure to appreciate the 
“lag phenomena" and to overhydrate the 
patient by administering fluid too fast.” This 
problem is avoided by giving fluid in 200 to 
300 ml. increments and waiting for the ven- 
tricles to assume the most efficient ventricu- 
lar function curve for them. 

Other important factors are the use of 
trends rather than single values, and the 
measurement of CVP at the same level on 
the patient with the patient in the same 
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position. Changes in intrathoracic pressure 
such as Valsalva maneuvers or coughing by 
the patient causes inaccuracies as will pneu- 
mothorax or hemothorax. Pulmonary fibrosis 
and pulmonary embolus are other causes of 
false CVP elevation as far as total body 
fluid need is concerned, although in this 
example right ventricular failure is ac- 
curately reflected. 

Vasoactive drugs, especially vasoconstric- 
tors, cause venospasm and can elevate the 
CVP 10 mm. Hg or more when actually 
volume is needed. A iypical example of 
this is the patient given increasing doses of 


pressor due to persistently dropping blood 


pressure in whom fluids are restricted due 
to an elevated CVP and low urine output.? 
Many of these patients respond to cautious 
fluid administration and cessation of vaso- 
pressors. 

Mechanical increases in pressure due to 
ventilators, endotracheal anesthesia, or oc- 
clusion of the catheter by thrombus or kink 
must be watched for as well. The column 
of fluid should fall freely in the manometer 
during measurement or mechanical flaws 
can be anticipated. 

Mediastinal compression due to fluid ex- 
travasation is another pitfall to keep in 
mind. 


Complications 


Complications reported are many and 


‘often bizzare. Hence the need for the pro- 


cedure must be weighed against any poten- 
tial hazzard-to the patient. Most common 
in our experience are hematoma formation 
followed by catheter occlusion with throm- 
bus. Failure to insert the catheter ranks 
next; while pneumothorax, hemothorax, and 
local infection have been seen but are infre- 
quent, Systemic sepsis has occurred in sev- 


eral patients, the organism usually being 


Candide albicans. The one mortality in our 
series was from an air embolus. Anyone 
undertaking this procedure must be pre- 
pared to prevent this problem and also in- 
stitute immediate therapy if the complica- 
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TABLE 2. Comparing 3 Parameters in 116 Patients 
with Shock er Major Surgery 


CVP PAP PCWP 
27 + +: + 
13 + 4 - 
76 - -+ + 


Key: + means elevated. 
— means normal or low. 
This demonstrates that the majority of patients in 
this selected series required PA catheters to determine 
their real volume needs. 


tion should occur. Other reported complica- 
tions such as catheter embolus have not 
occurred in our series. The overall problems 
of complications and their avoidance is the 
topic of a subsequent communciation. Com- 
plications are frequent enough to vindicate 
weighing the use of the method in each in- 
dividual patient and to dictate a list of 
indications for its use. 


Indications 


Indications for central venous catheteriza- 
tion include: (1) monitoring central venous 
pressure which should be done in any 
critically ill patient, (2) any patient receiv- 
ing long-term parenteral fluid therapy, (3) 
hyperalimentation, (4) prolonged antibiotic 
administration, as for subacute bacterial 
endocarditis, or chemotherapy, (5) any 
time an intravenous line will be necessary 
for more than 3 or 4 days and the adminis- 
tration of fluids is critically important, (6) 
along with PAP catheter in myocardial in- 
farctions with shock, (7) multiple system 
injury patients, and (8) open-heart surgery. 


Pulmonary Artery Pressure 


Pulmonary artery pressure is an adjunct 
which is necessary in addition to CVP in 
a selected group of patients (Table 2). In 
this group we have found, early in the 
course of the problem, that CVP does not 
reflect total cardiac competence because 
there is unequal action and efficiency in the 
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TABLE 3. Complications of PAP 


1. Knotted catheter i 
2. Local infection 4 
3. Balloon rupture 2 
4, Cardiac perforation 1 
5. Arrythmia 4 
6. Hematoma 2 
14* 


* 12% Complication rate. 


Listed complications of pulmonary artery insertion. 


Note that all but a few are minor in nature. 


right and left ventricle. A large portion of 
this group of patients showed pulmonary 
capillary wedge pressures differing from 
CVP and early rising pulmonary end dias- 
tolic pressure before the rise of the CVP. 

Pulmonary artery pressure is measured 
by the technic described by Swan and co- 
workers.* We have catheterized 116 pateints 
of whom the most recent 64 have been 
catheterized by the flow-directed Swan- 
Ganz pulmonary artery catheter. The tech- 
nic of Swan et al. is effective and we have 
utilized a pressure monitor for the position 


TABLE 4. Type Patients Needing PAP 


je 


. Cardiac Pump Failure 
a, myocardial infarct 
b. congestive heart failure 


2. Major Trauma 
a. need to give large volumes rapidly 
b. burns 
c. massive abdominal tumor resection 


3. Progressive Pulmonary Insufficiency 

4. Major Fluid and Electrolyte Imbalance 
2. intestinal obstruction 
b. renal failure 
c. cirrhosis, ascites, portal hypertension 
d. dissecting aortic aneurysms 

5. Systemic Sepsis 

a. peritonitis 

b. septicemia 

Pulmonary Embolus 


. Pulmonary Fibrosis 


Et 





This outlines the type of patient with shock or major 
illness that needs pulmonary artery catheterization. 
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monitoring of the catheter. This can also be 
done by ECG monitoring (Table 5). Its 
placement is again checked by x-ray verifi- 
cation following insertion. We use a counter 
incision to insert the catheter through a 
needle tract previously made by a #12 
needle in the skin away from the site of 
venasection. Triple antibiotic ointment is 
applied to the catheter-cutaneous site and 
the cutdown incision. Catheter patency is 
maintained with a micro-infusion pump * 
or a dilute heparin drip. It cannot be used 
for administration of fluids because of the 
smal! diameter of its lumen. Complications 
such as rupture of the balloon, knotting of 
the cetheter, misplacement, cardiac arrhyth- 
mias, and thrombus formation have been 
encountered by various authors. In addition 
to this, perforation of the pulmonary artery 
and righ: ventricle have been reported by 
cathezerization technics of the right ven- 
tricle and central venous system. However, 
the morbidity and mortality of the technic 
must be weighed against the necessity for 
performing the procedure and the value of 
the information that is obtained in this 
fashion. These catheters have been left in 
place for a duration of 72 hours by us with- 
out difficulty. Others have left them longer.’ 
The advantages of the Swan-Ganz catheter 
are the ease of insertion, safety, and the 
ability to monitor multiple parameters with 
this method. The drawbacks of the technic 
are (J) the danger of injecting wide ranges 
of osriolar and different pH solutions into 
the central pulmonary system, .(2) the diffi- 
culty in determining measurements with 
hypoxemia and acidosis which cause pulmo- 
nary vasoconstriction, (3) eventual clotting 
of the catheter, possible valvular damage 
and thrombosis must be considered, and 
(4) there may be local infection at the 
entrarce site of the catheter but this has 
been »bviated by us to a great extent by 





? Chronfusor, United States Catheter, Inc., 
Glens Falls, N. Y. 
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the use of the counter incision. We have 
had a total of 14 complications of which 
one was serious. None of the complications 
led to the death of any patient (Table 3). 

It is necessary to resort to PAP on se- 
lected occasions because of the right and 
left ventricles which function in series as 
pumps. The output from both the right and 
left ventricles is not always the same. The 
variation in the functional state of the two 
ventricles and the output pressures with 
which they must contend signifies that the 
ventricular outputs must be balanced by 
changing either the force and velocity rela- 
tionships which reflect myocardial contrac- 
tility or by the Starling mechanism which 
relates to the energy of contraction and the 
length of muscle fibers. Normally right and 
left ventricular function curves are similar 
in shape and small changes in the filling 
pressure can produce large increments in 
stroke work. In the absence of valvular 
heart disease, atrial pressure and stroke 
work of each ventricle is consistent in its 
relationship. However, the right atrial pres- 
sure and the left ventricular stroke work 
are not always equal. Significant alterations 
in the circulatory state cause differences in 
the ventricular function curves in the two 
areas. Central venous pressure monitoring 
only reflects right ventricular function and 
left atrial pressure or its reflected PCWP 
must be used to assess left ventricular func- 
tion. It is because of this that the diastolic 
pulmonary artery pressure or PCWP are 
necessary to clinically assess the left ven- 
tricular function. 

The advantage of this catheter is the 
mean pulmonary artery pressure which 
may be recorded as well as end diastolic 
pulmonary artery pressure. This correlates 
better with the status of the left ventricu- 
Jar function than does CVP. In our series 
the most accurate correlation between ven- 
tricular function and fluid need was that of 
pulmonary capillary wedge pressure (Table 
2). When pulmonary capillary wedge pres- 


TABLE 5. Methods of Detecting Position 


1. EKG Method 


a. attach 3 leads and precordial leads to saline filled 
catheter 
b. peripheral EKG goes to large P waves in atrium 
c. Right ventricular complexes in ventricle 
d. Normal EKG in pulmonary artery 
2. Pressure Method 


a. higher peripheral pressure 

b. lower toward atrium 

c. higher and pulsatile in ventricle 

d. lower pulse wave form in pulmonary artery 


The two ways to monitor catheter position during 
placement are outlined. X-ray verification of position is 
necessary following insertion. 


sure is greater than 16 to 18 cm. of water it 
is good evidence of left ventricular failure, 
in our experience. This often has preceded 
right ventricular failure by 30 to 60 min- 
utes. Another advantage of the Swan-Ganz 
catheter is that it bypasses any intrinsic 
right ventricular disease and gives a direct 
measurement of the left ventricle's need for 
further volume. Mixed venous blood, analy- 
sis for pH and Po, are also good for early 
prediction of progressive pulmonary insuffi- 
ciency. The decrease in the two parame- 
ters early in the presence of catastrophic 
illness correlates with the onset of progres- 
sive pulmonary insufficiency. However, this 
is less useful when the disease progresses 
and increased pulmonary vascular resist- 
ance secondary to acidosis and hypoxemia 
is a factor causing pulmonary artery pres- 
sure to increase. Finally, pulmonary angio- 
grams may be performed through this 
catheter and selective right and left pul. 
monary angiograms may be helpful in de- 
ciding whether or not a major pulmonary 
embolus has occurred. A special #7 French 
catheter is now made for this purpose. 

The criteria for use of the catheter is the 
magnitude of the procedure and the limited 
time period in which it may be inserted 
(Table 4). The possibility of potential lo- 
cal and systemic infection are important 
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considerations. The small lumen of the 
catheter damps the pressure which is ob- 
tained and it has been suggested by some 
authors that electronic determination may 
be superior to manometric determination. 
The small lumen of the catheter also pre- 
cludes the use of this portal for fluid ad- 
ministration. The necessity for a venesec- 
tion, the problem of arrhythmias and val- 
vular damage are also considerations in 
utilizing this technic. 

This catheter has been used by us mainly 
as a pressure monitor and for the obtaining 
of mixed venous gases. It is much more 
sensitive than the central venous pressure 
monitoring, but it is only indicated in criti- 
cally ill patients. X-ray confirmation should 
be obtained after the catheter has been in- 
serted and the operator is content with its 
placement based on pressure or ECG read- 
ings (Fig. 4, Table 5). If the pulmonary 
artery pressure increases and central venous 
pressure remains normal, isolated or pure 
left-sided failure has been the cause in our 
series. 

To summarize, the pulmonary artery can 
indicate earlier if an excessive fluid load is 
present by an increase in pulmonary capil- 
lary wedge pressure. The right heart in the 
meantime may compensate for this in- 
creased load and reflect only a normal cen- 
tra] venous pressure. When dynamic equi- 
librium is obatined and the right ventricle 
works at top capacity the central venous 
pressure will remain low. However, after a 
short period a decrease in efficiency occurs, 
right ventricular failure ensues and the cen- 
tral venous pressure then elevates. À rising 
pulmonary artery end diastolic pressure or 
pulmonary capillary wedge pressure is a 
clue to early reduction of fluid administra- 
tion and the fact that early hypervolemia 
may be present. 


Summary 


The central venous catheter should be 
used in any situation which requires moni- 
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toring and fluid administration. It must be 
remeribered that accurate readings assume 
equal ventricular functional efficiency and 
constant site of measurement. The supra- 
clavicalar technic is the best approach and 
is associated with the fewest problems in 
experienced hands. It can be left in place 
almost indefinitely with the smallest hazard 
of sepsis. | 

If the ventricles are suspected of mal- 
function or the indications stated in Table 4 
are present, a PA catheter is used. This 
should be used in any patient in shock or 
with major surgical trauma, either spon- 
taneous or iatrogenic. This provides mean 
PAP, end diastolic PAP, pulmonary capil- 
lary wedge pressures, central venous blood 
for Pc, and pH as well as potential for pul- 
monary angiography. Pulmonary edema is 
rare with pulmonary capillary wedge pres- 
sures less than 15 mm Hg. 

Botk procedures have morbidity and po- 
tential mortality and as in major diagnostic 
modality, their use must be guided by the 
operators ability and experience. In addi- 
tion tte potential benefits of the measure 
must ke weighed against the inherent po- 
tential hazards associated with it. We be- 
lieve the CVP and PAP alone and in com- 
bination can be extremely beneficial in the 
management of critically or chronically ill 
patients. 
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DISCUSSION 


Dr. Curtis Price Artz (Charleston): We all 
depend upon central venous pressure as a means 
of insurance that we are not overloading the 
heart. It is a relatively simple technic in most 
hands. 

There may be two areas of difficulty in central 
venous pressure monitoring. First, unless one 
checks the extent to which the central venous 
catheter goes down the vena cava, it might go 
into the right side of the heart and erode the 
wall of the auricle. This will lead to cardiac 
tamponade and death. 

Second, in our institution the residents are not 
taught to do subclavicular or supraclavicular sticks. 
We have tried it, but our complication rate has 
been too high for something so simple as an 
intravenous infusion. 

Maybe after you have done ei: you are 
adept and probably can perform a supraclavicular 
stick without complication. But to teach the resi- 
dent who is going out into the average hospital 
and will do these procedures only occasionally 
seems wrong. I feel it is wise to teach a safe 
technic, which is to go into the antecubital fossa. 

As far as pulmonary artery pressure is con- 
cerned, I think we will begin using these in our 
intensive care unit, and I can see how this will 
be of tremendous value. 


Dr. PauL M. James, Jr. (Closing): I would 
like to say that the complications we have encoun- 
tered are the subject of another entire paper. I do 
want to emphasize, though, that on peripheral 
CVP's there are equally as many complications, 
although I heartily agree that in unpracticed hands 
this is probably a safer technic. 


7. Wilson, R. F., Sarver, E. and Birks, R.: Central 
Venous Pressure and Blood Volume Determi- 
nations in Clinical Shock. Surg., Gynecol. 
Obstet, 132:631, 1971. 

8. Yoffa, D.: Supraclavicular Subclavian Vena- 
a and Catheterization. Lancet, 2:614, 
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In closing, I would just like to emphasize several 
things. First of all, the supraclavicular technic has 
has been safer than the subclavicular technic in 
our hands, primarily because of the decrease in 
the number of pneumothoraces. One way to get 
practice at this in a rather inexpensive manner to 
the patient is to look at the supraclavicular fossa 
during a supraclavicular node biopsy or a scalene 
node biopsy. 

The second thing would be to look at the 
cadavers in the anatomy lab and see how the 
vessels are located there which is a big help in 
seeing just how this vessel lies. By aiming at the 
confluence, we have been able to relatively limit 
the number of complications, and we have had 
over 50 people involved in doing the procedure 
at this point. 

I would like to emphasize that the pulmonary 
artery pressure, as D. Myers said, is determined 
in critically ill patients, in the massively injured 
and in patients who have been in shock. This is 
based on the fact that biventricular, equal func- 
tion of the ventricles is not necessarily true in 
these patients, and therefore it is necessary to 
know what the right heart and the left heart is 
doing, to keep from getting burned. 

Finally, in order to realize your own mistakes 
and to prevent accumulating a large series of 
complications, a periodic inventory of your per- 
formance is critically important in evaluating 
this effort. I agree heartily again with Dr. Artz 
that we should not be sending people out who do 
not know how to do this procedure. We have 
tried to describe the technic exactly in the paper, 
but beyond this I would say that you should 
see it done first hand before you attempt it. 


Synergistic Necrotizing Cellulitis 


H. Hanan Stone, M.D. J. D. Marri, Jr, M.D. 
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UNkEQUIVOCAL infection due to a synergism 
between aerobic and anaerobic bacteria was 
first clearly documented in 1926. In this 
initial report, Brewer and Meleney pre- 
sented clinical and bacteriologic evidence 
of symbiotic growth and augmented in- 
vasiveness of an anaerobic Streptococcus in 
combination with hemolytic Staphylococcus 
aureus. À similar case lacking adequate cul- 
ture data had been described by Cullen 2 
years previously? Many additional cases 
have since been reported,^* with all in- 
vestigators stressing the fact that this infec- 
tion is caused by a synergism between the 
two distinct bacterial species with greatly 
different oxygen requirements, that the clin- 
ical course is relentless and progressive, and 
that skin and subcutaneous tissues are pri- 
marily and often exclusively involved. Gan- 
grene of muscle and fascia develop sec- 
ondarily and occur only after overlying skin 
and subcutaneous tissue have either been 
destroyed by infection or removed through 
debridement. 

In addition to cases of so-called Meleney's 


cellulitis as mentioned above," 568 pure 


Streptococcal gangrene,’ and classical gas 
gangrene due to one of the Clostridia,* ex- 
tensive tissue necrosis has also been noted 
to follow symbiotic infection due to anaero- 
bic Streptococci with one or more of the 
various gram-negative rods as an aerobic 
partner.^* Although many of the latter in- 
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fections may be associated with the pres- 
ence of Bacteroides, the exact role of this 
third microbial component is uncertain, In 
contrast to other infections caused at least 
in part by Streptococci, synergistic necrotiz- 
ing cellulitis is more similar to gas gan- 
grene; for there is widespread involvement 
of the deeper tissues.*:? Necrosis of muscle 
and fascia is the rule, while gangrenous 
changes in skin and subcutaneous fat are 
the direzt consequence of a more extensive 
infectious process beneath. 


Case Material 


During the 13-year period from January 
1, 1958 :hrough December 31, 1970, 63 pa- 
tients w-th synergistic necrotizing infections 
of deep fascial planes and enveloped mus- 
cles were treated on the surgical service at 
Grady Memorial Hospital. The race dis- 
tribution was similar to the general patient 
population (15 white, 48 negro). There 
were 2€ men and 37 women; while ages 
ranged from 18 to 90 years, the average 
being 54, 


Clinical Presentation 


Most of the patients were first referred 
to the surgical service because of small skin 
ulcers that drained thin, reddish-brown, 
foul-smelling fluid (Fig. 1). Such a dis- 
charge was usually referred to as “dish- 
water” pus. Surrounding these draining 
wounds were variable amounts of skin ne- 
crosis, though rarely was superficial gan- 
grene very extensive. Almost a fourth of the 
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patients had gaseous emphysema of ad- 
jacent tissues. Exquisite local tenderness in 
the absence of any obviously serious infec- 
tion was characteristic. Bounding arterial 


pulses distal to the site of infection tended 


to eliminate the possibility of occlusive vas- 
cular disease as the cause of such gan- 
grenous changes. 

All patients exhibited a generalized toxic- 
ity, despite the fact that not all were febrile. 
Oral temperatures on admission to the hos- 
pital were usually in the range of 100 to 
102° F. Other than a septic appearance and 
the obvious local infection, additional phys- 
ical findings were primarily related to asso- 
ciated disease processes. 

The majority of the infections were lo- 
cated within the immediate vicinity of the 
perineum (Fig. 2). Perirectal abscess was 
the initial presentation in 24 patients, while 
five others were found to have deep infec- 
tions involving the gluteal musculature. ‘Two 
patients had a periurethral abscess, and an- 
other two presented with extensive pelvic 
cellulitis. The lower extremity was the next 
most frequently involved site. Infection usu- 
ally arose in the adductor compartment of 
the thigh, although dissection from the 
pelvis above or an amputation stump below 
was often considered to be a possibility. 
Several infections developed in the foot and 
leg following conservative amputations for 
diabetic gangrene. Other areas of involve- 
ment included the proximal arm and deep 
fascial planes of the neck. 


Symptoms and findings had been present 


in many of the patients for as long as 2 
weeks; a few had even been treated as out- 


patients with antibiotic agents and drainage- 


of the area in question. All too often the 
true reason for eventual hospital admission 
was a failure to control derangements in 
associated disease states. 


Associated Conditions 


Approximately three fourths of the pa- 
tients, that is 47 of the 63, had diabetes 


SYNERGISTIC NECROTIZING CELLULITIS 
CLINICAL FINDINGS 


SSSNSSIDNSENCEENSSSSSSSSSSSSSSSSSNSSSSNNNNNNN 
NSOMSINCSOENNSSSSSSSSSSSSSSSSSSSSSNNNNNNNNNS 
BR WM AO OO 
SUERTE REREAD 

RRR NEMESIS 

NemodhSnBasROuS Emphysema (16) 


lO 20 30 40 50 60 7 80 90 100 
INCIDENCE (%) 


Fic. 1. Clinical features at initial presentation. 


mellitus (Fig. 3). In eight, the diagnosis of 
diabetes had not been previously consid- 
ered, while more than half of the remaining 
diabetic patients had been managed on diet 
alone prior to the onset of infection. Only 
six patients had required insulin. Neverthe- 
less, most of the diabetics were in keto- 
acidosis on admission to the hospital. 
Slightly more than half of the patients 
had some combination of cardiovascular 
and/or renal disease. Such appeared to be 
more a reflection of their age and diabetes 
rather than any specific predisposition 
toward the development of a synergistic in- 
fection. However, a significant impairment 
in renal function, particularly as noted in 
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Fic. 2. Origin of infection. 
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Fic, 3. Common associated diseases. 


diabetics with Kimmelstiel-Wilson syn- 
drome, made the infection less likely to 
respond to any form of treatment. 


TABLE 1. Synergistic Necrotizing Cellulitis 
Laboratory Data 


Incidence 
No. (%) 
Hematocrit—mm. 
More than 40 13 21 
30 to 40 24 38 
Less than 30 25 40 
Unknown 1 2 
Leukocytosis—/mm.? 
Less than 15,000 22 35 
15,000 to 25,000 15 24 
More than 25,000 21 33 
Unknown 5 8 
Uremia (BUN)—mg./100 ml. 
Less than 30 14 22 
30 to 50 4 6 
51 to 100 28 44. 
More than 100 16 25 
Unknown 1 2 
Blood sugar—mg./100 ml. 
Less than 100 3 5 
100 to 150 24 38 
151 to 300 16 25 
More than 300 16 25 
Unknown 4 6 
Acidosis (CO:)—mEq./1. 
More than 20 21 33 
10 to 20 22 35 
Less than 20 16 25 


Unknown 4 6 
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Another important consideration was the 
patients nutritional state. Marked obesity 
was noted in 41, while 13 patients demon- 
strated a significant amount of wasting. 
Other associated diseases included prior 
amputation for occlusive vascular disease, 
alcoholism, previous episodes of perirectal 
abscess, and urethral stricture. Clinical tet- 
anus, treated by extremity amputation, pre- 
cede the development of synergistic cel- 
lulitis in two patients. 


Laboratory Data 


A mild anemia was often present (Table 
1). The white blood cell count was elevated 
in almost all patients, although counts were 
less than 15,000/mm*. in more than a third 
of cases. 

Roatire blood chemistries were of con- 
siderable help in assessing and managing 
the associated impairments in renal func- 
tion end the frequently accompanying dia- 
betic keto-acidosis. Uremia was present in 
the majcrity of cases, and any significant 
reduction in renal function proved to have 
an adverse effect on the eventual survival. 

Diabetes mellitus was noted in almost 
two thirds of the patients, and keto-acidosis 
developed in all of them. More fulminant 
infectons evoked a severe acidosis and oc- 
curred principally in patients with diabetes 
having large insulin requirements. 


TABLE 2. Synergistic Necrotizing Cellulitis 
Aerobic Cultures of Wound 


Incidence 
No. (%) 
Klebsiella-aerobacter 27 43 
Proteus 26 41 
E. zoli 21 33 
Pseudomonas 10 16 
Other gram-negative 14 22 
No gram-negative 1 2 
Mixed gram-negatives 39 62 
Enzerococcus 15 19 
No culture 6 10 
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Bacteriology 


Aerobic cultures of the wound consist- 
ently grew various gram-negative species, 
particularly Klebsiella-Aerobacter, Proteus, 
and Escherichia coli (Table 2). In only one 
case was there a failure to isolate one of the 
gram-negative rods. A mixture of such mi- 
crobes was obtained from more than half 
of the infections. Unfortunately, either the 
culture was lost or no culture was taken 
from the wound of six of the patients. 

An anaerobic culture of the wound pro- 
duced growths of Streptococcus in 32 pa- 
tients and Bacteroides in 15 (Table 3). Four 
patients had wounds containing both of 
these anaerobes. Because of a failure to 
suspect the presence of anaerobes, appro- 
priate cultures were not even obtained in 
six others. Nevertheless, these 12 patients 
have been included in the review, for ex- 
amination of the fluid draining from their 
wounds confirmed a definite mixture of 
gram-positive cocci and gram-negative rods. 
In addition, the clinical course of each of 
the patients was sufficiently typical to war- 
rant their inclusion in a retrospective study. 

Blood cultures were positive for one of 
the gram-negative rods in more than a third 
of the cases (Table 4). An anaerobe could 
be isolated from the blood in 19%, repre- 
senting four patients with Streptococcus 
and eight others with Bacteroides. Mixed 
growths of bacteria were obtained from the 
blood in six patients, and in each instance a 
Bacteroides was one of the species isolated. 


TABLE 3. Synergistic Necrotizing Cellulitis 
Anaerobic Cultures of Wound] 


Incidence 
No. (%) 
Streptococcus 32 51 
Bacteroides 15 24 
Both anaerobes 4 6 
No growth 6 10 
Noculture 6 10 


TABLE 4. Synergistic Necrotizing Cellulitis 


Blood Cultures 
Incidence 
No, (%) 
Gram-negative 23 37 
Anaerobic streptococcus 4 6 
Bacteroides 8 13 
Mixed 6 10 
No growth 32 51 
No culture 8 13 
Treatment 


Forty-one patients had undergone inci- 
sion with drainage as outpatients, and 34 
had been given antibiotics. Nine patients 
received a broad-spectrum antibiotic alone, 
while one other had merely been directed 
to apply warm compresses. It was specifi- 
cally because such measures gave no im- 
provement that these patients returned to 
the emergency clinic or were re-evaluated 
by the surgical service. 

Survival of the patient was determined in 
part by the type of definitive treatment 
given (Fig. 4). No patient lived after mere 
incision and drainage, with or without anti- 
biotic treatment. Antibiotic agents alone 
likewise met with failure. Conservative de- 
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Fic, 4. Methods of definitive treatment. 
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SYNERGISTIC NECROTIZING CELLULITIS 
Site of Infection and Mortality Rate 
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Fic, 5. Survival according to site of origin of the 
original infection. 


bridement of the wound and massive doses 
of systemic antibiotics permitted survival 
of only four patients of the 18 thus treated. 
However, antibiotics with radical debride- 
ment, that is, excision of all necrotic and 
obviously infected tissue, was successful in 
almost half of the patients so managed. 

Amputation, whenever feasible, offered 
the easiest and most complete method of 
debridement. Such was best accomplished 
by disarticulation at the joint immediately 
proximal to the infected extremity segment. 
Since necrosis often extended beyond the 
muscular compartment of origin, removal 
of all infected tissue could be accomplished 
only when infection was confined to that 
extremity. If both the perineum and pelvis 
were involved, however, it was almost im- 
possible to gain a complete excision. Ac- 
cordingly, these patients required additional 
visits to the operating room for repeated 
and often daily sessions at debridement 
under general anesthesia. 

The topical application of antibiotic was 
of considerable help in controlling the local 
wound flora. Bubbling oxygen through 
catheters into the wound appeared to be of 
some benefit, though irrigations with hydro- 
gen peroxide seemed to cause more patient 
discomfort and demand more frequent 
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dressing changes than any definite improve- 
ment could justify. 


Results 


The overall mortality. rate was 76%; as 
only 15 of the 63 patients eventually sur- 
vived (Fig. 4). An early death, that is 
within the first week following admission to 
the hospital, occurred in 30 instances. Eigh- 
teen other patients subsequently died be- 
cause of complications related to associated 
diseases or because of recurrence of the 
synergistic infection in more proximal as- 
pects of taeir wound. All survivors had con- 
siderable residual morbidity and generally 
a prolonged hospital course. 

The high mortality rate appeared to be 
based on several factors. Patients with se- 
vere renal disease almost never survived, 
and diabetes mellitus significantly worsened 
the prognosis. The mortality for the diabetic 
was 85%, as compared to 44% for the non- 
diabetic. The presence of other associated 
conditions played less important roles in de- 
termining the eventual outcome in the indi- 
vidual case. 

Probably the most decisive influence on 
survival was the area of involvement (Fig. 
5). Whenever the infection developed 
within an extremity, radical debridement 
by either amputation or disarticulation was 
usually practical. Accordingly, the mortality 
rate was significantly lower in such cases 
than it was for those patients with more 
centrally located infections. For example, 
all patients with deep infections of the 
pelvis and neck died. There were only two 
survivors of the 24 patients with extension 
from a perirectal origin; yet gangrenous in- 
fections just outside the pelvis, i.e., the but- 
tock, were conducive to more complete de- 
bridement and therefore had a lower mor- 
tality rate. 

Other major considerations were the ex- 
tent and duration of the necrotizing process, 
Whenever infection was confined primarily 
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to a single muscle compartment, chances 
for survival were significantly improved. 
However, if the infection had been present 
for more than a week, spread both above 
and below usually precluded any hope of 
complete debridement. As expected, essen- 
tially all such patients died. 


Discussion 


Synergistic necrotizing cellulitis is caused 
by a symbiosis between one or more species 
of gram-negative, aerobic bacteria (Kleb- 
siella-Aerobacter, Proteus mirablis, or Esche- 
richia coli) and an absolute, or at least a 
facultative, anaerobe (anaerobic Streptococ- 
cus and/or Bacteroides). If only one anaero- 
bic microbe can be isolated from the in- 
fected wound or draining fluid, it is usually 
the microaerophilic Streptococcus. Whether 
the anaerobic Streptococcus and a species 
of Bacteroides need both be present for the 
development of this fulminant infection is 
uncertain, as anaerobic cultures have not 
always been taken and, when obtained, fre- 
quently have not been expeditiously or care- 
fully processed. In any event, for such ex- 
tensive and rapid muscle necrosis to occur 
in the absence of comparable cutaneous 
changes or major vascular embarrassment, 
the combination of these two bacterial com- 
ponents—an aerobe and an anaerobe—ap- 
pears to be essential. 

The frequency of the various gram-nega- 
tive rods that have been isolated from these 
wounds is evenly distributed between Kleb- 
siella-Aerobacter, Proteus mirablis, and 
Escherichia coli. Nevertheless, a mixture of 
these in the aerobic flora is common. Gase- 
ous emphysema of the wound and its sur- 
rounding tissues favors the presence of 
Klebsiella-Aerobacter. Ynfection with Pseu- 
domonas aeruginosa is usually associated 
with more obvious and wide-spread necro- 
sis of skin and subcutaneous fat than would 
be the case otherwise. 


Differentiation from Gas Gangrene 


Such a necrotizing synergism must be 
differentiated from infection due to Clos- 
tridium welchii or one of its related gram- 
positive rods. Gas gangrene has a dramatic 
and sudden onset, is more rapid in progres- 
sion, and has an easily recognizable portal 
of entry. There is also extensive skin and 
subcutaneous involvement, as demonstrated 
by bluish-purple discoloration of the skin, 
hemorrhagic blebs elevating the epidermis 
and in the subdermal fat, the diffuse gaseous 
emphysema. Pain in the area of infection is 
intense, and there is a characteristic odor 
to the patient's wound as well as to his im- 
mediate environment, Finally, no predilec- 
ton exists for the middle-aged or elderly 
individual with diabetes, severe renal im- 
pairment, obesity, or malnutrition. 


Differentiation from Streptococcal Gan- 
grene 


Streptococcal gangrene is almost as ful- 
minant as is gas gangrene. High fever, 
jaundice, and irrational behavior likewise 
mimic infection due to one of the Clos- 
tridio. In addition to hemorrhagic blebs in 
the skin and marked edema, however, there 
is obvious erythema with heat and no gase- 
ous crepitation. Both skin and deeper tis- 
sues seem to be equally involved by the 
infection, and any draining fluid tends to 
be purulent. 


Differentiation from Meleney's Cellulitis 


Although Meleney’s cellulitis is also 
caused by a bacterial synergism, in this case 
the responsible microbes are an anaerobic 
Streptococcus and hemolytic Staphylococ- 
cus aureus. In contrast to symbiotic infec- 
tions with one of the gram-negative rods as 
a partner, this gram-positive synergism is a 
much more indolent process. It primarily in- 
volves the skin and subcutaneous tissues, 
with subsequent necrosis of the deep en- 
veloping fascia only as a late development. 
Rarely is there destruction of the muscle 
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beneath. As a general rule, Meleney’s cel- 
lulitis readily responds to more conservative 
debridement and the systemic administra- 
tion of specific antibiotics. 


Differentiation from Necrotizing Fasciitis 


Necrotizing fasciitis is somewhat of a 
misnomer in that there is extensive involve- 
ment of the skin and subcutaneous fat, with 


only secondary destruction of the deep en-. 


veloping fascia.” * * Rarely are muscle com- 
partments invaded. The process is not as 
rapidly progressive as is the case with gas 
gangrene, Streptococcal cellulitis, or true 
necrotizing cellulitis. As a general rule, 
aerobic bacteria in various combinations 
form the principal wound flora; anaerobes 
do not appear to have an important func- 
tion in this type of infection, 


Bacteriologic Diagnosis 


Once the presence of synergistic necrotiz- 
ing cellulitis is suspected, bacteriologic con- 
firmation of the diagnosis must be sought 
energetically. Initially this consists of micro- 
scopic examination of the characteristic 
fluid draining from the wound. In addition 
to leukocytes and necrotic debris, almost 
all smears will contain easily recognizable 
^ gram-positive cocci and gram-negative rods. 
If only gram-positive cocci are noted, then 
Meleney’s cellulitis is more likely the case. 
However, the presence of gram-positive 
rods indicates that gas gangrene is a real 
possibility, often in combination with a 
mixed bacterial flora. 

The diagnosis can be made with absolute 
certainty only through culture of the wound 
and its draining fluid by both aerobic and 
anaerobic methods. Cultures of the blood 
should also be drawn. It is of utmost im- 
portance that the specimen for anaerobic 
growth be streaked on a culture plate as 
well as inoculated into an appropriate broth 
without delay and then placed almost im- 
mediately in an oxygen-free environment. It 
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cannot be over stressed that bacteriologic 
confirmation is absolutely dependent upon 
the expeditious and careful handling of the 
infected sample to be studied. 


Treatment 


Once the clinical diagnosis of synergistic 
necrotizing cellulitis has been supported by 
a positive smear of the draining fluid, only 
energetic measures will offer any hope of 
patient survival. Initial treatment must in- 
clude the rapid repletion of fluid, electro- 
lyte, and red cell mass deficits. Continuous 
measurements of the central venous pres- 
sure are extremely valuable in monitoring 
the patient’s response to the infusion of 
large volumes of fluid during a brief period 
of time in an often elderly individual with 
major associated diseases. The establish- 
ment of an adequate urine output, the cor- 
rection of acidosis as indicated by blood 
gas and pH determinations, and the reversal 
of diabetic ketosis and hyperglycemia are 
mandatory and are achieved by the addi- 
tion of appropriate amounts of sodium bi- 
carbonate and regular insulin to the intra- 
venous solutions used for fluid resuscitation. 
Whenever these derangements have been 
at least temporarily corrected, radical sur- 
gical debridement must be carried out; the 
patient at no subsequent time will ever be 
in any better condition to tolerate the major ` 
operation required. Further delay merely - 
worsens the risk of operation. 

Local treatment of the infection must in- 
clude as complete an excision of all infected 
tissue as is possible. The only valid contra- 
indications to: more extensive debridement 
are the limitations imposed by intervening 
vital organs or body cavities to be main- 
tained inviolate. Actual entry into the peri- 
toneal cav:ty is warranted only for the per- 
formance of a diverting colostomy in cases 
with wide-spread pelvic involvement. Ade- 
quate debridement of the pelvis and thigh 
may even demand a hemipelvectomy, al- 
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though hip disarticulation is the more fre- 
quently selected procedure. Needless to say, 
all necrotic, infected muscle and the fascial 
planes enveloping its anatomical compart- 
ment must be removed. Accordingly, dis- 
articulation is usually chosen in an effort 


to shorten the operative time, to lessen the 


magnitude of the resultant wound, and to 


eliminate problems with a then ischemic 


and functionless distal extremity. 

The wound is always dressed open. Oxy- 
gen catheters are placed in its depths, and 
then antibiotic cream (Neosporin or Gara- 
mycin) is spread in generous amounts over 
the fresh raw surfaces. Loose dry dressings 
are placed on top so as to provide both bulk 


.and gentle pressure. Strict isolation pro- 


cedures are’ always practiced. When the 
patient has returned to his room, the in- 
stalled catheters are connected to a source 
of humidified oxygen running at 1 to 2 liters 


per minute. It is most important that the 


oxygen be bubbled through sterile water, 
for otherwise the wound will become se- 
verely dehydrated because of the extraction 
of tissue water by the constant flow of a 
dry gas. 

Since debridement is seldom as complete 
as would be desired and since small foci of 
persisting infection often lead to localized 
areas from which further progression can 
ensue, the dressing should be changed at 
daily or every other day intervals in the 
operating room with the patient under 
either deep sedation or general anesthesia. 
Additional amounts of tissue are excised as 


- necessary, and the wound is then redressed 


as before. After two consecutive dressing 


changes without evidence of recurrent in- . 


vasion of the infective process, the dress- 
ing can then be changed on the ward with 
sedation alone. : 


Antibiotics are second in importance only 
to radical debridement. As mentioned 
above, topical antibacterials are applied 
with each dressing change. However, sys- 
temic antibiotics are always necessary. The 
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bacterial spectrum must extend from the 
gram-negative rods, including Pseudomonas 
aeruginosa, through the anaerobic Strepto- 
cocci and Bacteroides. In addition, an error 
in the clinical diagnosis may have obscured 
the presence of true gas gangrene. No single 
antibiotic will give the necessary bacterial 
coverage. Personal preference has been for 
the combination of a cephalosporine ( Keflin 
for the Streptococci at.8 to 12 Gm. per day), 
chloramphenicol for the Bacteroides (at 2 
to 4 Gm. per day), and gentamycin sulfate 
(Garamycin at 3 mg./Kg./day) to combat 
the gram-negative bacteria. These agents 
are begun preoperatively by placing them 
in the intravenous fluids and are continued 
until all evidence of systemic sepsis has been 
eradicated and the threat of local recur- 
rence is no longer a problem. ' 


Summary 


Synergistic necrotizing cellulitis has been 
a heretofore seldom-recognized virulent in- 
fection that is caused by the symbiotic ac- 
tion of an aerobic gram-negative rod in 
combination with an anaerobic Strepto- 
coccus. One of the Bacteroides group of 
anaerobes is often present as well, especially 
once septicemia has developed. 

‘The infection carries a high mortality and 
must be differentiated from gas gangrene 
and true Meleney's cellulitis. There is a pred- 
ilection for middle-aged and elderly indi- 
viduals who have diabetes, renal disease, 
and either obesity or malnutrition. Charac- 
teristically, the infectious process causes ex- 
tensive necrosis of entire muscle compart- 
ments with little damage to the overlying 
skin and subcutaneous tissues. Microscopic 
examination of the dishwater-appearing lo- 
cal exudate is diagnostic when both gram- 
positive cocci and gram-negative rods can 
be identified. 

Treatment must be energetic. After cor- 
rection of fluid and electrolyte deficits and 
reversal of the diabetic keto-acidosis, radical 
debridement must be performed. The ad- 
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ministration of topical and systemic anti- 
biotics is equally important. 

During a 13-year period, 63 such infec- 
tions were encountered on the Surgical 
Service at Grady Memorial Hospital. The 
48 resultant deaths produced a 76% mor- 
tality rate. 
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A radical debridement was done, in which 
several pounds of necrotic muscle, skin, and sub- 
cutaneous tissue were removed such as Dr. Stone 
showed us. Neither amputation nor quarterectomy 
would have sufficed, because of the extent of the 
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However, because of renal failure marked azo- 
temia and hyperkalemia developed. Peritoneal dial- 
ysis decrezsed the BUN and potassium levels, and 
about the time she appeared to be recovering, a 
massiv2 hemorrhage from the small intestine oc- 
curred. and she died, 

Autopsy showed the hemorrage was due to 
mucosal necrosis of the small intestine, probably 
secondary to the azotemia. 

We do better with Meleney’s, however. About 
2 weeks ago, a friend from Mississippi called about 
a patient with Meleney’s of the abdominal wall 
following a hysterectomy they had been working 
with for several days. l 

[Slice] I do not know whether you can see 
it as well as I, but this is a typical Meleney’s bac- 
terial synergistic gangrene, with necrosis in the 
center, a blue zone of ecchymosis and undermin- 
ing, with gangrene in this area, and then a halo 
of erythema about this. 

Tne »atients temperature was 104°, pulse 
160, ske was extremely toxic. She had been treated 
with penicillin, Vibramycin and Chloromycetin. 
At the previous hospital and subsequently at ours 
cultures of the pus, tissue and blood were negative, 
as were smears. 

We thought it was a Meleney’s, though, and did 
an immediate debridement. Massive penicillin 
therapy coupled with Garamycin was instituted. 
The problem was, though: How much to debride? 

Meleney in 1933 said that one should debride 
beyonc the area of erythema. We were reluctant 
to go Dut quite that far. We excised the necrotic 
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and blue zones but stopped short of the erythe- 
matous zone. Perhaps we should have gone out 
into the absolutely normal tissue, but we were 
afraid it might set off an even more fulminant 
streptococcic infection. 

At any rate, we debrided at this level, but had 
to do several more debridements before con- 
trolling the infection. 

[Slide] This shows the extent of the final de- 
bridement—the entire lower abdomen to points 
beyond the anterior superior iliac spines laterally, 
the umbilicus above and the subinguinal regions 
below. This extended down to the fascia with only 
the skin and subcutaneous tissue being involved. 

[Slide] After the acute phase and complete 
debridement it is very much like a third degree 
bum, and we used porcine heterografts which 
are very nice. They are very comfortable for the 
patient. They stop fluid, electrolyte, and protein 
loss, stimulate granulation tissue, and are very sat- 
isfactory, preparatory to autografting. 

[Slide] This is the final grafting for which we 
used mesh skin grafts. This patient now is about 
10 days post graft, and is about ready to go home. 

In closing, I would like to reiterate Dr. Stone 
in the primary importance of radical debride- 
ment, and, secondary, wide spectrum antibiotic 
coverage. 


Dn. Iewm Berman (New York City): As Dr. 
Stone has suggested, one is frequently limited in 
the management of this problem by the anatomic 
location of the disease. I wish to present an 
especially interesting patient who was operated 
upon by my colleague, Dr. Louis Slattery, for 
massive necrotizing gas infection of the anterior 
abdominal wall. 

This 82-year-old man had chronic lung dis- 
ease, diabetes, and compensated congestive heart 


failure. Massive necrosis of the anterior abdominal : 


wall was diagnosed clinically several days after 
elective anterior resection had been performed for 
rectosigmoid carcinoma. At reoperation, which 
was immediate, extensive through and through re- 
section of the anterior abdominal wall was per- 
formed, including necrotic peritoneum. This resec- 
tion was extended back to viable, bleeding tissue. 


To bridge this massive defect, omentum was 
first placed across the wound and sutured circum- 
ferentially to its edges. [Slide] This slide graphic- 
ally demonstrates the procedure, including the 
placement of a layer of Marlex mesh over the 
bridging omental bed and fixation of the mesh to 
the external oblique aponeurosis. Ingrowth of 
granulation tissue was rapid in this patient, pre- 
sumably enhanced by the protrusion of omentum 
through the mesh interstices. 

In fact, by the ninth postoperative day [slide] 
the bed was suitable for mesh grafting. This slide 
demonstrates the healthy bed of granulation tissue 
which was evident only 9 days after resection of 
the anterior abdominal wall. 

The appearance of the wound in the next slide 
[slide] was 10 days after mesh skin graft was ap- 
plied to the granulating bed. The final slide illus- 
trates the wound after healing was complete. 

This patient was discharged about 2 months 
postoperatively, after having a transurethral resec- 
tion for prostatic hypertrophy. 


Dn. H. Hartan Srone (Closing): Dr. Miles’ 
second case demonstrated that day-to-day atten- 
tion to the defect created by radical debridement is 
most important. Certainly his first patient had a 
good chance for survival had not the patient been 
in renal failure. However, the most important thing 
of all is to attend to the wound itself. This usually 
requires frequent trips to the operating room, in 
which either anesthesia or outstandingly good 
analgesia will permit repeated and often extensive 
debridements. 

l appreciate Dr. Berman's comments. His case 
is most unusual. I know of no others that have 
been managed quite like it, that is in replacing 
parts of the abdominal wall in the face of such a 
severe infection. In was indeed a difficult problem, 
and I congratulate him on being able to salvage 
that patient. | 

I think, though, that his patient demonstrates the 
need for major rehabilitation in many of these 
individuals. Although control of the infection may 
be gained initially, rehabilitation of these individ- 
uals may require several months and multiple 
major operative procedures. 


Parenteral Hyperalimentation and Its Practical Applications 
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MAINTENANCE of the nutritional needs of 
the body without oral feeding has long pre- 
sented a problem. Since William Harvey's 
discovery in the l7th century of the sys- 
temic route of blood, curious investigators 
have tried to find an intravenous method to 
maintain nutrition. Following Elman's? in- 
fusion of protein hydrolysates to humans in 
1939, various solutions of fats, alcohols, 
sugars and other substances were adminis- 
tered in an attempt to provide safe, long- 
term total intravenous nutrition. Because of 
the toxicity and undesirable side-effects as- 
sociated with the varied admixtures and 
rapidly developing phlebitis and thrombo- 
sis of peripheral veins being used as the in- 
fusion route, these methods were discarded 
and it was assumed that adequate intra- 
venous nutrition was not possible. 

In 1968 Dudrick,* Rhoads et al.? at the 
University of Pennsylvania reported a safe 
and effective method for long-term intra- 
venous nutrition which they named paren- 
teral hyperalimentation. By infusing a con- 
centrated solution of dextrose, protein hy- 
drolysates, vitamins and minerals directly 
into the superior vena cava they were able 
to produce growth, weight gain and ana- 
bolic state in animals and humans com- 
pletely without oral intake. Their results 
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have since been confirmed in other univer- 
sity centers, in which extensive use of this 
valuable therapeutic adjunct in a wide 
variety of clinical problems has met with 
great success.? 19 

By use of this method up to 5,000 calories 
and 20 grams of nitrogen can be given 
daily,? with positive nitrogen balance and 
weight gain attainable even in the im- 
mediate postoperative period.** Reversal of 
starvation accelerates healing and permits 
better toleration of infection, drainage and 
other postoperative complications." Hyper- 
alimentation has markedly reduced gastro- 
intestinal secretion, which induces earlier 
fistula closure.* %18 Hyperalimentation is a 
valuable adjunct to the chemotherapy of 
cancer, often permitting therapy in patients 
who otherwise could not tolerate treatment 
because cf malnutrition. This nutritional 
method also lessens the toxicity of anti- 
cancer agents on the gastrointestinal tract.'? 

The availability of crystalline amino acid 
solutions has increased the useable nitrogen 
substrate per unit volume and virtually 
eliminated the allergic reactions which 
sometimes occur with protein hydrolysates. 
A solution of essential L-amino acids, soon 
to be commercially available, has shown 
promise in the treatment of acute renal 
failure. 

It is our impression that parenteral hy- 
peralimentation is not used to any great 
degree in community hospitals where 90% 
of this country’s patients are hospitalized. 
The purpose of the report is to emphasize 


Pas 
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TABLE 1. 

E aia A I a MAMMA itt —————M—————————————————— 
595 CPH in D5W 1,500 cc. Amino acid solution 8.5% 500 cc. 
DSOW 500 cc. D50W 500 cc. 
Sodium chloride 100 meq. Sodium chloride. 50 meq. 
Potassium chloride 80 meq. Potassium chloride 40 meq. 
Magnesium sulfate 8 meq. Magnesium sulfate 4 meq. 
Multivitamins 10 cc. Multivitamins 5 cc. 

that total intravenous nutrition is a rela- Results 


tively simple, safe and extremely valuable 
addition to the therapeutic repertoire of the 
physician regardless of where he practices. 
It is our hope that by reviewing our experi- 
ence we can persuade others in similar in- 
stitution to embark on analogous programs. 


Method 


Based on Dudricks method, experience 
with hyperalimentation at the Greenville 
General Hospital began in January 1969. 
At the outset all solutions were prepared by 
the surgical house staff but more recently 
they have been prepared by registered 
nurses at the floor or ward. The composi- 
tion of the solution we initially used con- 
tained protein hydrolysates and our current 
mixture of amino acids is seen in Table 1. 

In adults and infants over 10 pounds in- 
fusions were given via percutaneous infra- 
clavicular subclavian vein catheterization. 
In smaller infants the catheter is inserted 
into the superior vena cava via internal or 
external jugular cutdown; the cutdown site 
is closed after the catheter has been tun- 
neled under the scalp and brought out at 
a distant site. Strict aseptic technic is used 
at the insertion, with “resterilization” of the 
puncture site and change of all tubing and 
filters every third day. Adults are infused 
via gravity drip, infants by peristaltic pump 
through an in-line bacterial filter. To avoid 
contamination blood, plasma and medica- 


tions are given by a separate intravenous 
route. 


The primary indication for hyperalimen- 
tation in our Series was postoperative com- 
plication, although any condition with mal- 
nutrition or gastrointestinal dysfunction was 
considered for treatment. 

Thirteen infants ranging up to 3 months 
in age received nutritional therapy from 6 
to 77 days with an average of 20 days 
(Table 3). All survived and an average 
weight gain of 1,200 grams per child was 
recorded, Fifty-three adults and children 
ranging in age from 6 to 82 years received 
hyperalimentation from 2 to 52 days, with 
an average of 13 days (Table 4). Clinical 
improvement was apparent soon after ini- 
tiating treatment in most patients, and 
weight gain occurred in a majority of those 
receiving treatment for longer than 5 days. 


Case Reports 


Case 1. A 36-year-cld woman with systemic 
lupus erythematosus and a history of long-term 
steroid therapy was admitted for vaginal bleed- 
ing. During a D&C the uterus and a segment of 
small bowel was perforated, necessitating hysterec- 
tomy and repair of the bowel. Ten days after opera- 
tion it was necessary to reexplore the abdomen be- 
cause of septic pulmonary emboli; ligation of the 
interior vena cava, drainage of abdominal and 
subphrenic abscesses, repair of the disrupted small 
bowel closure and tracheostomy was necessary. 
Three days later bile-stained vaginal drainage be- 


TABLE 2. Complications 


Pneumothorax 
Subclavian vein thrombosis 2 
Hyperosmolar coma 


pe 
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TABLE 3. 
Period/ 
Parenteral 
Nutrition 
Case No. Initials Age/Sex Diagnosis (Days) Result 
Infants 

i ST. NBM Esophageal and duodenal atresia 26 Operation, recovery 

2 B.P. 17 day M Small bowel atresia 25 Operation, recovery 

$9. JJ. 3 wk. M Obstructive uropathy 6 . Operation, recovery 

4 W.O. NBF Ilial atresia with post-op. , 

anastomotic leak 10 Operation, recovery without 
re-operation 
5 MM NBM Tracheo-esophageal fistula 
with leak, recurrence 11 Recovery after re-operation 

6 B.S. NBF Gastroschisis and mid gut astresia 23 Recovery after operation 

7 EN. i mo. M Short bowel syndrome after vo.vulus 77 Recovery 

8 MK. 3 wk. F Enteropathy, malabsorption 14 Recovery 

9 EP. 3 mo. M Enteropathy, malabsorption 28 Recovery 
10 B.E. 3 wk. M Malabsorption, prolonged diarrhea 14 Recovery 
11 J.B. 1 wk. M Chronic diarrhea 11 Recovery 
12 B.S. NBM Gastroschisis 12 Recovery after operation 
13 A. C. 2 day F Jejunal atresia 7 Recovery after operation 


gan and by the seventh day exceeded 2,500 cc./ 
day. At this time parenteral hyperalimentation was 
begun and continued through a stormy course of 
52 days (Fig. 1). Drainage began to decrease by 
the 30th day of hyperalimentation and on the 48th 
day the patient was given low residue oral feedings 
without increase in fistula output. Fistula output 
on the 52nd day was less than 40 cc. at which 
point intravenous nutrition was discontinued. The 
patient has subsequently recovered completely from 
the complications of the operation. 

Case 2. An 18-year-old man had undergone 
operation at a suburban hospital for a gunshot 
wound of the liver (Fig. 2), He was later referred 
to our hospital for drainage of a subphrenic ab- 
scess and removal of a gangrenous gallbladder. 
The patient was sent home for convalescence but 
returned with a recurrent subphrenic abscess which 
was again drained. He did poorly after operation 
and was unable to receive oral feedings. Due to a 
combination of sepsis, starvation and operative 
trauma he weighed only 97 pounds from a pre- 
injury weight fo 165. He appeared moribund prior 
to hyperalimentation but by the fifth day of treat- 
ment he was able to tolerate oral liquids. By the 
19th day he could tolerate a regular diet and 
weighed 115 pounds at which point nutritional 
therapy was discontinued. He has since recovered 
completely. 


Complications have been few (Table 2) 
and no deaths could be attributed to this 
type of therapy. As our experience has 
grown and despite increased frequency of 
use, we have encountered no complications 
in over a year. As far as we can determine, 
catheter sepsis as commonly reported in the 
literature has not occurred in our series. 
The notable absence of this complication in 
our usage is a tribute to the meticulous care 
by our resident staff in the preparation, ad- 
mixistration and maintenance of the infu- 
sion equipment and puncture site. 

We wish to emphasize that, based on our 
experience, we believe hyperalimentation 
to 5e a safe and extremely valuable tech- 
nic Any condition associated with malnu- 
trition, gastrointestinal dysfunction or in 
need of bowel rest should be considered 
for treatment. Therapy should begin as 
socn as the condition is recognized in or- 
der to achieve maximum benefit. Although 
total intravenous nutrition is no panacea, it 
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has benefited patients in whom other treat- 
ment would have been unsuccessful and 
has hastened the healing and recovery of 
others. 


Summary 


Parenteral hyperalimentation is a rela- 
tively simple, safe, easily administered and 
controlled procedure that is readily adopt- 
able for use in any hospital. It can achieve 
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positive nitrogen balance in nutritionally 
depleted patients and thus promote weight 
gain, fistula closure and wound healing in 
most patients, regardless of function in the 
gastrointestinal tract. 
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Case 


Initials Age/Sex 


M. T. 


56 M 
25 M 


37 M 
24M 
23 M 
71M 
16M 


58 M 
75 E 
31 F 


36 F 


68 M 


71M 


33 F 
53 F 


70 M 
82M 
54 F 
58 M 


45 M 
11M 


60 M 
61F 
22 M 


70 F 


OWINGS, BOMAR AND RAMAGE 


TABLE 4. 


Diagnosis 


Fistula 


Duodenal stump blow-out 


Multiple gunshot wounds with 
enteric fistula, subphrenic 
abscess, ileofemoral thrombosis 


Gastric fistula 


Gunshot wound with enteric fistula, 
Abdominal abscesses, adhesive 
small bowel obstruction 


Multiple gunshot wounds with 
enteric fistula 


Enteric fistula after Whipple 
procedure 


Transection of the pancreas, 
Post-surgica} fistula 


Enteric fistula 
Enteric fistula 
Ureterocolocutaneous fistula 


Entero-vaginal fistula, systemic 
lupus erythematosus with long- 
term steroid therapy 


Leak at esophageal anastomosis 


Carcinoma 


Esophageal obstruction from 
carcinoma 


Advanced carcinoma of the cervix 


Recto-vaginal fistula, obstructive 
jaundice from carcinoma 


Advanced carcinoma of the larynx 
Carcinoma of the cecum 
Advanced carcinoma 


Obstruction from esophageal 
carcinoma 


Advanced lung carcinoma 

Disseminated neuroblastoma- 
cytoxan therapy 

Carcinoma of the pancreas—5 FU 
therapy 

Carcinoma of the breast with 
metastases—5 FU therapy 

Ewing's sarcoma-—on cytoxan 
therapy 

Carcinoma of the oral cavity—5 FU 
infusion and cobalt therapy 
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Period/ 
Parenteral 
Nutcition 
(Days) Result 
£7 Spontaneous closure—28 days 
"ra Spontaneous closure—43 days 
-2 Spontaneous closure—10 days 
38 Spontaneous closure—35 days 
4 Spontaneous closure 
13 Spontaneous closure—10 days 
9 Spontaneous closure—7 days 
4 Septic shock—died 
28 Spontaneous closure—25 days 
12 Left nephrectomy, colostomy 
with recovery 
52 Spontaneous closure—55 days 
2 Died—sepsis 
22 Marked improvement in 
nutrition-tumor unresectable 
13 Improvement in pain after 
chordotomy 
7 Died—sepsis 
10  Died—aspiration 
16 Recovered after right colectomy 
6 Nutrition improved 
10 Recovered after esophageal 
resection 
9 Expired-—aspiration 
13 Some improvement 
14 Improved 
9 Improved 
5 Expired 
22 Improved, able to eat 


2 


. 5 
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TABLE 4. (continued). 


R 


Period/ 
Parenteral 
Case Nutrition 
No. Initials Age/Sex Diagnosis (Days) Result 
Infection 
26 F.P. 65M Gangrene of the right leg after | 
thrombectomy 12 Recovered after amputation 
27 C. F. 30 F Dehiscence after radical 
hysterectomy 14 Expired from exasnguination 
28 WH 53 M Gangrene right leg, dehiscence 
after iliofemoral thrombectomy 4 Died—sepsis 
29 W.S 57M Multiple fractures—gangrene left 
leg, uremia 13 . Died—uremia 
30 P.O 55 F Radical vulvectomy, node 
dissection, dehiscence 14 Recovered 
31 J.R 50M Infected aortofemoral graft, 
gastrostomy 8 Recovered 
32 P.B. 24M Multiple gunshot wounds with 
wound infection 13 Recovered 
33 C.D 18M . Multiple gunshot wounds with sub- 
phrenic abscess, gangrenous 
gallbladder 19 Recovered 
34 AT. 35 F Resection carcinoma sigmoid, 
abdominal abscess 10 Operative drainage, recovery 
Miscellaneous 
35 C.B 38 F Left chylothorax after gunshot 
wound 4 Drainage slowed 
36 T.B 60 F Hip fracture, cirrhosis, ileus 23 Recovered 
37 ALR, 65M Cholecystectomy, gastrectomy with 
anastomotic obstruction 10 . Expired—sepsis 
38 S. G. 35 F Bladder hematoma after 
hysterectomy 6 Recovered 
39 EP 61M Ileus, small bowel obstruction 14 Recovered after operation 
40 E. J 41 M Coma after head injury 21 Partial recovery of consciousness, 
maintained nutrition 
41 J.G. 6M Teus after traumatic rupture of 
stomach, operation 9 Complete recovery 
42 M.B. 74 F Hip fracture with ileus 23 Recovery 
43 R. E 42F Obstruction after gastro- 
enterostomy 8 Recovery 
44 N.M 49 F Massive small bowel resection 6 Recovery 
45 P.P 18 F TB peritonitis 13 Able to resume oral nourishment 
46 N.J 32 F Hepatic lobectomy 8 Recovery 
47 CW 37 M . Chronic pancreatitis with 
obstruction 8 Operation, recovery 
48 J.B 37M  . Severe burns 18 . Recovery 
40 B.B 52M. X Severe burns 13 Died—sepsis 
S0. WM 28 M . Bronchopleural fistula 30 Recovered after right 
pneumonectomy 
Si FC 57M  Bronchopleural fistula after 
i pneumonectomy 6 Died 
52- eF 37 F Doriden overdose 3 Recovered 
53 S.F 25 F Anorexia nervosa 20 Expired—? 
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DISCUSSION 


Dr. JoNATHAN E. RHoaps (Philadelphia): Dr. 
Ramage was good enough to let me read the 
paper last night, so that I have had a chance to 
go over some of the figures in detail. I can only 
congratulate Dr. Ramage and Dr. Owings on 
a superb series. And it was beautifully presented. 

Their good results are in rather sharp contrast 
to the recent article in the New England Journal 
of Medicine on candidiasis, and an editorial 
emphasizing the dangers of indwelling intravenous 
catheters. I have said repeatedly that I did not 
believe we could have gotten away with the 
method, if we had tried to do it before the 
antibiotics came along, because we would have 
gotten one or a handful of blood stream infections, 
and we would have simply had to stop, except, 
perhaps, in the most severely malnourished pa- 
tients. However, we do have the antibiotics, and 
they will usually pull us out of difficulty in the 
infrequent case in which bacteremia occurs. 

As far as candidiasis is concerned, I think this 
is something which is being seen widely in the 
country and since heavy antibiotic therapy has 
knocked out bacterial growth, it has not been 
peculiarly related to indwelling catheters. We have 
not had much trouble with it in those cases. 

It is a little bit like the two men that looked 
at a glass half full of water, and one said it was 
half full, and the other said it was half empty. 
The method has its dangers, and it has its ad- 
vantages. I think the dangers are sufficient so that 
one should not use it unnecessarily, though we 
do use it very broadly in patients that are post- 
operative and are going to be without food for 
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several days, even though we would ordinarily 
expect *hem to recover without it. 

But certainly in some of the patients that are 
very badly debilitated, many people have had the 
strong impression that it has been lifesaving. 
Certainly we have. My colleague, Dr. Dudrick, 
and our associates have a series which is now up 
to 1300 patients. Particularly since we have had 
the pure intravenous amino acids, they have felt 
that there has been very little trouble with it, 
and do not believe that they had any fatal infec- 
tions due to it. 

The difficulty is that many of these patients have 
infections from other sources, and I think it is 
arguable at times as to whether the catheter is 
responsible or the other sources. An honest effort 
is made to try to distinguish between the two, but 
as long as you have a catheter in place and 
organisms :n the blood stream, the burden of 
proof, I think, is on you to say that the source is 
elsewhere. 

In cases of unexplained fever, we do not hesi- 
tate to remove the catheter for a few days to see 
whether the patient will improve. Frequently then 
we start it again. 

I would certainly again emphasize what I think 
is implicit in this paper, and which has been very 
clear in Dr. Dudrick’s work. He has lodged re- 
sponsibility with, usually, one person at a time to 
manage most of these infusions, and I gather from 
what Dr. Ramage has said that Dr. John Owings 
has carried the responsibility in a very personal 
way, either actually starting the infusions and 
tending them, or directly overseening those who 
do. 


PARENTERAL HYPERALIMENTATION 719 


Each time we have tried to tum it loose, more 
or less, among all residents, we have begun to 
get a little trouble, and we have not tried to do 
that recently. 

I am pleased that Dr. Ramage emphasized its 
safety. Being a bit of a pessimist, I prefer to 
emphasize its danger, but we are using it increas- 
ingly, and we think it is very valvable. 


Dr. ARLE R. Manssencer, jn. (Baltimore): 
We have had a significant experience with hyper- 
alimentation, and I wish to emphasize the dangers. 

Very early in the use of this modality of ther- 
apy, we encountered two patients who had hyper- 
osmolal coma. [Slide] This entity is a potentially 
lethal complication, of course. We monitor these 
patients now with daily serum osmolality and with 
serum-water concentrations determined via use of 
a total solids meter. These are readily available and 
are relatively inexpensive laboratory tests. 

This particular patient had hyperosmolality im- 
posed in part by his hyperalimenting load. He then 
demonstrated osmotic diuresis, as is indicated by 
the urinary output and the high quantitative 
urinary sugar. This certainly, then, decreased his 
total volume and turned on his renin-angiotensin- 
aldosterone mechanism causing tubular resorption 
of sodium. 

At this point, the patient had a serum osmolality 
of 450 milliosmoles and was disoriented. His urine 
sugar at the time was 2340 mg./100 ml. and as 
has been emphasized by Doctor Dudrick, the 
quantitative urinary glucose should not exceed 2 
per cent. 

In addition then to the monitoring modalities 
which have been clearly emphasized in the litera- 
ture up to this point, we are suggesting that pa- 
tients who are on intravenous hyperalimentation 
be monitored daily with serum osmolality deter- 
minations and with total solids meter for serum- 
water concentrations, 


Dr. Jon Ow1ncs (Closing): In contradistinction 
to some earlier discussion, we routinely use the in- 
fraclavicular subclavian approach, and our results 
and complication rate are comparable to that 
stated. Incidentally, all our surgical house officers 
are proficient in this technic, and as I mentioned, 
our complication rate is equal to most others 
reported. 

Our two patients with hyperosmolal coma both 
survived with the usual treatment. This occurred 
early in the series, and we were not as aware of 
this problem then as we are now. We routinely 
monitor serum osmolalities every third day, and 
we also monitor intake and output and some other 
things—glycosuria—which might indicate that this 
problem was impending. Certainly it is a problem 
to be feared. 


Because of our initial success and god results 
with hyperalimentation, our philosophy concern- 
ing its use has changed. Initially we used it only 
as a last ditch measure, and this is attested to by 
the fact that 15 of our first 20 patients had, during 
the ccurse of their trectment, one to four reopera- 
tions each for complications, which points up the 
seriousness of their condition. Although we still 
do not use it at the drop of a hat—and I think 
perhaps our criteria are a little more strict than at 
the University of Pennsylvania, we are not neces- 
sarily deterred by renal, hepatic, or heart failure. 
We heve expanded our indications to include, in 
addition to postsurgical catastrophe, among others, 
malabsorption, malnutriton from any cause, gastro- 
intestinal diseases which would benefit from bowel 
rest such as ulcerative colitis, and in the preopera- 
tive preparation of malnourished patients for major 
operation. 

We might point out that it's no longer necessary 
in most instances to operate on a debilitated, 
cachectic patient whom you doubt can stand the 
induction of a general anesthetic, much less the 
surgical procedure. 

For example, we had a recent case of a 28-year- 
old man who had had bilateral partial pulmonary 
resections for bronchiectasis about 10 years earlier. 
He came to our emergency room bleeding from a 
fistulous tract in his chest, which responded to the 
transfusion of six units of blood and considerable 
prayer. 

He was given hyperalimentation and antibiotics 
for a period of 16 days, during which time he 
markedly improved, but decided that he did not 
want any further treatment. He was advised to 
undergo operation, but he decided instead to go 
home. 

He returned 3 weeks later with a marked de- 
crease in his condition, having lost 13 pounds since 
his discharge, although he had had no rebleeding. 

In any event, he was given hyperalimentation 
and oral feedings for a period of 2 weeks. He 
gained from 97 to, I believe 109 pounds several 
days priar to operation. He underwent a surpris- 
ingly uneventful complete pneumonectomy, and 
was discharge 10 days afterwards. He's still doing 
well at the present time, although it is only three 
weeks after operation. | 

We feel that in this particular patient and in 
many others that we have treated we significantly 
reduced the operative risk and postoperative 
morbidity by improving the nutritional state par- 
enterally when it was not possible to do so orally. 
Although this technic has not helped us every 
time, we wish to reemphasize its safety and effi- 
cacy in the nutritional management of surgical 
disease, and enthusiastically recommend its use. 


Foreign Bodies in the Air and Food Passages 
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INGESTED MATERIAL Which becomes lodged 
in the esophagus will lead to symptoms 
necessitating its removal. Material aspirated 
into the respiratory passages will lead to 
pulmonary symptoms requiring removal, 
During the 1960s at the Medical College 
of Virginia Hospitals, 251 patients had for- 
eign material lodged in either the air or 
food passages (Fig. l). The vast majority 
of foreign bodies in air and food passages 
were seen in the pediatric age group (be- 
tween birth and 5 years) (Fig. 2). One 
hundred fifty-one patients (6076) were in 
the pediatric age group, while 100 (40%) 
were adults. Two hundred (8096) patients 
had esophageal foreign bodies and 51 
(20% ) had airway foreign bodies. 


Foreign Bodies of the Esophagus 


A total of 116 foreign bodies obstructed 
the esophagus in the pediatric age group 
and 94 occurred in adults ( Table 1). In the 
pediatric age group, the overwhelming of- 
fending foreign body was a coin; next were 
meat, bone, buttons and tacks (Table 2). 
However, in the adult group, 91 per cent 
of the foreign bodies were either meat or 
bone. Table 3 documents the remaining 
types of obstruction seen in the esophagus 
in both the pediatric and adult age group. 
Obviously, small objects which can be 
swallowed should be kept at a safe distance 
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from children to reduce the numbers of 
foreign bodies lodged in the esophagus in 
the pediatric age group. The majority of 
patients (8996) with foreign bodies in the 
esophagus had no evidence previously or 
subsequently of intrinsic esophageal disease 
(Table 4). During this 10-year span, no 
patient with malignant disease of the esoph- 
agus had a retained foreign body. 


Diagnosis 


The diagnosis of foreign bodies in the 
esophagus is relatively easy. The parent of 
the child who has ingested a foreign body 
will frequently give a history of such inges- 
tion which causes chest or throat discom- 
fort, possibly some gagging, vomiting or 
excessive salivation, and dysphagia. 

Respiratory distress sometimes is evident 
because of regurgitation and aspiration of 
saliva from the esophagus into the trachea. 
Large esophageal foreign bodies when 
lodged in the cervical esophagus may lead 
to predominant airway obstructive signs 
with wheezing due to partial pressure on 
the airway. In adult patients there is a fre- 
quent history of alcoholic intake, the con- 
sumption of meat with improper chewing, 
occasionally associated with the lack of 
proper dentures. 

Instances in which bone causes an abra- 
sion of the pharynx or esophagus, and then 
passes on, pain is usually not as severe as 
when a bone is lodged in the esophagus and 
is likely to decrease in intensity. However, 
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many such abrasions cannot be differen- 
tiated from an actual foreign body except 
by esophagoscopy. All bones lodged in the 
esophagus are not easily detectable by x-ray. 
Therefore, the clinical symptoms must be 
relied upon to determine whether esoph- 
agoscopy is indicated. After a bone has 
been swallowed, patients who develope 
pain on swallowing during a meal, should 
undergo esophagoscopy unless the pain 
rapidly disappears regardless of the x-ray 
findings. 

Patients in whom a large bolus of meat 
lodges in the esophagus give a somewhat 
different history. In these patients, sudden 
esophageal obstruction is noted while eat- 
_ing, and generally a bolus of meat causes 
the obstruction (usually beef or chicken). 
Frequently these patients have transient or 
minimal dysphasia dating back for several 
years. However, these symptoms were mild 
and not sufficient to require medical treat- 
ment. Small hiatus hernias with proximal 
muscle spasm from reflux can initiate the 
lodging of such a foreign body in the 
esophagus after which the patient is unable 
to eat or drink without regurgitating. Com- 
plete esophageal obstruction from a large 
bolus of meat can be verified by the patient 
is inability to drink water without regur- 
gitating. Since no acid is present in the re- 
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Fic. 1. Foreign bodies in air and food passages 
(MCV-1960-1970), 
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Fic. 2. Foreign bodies of the air and food passages 
(Pediatric Age Group—MCV-1960—1970). 


gurgitated food or water it confirms the fact 
that it did not enter the stomach. Further 
documentation of such obstruction can be 
seen on barium x-ray. 

Careful examination of the pharynx using 
the mirror technic is most helpful in elim- 
inating any possible obstruction in the 
upper swallowing passages. Any foreign 


body lodged in these areas can be simply 


removed. Following local intra-oral exam- 
ination, it is important to carefully examine 
the neck and throat externally to check for 
tenderness, masses, or possible subcutaneous 
emphysema that may result from penetra- 
tion of the esophageal wall and leakage of 
air and saliva into the surrounding esopha- 
geal area. Auscultation of the neck and 
chest is important to check for air in the 
tissues. 


722 BROOKS 


TABLE 1. Foreign Bodies in Esophagus 


1960-1970 
Organ Pediatric Adult 
Esophagus 
Upper 1/3 82 56 
Middle 1/3 18 15 
Lower 1/3 16 23 
116 94 


X-Ray Examination 


Routine PA and lateral chest and neck 
x-rays are extremely important to visualize 
retained radiopaque foreign material. X- 
rays taken in the lateral projection removes 
the calcification of the vertebral body which 
may obscure light opacification in foreign 
material. Figure 3 shows a radiopaque bone 
spicule present in the esophagus at the 
pharyngo-esophageal junction. 

If obstruction of the esophagus has oc- 
curred because of foreign body, an air fluid 
level seen in the esophageal area may indi- 
cate such total esophageal obstruction even 
though the foreign body itself cannot be 
visualized by direct x-ray. 

Should the esophageal wall be penetrated 
by a foreign body, subcutaneous and/or 
mediastinal air will be visualized by x-ray. 
Regurgitation and aspiration of esophageal 
contents will show pneumonitis suggesting 
esophageal obstruction. 

Figure 4 shows excellent visualization of 
a radiopaque jack in the esophagus. Figure 


TABLE 2. Foreign Bodies in Esophagus 








MCV 1960-1970 
Object Pediatric Adult 
Coin 69 1 
Meat 6 ; 51 
Bone 5 34 
Button 6 0 
Tack 5 0 
91 (78%) 86 (91%) 
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TABLE 3 Foreign Bodies in Esophagus (Con's) 


Objects founc in esophagus of pediatric patients: (25) 


Springs, jack rocks, safety pins, screw bolt, ear ring 
& chain clasps, key chain link, rings, lead slug, toy 
bell, key, washer, cross, tin foil, rock, plastic piece, 
gum. 

Objects iounc in esophagus of adult patients: (8) 


Safety pin, dental prosthesis, oranges, rubber 
feeding tube, wooden tongue blade. 


5 illustrates two coins, one on top of the . 
other, in the proximal esophagus at the site 
of aortic indentation in the esophagus. 

Figure 6 illustrates a large bolus of steak 
in the lower esophagus of a previously 
asymptomatic man. Barium swallow x-ray 
outlines the typical appearance of this re- 
tained meat foreign body. 

If a foreign body is not seen by routine 
examination and x-rays, the ingestion of a 
small amount of barium with careful study 
may locate and outline the obstruction. 
The plastic ring in the esophagus outlined 
by barium swallow x-ray in Figure 7 is a 
clear example of this type of identification. 

Esophagoscopy is necessary for diagnosis 
when all other diagnostic methods fail to 
identify a possible retained foreign body in 
a patient with persistent symptoms. 


Treatment 


Foreign bodies in the esophagus can be 
removed by use of esophagoscopy. Esoph- 
agoscopy for removal of foreign material 
should be carried out under general anes- 


Taste 4. Previous Esophageal Disease 


. None 178 (89%) 

. Old stricture 

. Hiatus hernia 

. Congenital WEB 

. Lye stricture 

. Lye stricture with small 
bowel anas. 

. Corrected T. E. fistula 

. Diverticula 

. Diverticula with stricture 
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Fic. 3. Small piece of bone lodged obliquely 
in cervical esophagus. Air in esophagus and tra- 
chea is clearly seen in this lateral projection. Symp- 
toms were constant left neck pain, with exacerba- 
tion at time of swallowing. 


thesia with an endotracheal tube in place 
so that careful removal in the totally re- 
laxed patient can be facilitated. Unless the 
patient is extremely uncomfortable, an 8- 
hour period of nothing by mouth is ob- 
served prior to the induction of general 
anesthesia. 

An x-ray obtained immediately before 
operation is very important to eliminate any 
possible evacuation of the foreign body 
into the stomach where extraction is seldom, 
if ever, necessary. Figure 8 illustrates the 


Fic. 4. Clearly visual- 
ized metal “jack” in up- 
per 14 of esophagus. Dys- 
phagia, neck pain, dysp- 
nea, and mild stridor 
were present. 





value of such immediate preoperative x-ray 
studies. 

At the time of esophagoscopy, careful at- 
tention is paid to the character of the esoph- 
ageal wall and to the possible presence of 
blood or a tear in the esophageal mucosa. 
If the foreign body is too large to be 
brought through the esophagoscope, simul- 
taneous removal of the esophagoscope and 
foreign body, firmly grasped with foreign 
body forceps, must be carried out. Care 
should be taken at the time of removal that 
sharp edges do not penetrate or scratch the 
esophageal wall. If the foreign body cannot 
be safely brought out through the esoph- 
agoscope it should be pushed into the stom- 
ach which is a safe and acceptable pro- 
cedure. 

Bigler ? and Symbas ?* suggested the use 
of a Foley catheter and local anesthesia for 
removal of smooth radiopaque foreign 
bodies in the esophagus (Fig. 9). We have 
not used this technic because the foreign 
body may lodge across the epiglottis at the 
time of withdrawal and cause asphyxiation. 

If a reliable patient has reported ingestion 
of meat with prompt obstruction, and if 
x-rays show no bone, we have preferred 
using enzymatic removal rather than esoph- 
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agoscopy. We use 20% caroid (papaine) 
in 10% alcohol. Five cc. of this mixture is 
ingested each 5 minutes for 1 hour. Enzy- 
matic softening of the meat will cause it to 
pass into the stomach after this manage- 
ment. Richardson ?? first described this 
method in 1945. Holsinger * and Andersen ! 
have reported perforation of the esophagus 
secondary to the use of such a digestant. 
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Fic. 5. Two coins in 
upper 14 of esophagus 
lying one immediately on 
top of other. 


We have seen no complications from its 
use. Prior to giving this material by mouth, 
Levin tube irrigation and aspiration of the 
esophagus is carried out so that no material 
obstructs the passage of the enzyme directly 
to the meat. During the past 10 years, meat 
has been removed by the esophagoscope in 
26 patients. Three had perforations caused 
by manipulation with the esophagoscope 


Fic. 6. Large meat 
bolus in lower !4 of 
esophagus outlined as 
filling defect in barium 
esophagogram. Obstruc- 
tion is not complete. 
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Fic. 7, Plastic ring in 
upper l4 of esophagus 
visualized as negative 
shadow at time of doing 
esophagogram with thin 
barium. 


and/or foreign body forceps. One patient 
died because of fulminating mediastinitis 
despite prompt drainage and closure of the 
esophagus. Another death occurred in this 
group because of a reaction to local anes- 
thesics. However, 25 patient treated with 
the enzymatic technic using caroid and al- 
cohol all responded without complication. 

Three patients in our series (1.595) had 
sharp foreign bodies lodged in the esoph- 
agus which caused perforation and abscess 


Fic. 8. (A left) Coin 
in upper 14 of esophagus. 
(B right) Two hours 
later and just prior to in- 
duction of anesthesia, re- 
peat x-ray shows coin in 
stomach. Passage through 
G.I. tract from this point 
is virtually routine. 
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formation. Prompt recognition of esoph- 
ageal perforation (Table 5) is important 
for immediate removal of the foreign body 
and closure of the esophagus with drainage 
of either the cervical or mediastinal area 
around the perforation. Most patients with 
perforation of the esophagus have had in- 
tense pain, systemic toxicity characterized 
by elevated temperature, rapid pulse, rapid 
respiration and a sense of impending 
danger. 
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Fic. 9. Foley catheter through nose, into 
esophagus with catheter balloon inflated coin can 
be removed as catheter is withdrawn. 


After removal of a foreign body from the 
esophagus, diagnostic esophagogram should 
be carried out approximately 2 weeks later. 
Studies done earlier than 2 weeks may be 
confusing because of esophageal edema and 
require further study. If dilatation of the 


TABLE 5. Recognition Esophageal Perforation 





1. Pain (Substernal, neck, epigastric, back) 
2. Systemic toxicity 

3. Neck mass 

4. Subcutaneous emphysema 

5. Contrast studies 


Treatment 


Drainage and/or closure 
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esophagus is necessary, it is preferable to 
wait approximately 2 to 3 weeks in order 
that all reaction secondary to foreign body 
retention and removal has subsided so that 
perforation at the time of dilatation will be 
minimized. 


Foreign Bodies in the Air Passages 


Foreign bodies in the air passages oc- 
curred in 51 patients in a 10-year period of 
study. No patient in this group had more 
than one foreign body over the 10-year 
span. Table 6 illustrates the area of tracheo- 
bronchial tree in which the foreign body 
was lodged in both the adult and pediatric 
age group. The predominent age group 
which had obstruction in the air passages 
was the pediatric age group. In this group, 
45 of 51 foreign bodies were seen in the air 
passages over our 10-year period of study. 
The left main bronchus was most frequently 
involved. Tables 7 and 8 show the types of 
foreign material found in the tracheobron- 
chial tree in our series. The greatest single 
offender was the peanut with plastic bul- 
lets, next in order found in children. In 
adult patients, alcoholic intake followed by 
vomiting and aspiration of foreign material 
ranked high as a causative factor. 


Diagnosis 


Symptoms of foreign bodies in the air 
passages are usually vividly recalled. Food 


'TABLE 6. Foreign Bodies in Air Passages 








1960-1970 
Organ Pediatric Adult 

Trachea 9 — 
R. M. B. 9 1 
R. U. L. 1 
K. I. B. 6 2 
REL 4 1 
L. M. B. 11 — 
L. UE. 2 -— 
b. Ll. 4 1 

45 6 
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TABLE 7. Foreign Bodies in Air Passages 
MCV 1960-1970 





Object Pediatric Adult 


Peanut 19 1 
Plastic bullet 6 

Safety pin 1 

Screw 2 0 
Sewing needle 1 0 





No Repeaters 


TABLE 8. Foreign Bodies in Air Passages (Con't) 





Objects found in air passages of pediatric patients: (16) 
Picture hook, bone, pinto bean, ball pen top, chest- 
nut, crayon, tacks, soy bean, corn kernel, egg 
shell, tooth, marble, hat pin, bean, rubber balloon. 


Objects found in air passages of adult patients: (4) 
Bones, toothpick, hypo needle. 





or an object in the mouth during a sudden 
episode of coughing, gagging, cyanosis, 
wheezing, and may occasionally cause near 
respiratory arrest. Vomiting is not unusual. 
After the initial violent episode, there is a 
persistent annoying cough which may or 
may not be accompanied by audible wheeze 
which is perceptible at a distance. After 
prolonged obstruction the cough may be- 


Fic. 10 (A). Open 
safety pin left main 
bronchus at superior seg- 
ment take-off left lower 
lobe bronchus. 


come minimal or non-existent. The wheeze 
usually remains. After aspiration there is 
frequently minimal or no respiratory dis- 
tress. The patients frequently breathe 
quietly and easily not to stir up cough 
which has been so troublesome immediately 
following aspiration. An audible wheeze 
may be present at the bedside and fre- 
quently a wheeze is heard by auscultation. 
The most common physical finding after 
aspiration is decreased breath sounds over 
that portion of the lung in which the bron- 
chus is obstructed by the foreign body. 

Examination by x-ray is most important. 
If the foreign body is radiopaque it can be 
rapidly seen by x-ray. PA and lateral films 
are important in each study. 

Figure 10A illustrates an open safety-pin 
in the left main bronchus of a young male 
patient; Figure 10B shows the rust covered 
pin after extraction by bronchoscopy. 

A lateral thoracic view of a child with 
a history suggestive of peanut in the air pas- 
sages shows the peanut in the mid-trachea 
(Fig. 11). The air column of the trachea 
completely surrounding the peanut helps 
to outline this usually non-opaque material. 

The most reliable x-ray finding in a pa- 
tient with a recently aspirated non-opaque 
foreign body of the bronchus is obstructive 
emphysema (“air trapping”) secondary to a 
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Fic. 10 (B). 
Rusty satety pin re- 
moved from pa- 
tient. 





peanut in the left lower lobe bronchus. 
Obstructive emyhpsema can be seen on the 
PA film located in the left lower area of the 
hemithorax. On the lateral view an enlarged 
lower lobe from obstructive emphysema is 
dramatically illustrated. Figure 13 shows 
the effects of a more firmly entrenched 
atelectasis. There was some pneumonitis in 
the right lower lobe of another child with 
a peanut in the right lower lobe bronchus 
distal to the middle lobe take off for a pe- 
riod of 3 days. 

In a few cases of bronchial foreign 
bodies there may be a silent period after 
aspiration, with pneumonia distal to the 
obstruction occurring several days or weeks 
later. Therefore in every child who has evi- 
dence of pulmonary symptoms; unilateral 
wheeze; hemoptysis; recurrent pneumonia 
in the same area of the lung; isolated lung 
abscesses; or a combination of these, a care- 
ful history should be taken dating back over 
several weeks prior to symptoms of pneu- 
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monia to determine whether there is any 
indication of an aspirated foreign body. 
This is especially true if there is clinical 
evidence of bronchial obstruction as man- 
ifested primarily by suppression of breath 
sounds or by x-ray evidence of atelectasis. 


Treatment 


Retained foreign bodies within the lumen 
and bronchi immediately set up a reaction 
in the bronchial mucosa causing edema and 
varying degrees of bronchial spasm. Drain- 
age from the distal aspects of the bronchial 
systems supplied by the obstructive foreign 
body is impaired. Atelectasis and infection 
both bronchial and pneumonic are en- 
hanced. With the passage of time, and vary- 
ing in degree, dependent on severity of in- 
fection, bronchiectasis, bronchial stenosis, 
lung abscess, empyema and occasionally 
bronchopleural fistula may develop. These 
changes may be responsible for loss of func- 
tional lung tissue by subsequent surgical 
resection. Severe hemoptysis caused by 
erosion from infection or foreign body itself 
has occurred. Foreign bodies in the tracheo- 
bronchial tree may migrate to other areas 
of the thorax. 

With confirmation of a foreign body in 
the tracheobronchial tree, treatment of 
choice is extraction by bronchoscopy under 
general anesthesia. If the patient is not in 
acute distress, bronchoscopy should be de- 
layed until at least 8 hours following the 
last meal. If distress is present, bronchos- 


Fic. 11. One half pea- 
nut in thoracic trachea 
proximal to carina, Pa- 
tient had marked respira- 
tory distress with audible, 
harsh stridor. 
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Fic. 12. Peanut in left 
lower lobe bronchus with 
obstructive emphysema 
(“air trapping’) clearly 
shown. 


copy should be initiated promptly. We 
would prefer general anesthesia with relax- 
ing drugs and the use of ventilating bron- 
choscope. 

Without the ventilating bronchoscope, we 
would prefer a general anesthetic such as 
ether which allows the patient to be well 
anesthetized and still continue an adequate 
respiratory effort. This lessens the haste 
with which the surgeon must work and al- 
lows more prolonged exploration of the 
tracheobronchial tree for extraction of mul- 
tiple pieces of foreign material. With the 
use of the ventilating bronchoscope, one 
may more easily proceed with relaxing 
drugs. However, in some cases, this air jet 
into the tracheobronchial tree may force 
small particles of foreign material deeper 
into the bronchus and make it more difficult 
to manage. 

If one cannot definitely establish the 
presence of a foreign body in the tracheo- 
bronchial tree by evidence of a radiopaque 
foreign body, obstructive emphysema, or 
pneumonitis, it is safer to proceed with 
bronchoscopic inspection than to detain the 
patient for prolonged periods of examina- 
tion. Most foreign bodies can be extracted 
with foreign body forceps and minimal 
trauma. 
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An additional tool in the removal of for- 
eign bodies from air passages is the Fogarty 
catheter which was designed for emboli 
and clot removal from blood vessels. After 
visualization of the foreign body by bron- 
choscopy, the Fogarty catheter may be in- 
troduced through the bronchoscope and 
beyond the foreign body. The balloon is 
inflated and Fogarty catheter withdrawn 
carrying the foreign body with it (Fig. 14). 
This was first suggested by Ullyot and Nor- 
man.*8 

Complications after successful endoscopic 
removal of foreign bodies from the tracheo- 





Fic. 13. Complete atelectasis right lower lobe 
in child with peanut obstructing bronchus for 
three days. 
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Fic. 14. Fogarty catheter passed through bron- 
choscope distal to bronchial foreign body, balloon 
inflated and withdrawn with foreign body. 
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bronchial tree are usually confined to 
edema of the vocal cords for which steroid 
therapy for 12 hours is usually sufficient to 
control. Occasionally tracheostomy may be 
life saving in difficult instances as in cases 
of tracheal occlusion from within or in 
the epiglottic level. Pneumothorax and/or 
pneumediastinum may occasionally be 
noted after endoscopic removal of foreign 
body. Prompt tube drainage is then neces- 
sary for the pneumothorax. 

In Figure 15 a screw is seen in the right 
intermediate bronchus of a child. Three at- 
tempts at removal prior to transfer to our 
hospital were unsuccessful. Two attempts 
at our hospital were unsuccessful. The child 
required thoracotomy for removal of the 
screw. 

In Figure 16 is a child with a sewing 
needle in the lateral basilar segment of the 
right lower lobe of the lung. After three un- 
successful bronchoscopies during which we 
could never see the foreign body nor pal- 
pate it with our foreign body forceps, a 
small thoracotomy was necessary for re- 
moval. 

Bronchoscopic removal of foreign bodies 
was successful in all but four cases. Tho- 
racotomy was required in these four cases 


(8%). 


Fic. 15. Screw in in- 
termediate bronchus, 
right, requiring thoracot- 
omy for removal. 


FOREIGN BODIES IN AIR AND FOOD PASSAGES 


Fic. 16. Sewing needle 
in periphery right lower 
lobe of lung removed by 
thoracotomy. 





One patient (2%) developed empyema 
secondary to pneumonia distal to the for- 
eign body obstruction. After drainage of 
the empyema there was complete recovery. 

There was one fatality (2%) in patients 
with obstruction of air passages. This oc- 
curred in a small child who was inflating 
a toy balloon which popped while he was 
blowing it up and it was aspirated into the 
trachea. He was dead on arrival at the 
emergency room. The rubber balloon was 
found at post-mortem examination. 

Two of our patients (4%) had cardiac 
arrest because of tracheal foreign bodies 
which were successfully extracted in the 
emergency room with resuscitation efforts. 


Summary 


Foreign bodies in the air and food pas- 
sages continue to be potential hazards. 
Early recognition is usually facilitated by 
careful history, auscultation of the lungs 
(in instances of air passage obstruction by 
foreign bodies), and meticulous x-ray ex- 
amination. Endoscopy is the treatment of 
choice. Surgical removal is rarely required. 
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the foreign body. It is very distressing to see a 
tack or coin or peanut fall deeper into the 
bronchial tree and then find that you have to do a 
thoracotomy and bronchotomy to remove the ob- 
ject that would have been very easily removed 
had the patient been in the head-down position. 


Dr. J. W. Brooxs (Closing): In closing, I would 
just like to express my thanks to the Association 
for being on the program my first year as a 
member. 


Surgical Significance of the Lower Esophageal Ring 


Joun H. VANsANT,* M.D., M.S. (Sure. ) 


From the Department of Surgery, Norfolk General Hospital, Norfolk, Virginia 23507 


SINCE 1953 when Schatzki?? described 
the radiographic appearance of the lower 
esophageal ring, it has perplexed physicians 
who are interested in the mechanics of the 
esophagus and the pathophysiology of 
hiatal hernia. 

The lower esophageal ring is located 4 or 
ð cm. above the diaphragm and has the 
appearance of a thin, smooth, concentric 
web (Fig. 1). The ring has a constant diam- 
eter, it persists on repeated x-ray examina- 
tions and does not change position in rela- 
tionship to the stomach. It is always asso- 
ciated with a hiatal hernia.® 17» ?: 

A series of patients has been analyzed in 
an attempt to clarify the clinical significance 
and the natural history of the lower esopha- 
geal ring. 


Material 


X-ray evidence of a lower esophageal ring 
was present in 45 patients (15% ) in a group 
of 300 patients with hiatal hernia. The series 
includes 25 women and 20 men with an age 
range of 32 to 86 years (Table 1). Twenty- 
nine patients were between 40 and 60 years 
of age. 

Forty patients had symptoms longer than 
2 years prior to treatment and 20 for at least 
D years. 

The presenting symptoms are divided 
into three distinct categories—episodic 
aphagia, heartburn and persistent obstruc- 
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tion (Table 2). Episodic aphagia was the 
major symptom of 22 patients. The typical 
history of the symptomatic lower esophageal 
ring is characterized by periodic episodes 
of painless total esophageal obstruction. The 
attacks frequently occur when the patient 
is under emotional stress and are associated 
with swallowing a large bolus of food. Be- 
tween attacks the patient is free of symp- 
toms. 17. 28 

Heartburn, the most frequent symptom 
of hiatal hernia,??* was the major com- 
plaint of 20 patients. 

Three patients had persistent esophageal 
obstruction indicative of an advanced stric- 
ture. 

Diagnostic studies included esophagos- 
copy, esophageal biopsy, acid barium swal- 
low, and gastric analysis. 


Results 


In all patients the radiographic appear- 
ance of the ring fulfilled the criteria de- 
scribed by Schatzki and Gary.?> X.ray 
evidence of hiatal hernia was present in 
every patient. 

To demonstrate the significance of the 
lower esophageal ring, the studies have 
been tabulated in relationship to the pre- 
senting symptoms. In Table 3 the symptoms 
are correlated with the diameter of the ring. 
Diameters refer to the maximal measure- 
ment of the ring in the barium distended 
esophagus. Due to magnification, this is 25 
to 33 per cent greater than the actual diam- 
eter of the ring.?? 

All patients in whom the diameter of the 
ring was 15 mm. or less had symptoms of 
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Fic. 1. A lower esophageal ring which demonstrates 
the characteristic x-ray appearance. 


obstruction. Eighteen patients had episodic 
aphagia and three had the persistent symp- 
toms of a stricture. Episodic aphagia did 
not occur in any patients with a diameter 
greater than 20 mm. In patients with symp- 
toms of reflux esophagitis, the diameter of 
the rings ranged from 16 to 25 mm. 
Thirty-eight patients were evaluated for 
esophagitis by acid barium swallow (Table 
4). Seven of 18 patients with episodic 
aphagia revealed no evidence of esopha- 
gitis. In comparison, esophagitis was absent 
in only three of 17 patients with heartburn. 


TABLE 1. Age and Sex Distribution 








Age Males Females Totals 
30-39 2 3 5 
40-49 9 6 15 
50-59 5 9 14 
60-69 2 6 8 
70-89 2 1 2 
Totals 20 25 45 
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TABLE 2. Major Presenting Symptoms 








Symptom Patients 
Episodic aphagia (symptomatic ring) 22 
Heartburn (reflux esophagitis) 20 
Persistent obstruction (stricture) 3 
Totals 45 





AII 45 patients underwent esophagoscopy. 
Symptoms are correlated with esophago- 
scopic findings in Table 5. No evidence of 
esophagitis was seen in ten patients with 
episodic aphagia and in six patients with 
symptoms of reflux esophagitis. 

Except for the three patients with stric- 
tures the esophagus could be easily dilated 
with a No. 50 French Maloney bougie in 
all patients. 

Forty-one esophageal biopsies were taken 
( Table 6). Microscopic evidence of esopha- 
gitis was absent in nine patients with symp- 
tomatic lower esophageal rings and in two 
patients with symptoms of reflux esophagitis. 

Multiple biopsies in ten patients revealed 
squamous mucosa above the ring and gastric 
mucosa below. This provides evidence that 
the ring is located at the esophago-gastric 
junction. 

Gastric acidity was measured in 42 pa- 
tients ( Table 7). The level of free hydro- 
chloric acid was greater than 20 mKq./I. in 
34 patients and above 40 mEq./l. in 22 pa- 
tients. There was no association between 
symptoms and the level of gastric acid. 


TABLE 3. Major Symploms Correlaled with the X-Ray 
Diameter of the Lower Esophageal Rings 





Symptom 


Diameter Esoph- Stric- 





(mm.) Aphagia agitis ture Totals 
6-10 12 3 15 
11-15 6 6 
16-20 4 10 14 
21-25 10 10 
Totals 22 20 3 45 
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TABLE 4. X-Ray Evidence of Esophagitis by Acid Barium Swallow T echnic Compared 
with the Major Symptoms 


———————————— HMM 





Symptom 
Acid Barium Swallow Aphagia Esophagitis Stricture Totals 
Negative for esophagitis 7 3 1 11 
Positive for esophagitis 11 14 2 27 
Totals 18 17 3 38 
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TABLE 5. Major Symptoms Correlated with Esophagoscopic Findings 
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Symptom 
Finding Aphagia Esophagitis Stricture Totals 
No esophagitis 10 6 — 16 
Mild esophagitis 5 7 1 13 
Marked esophagitis 7 7 2 16 
Totals 22 20 3 45 


TABLE 6. Major Symptoms Correlated with Esophageal Biopsies 
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Symptom 
Microscopic Finding Aphagia Esophagitis Stricture Totals 
No esophagitis 9 à — 11 
Mild esophagitis 9 10 2 21 
Marked esophagitis 3 5 1 9 
Totals 21 17 3 41 


TABLE 7. Gastric Acidity 


mnc c (cc c aM NNNM 


Symptom 
—— HOD LEE 
mEq./l. Free HCI Ring Esophagitis Stricture Totals 
a a a ea re ee MM 
Less than 20 4 4 8 
20-40 6 6 — 12 
More than 40 11 9 2 22 
Totals 21 19 2 42 


TABLE 8. Surgical Management Correlated with M ajor Symptoms 
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Symptom 
Treatment Aphagia Esophagitis Stricture Totals 
Esophagoscopy with dilatation 11 6 2 19 
Repair of hiatal hernia 11 14 1 26 
Totals 22 20 3 45 
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Fic. 2A & B. Pre- and postoperative x-rays re- 
veal disappearance of the ring following hiatal 
hernia repair. 
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Treatment 


Table 8 correlates treatment with symp- 
toms. Esophageal dilatation was the only 
treatment for 11 of 22 patients with episodic 
aphagia. All 11 patients have been followed 
longer than 1 year and seven patients be- 
tween 2 and 7 years. Each received prompt 
relief from obstructive symptoms. Three of 
these patients who had single episodes of 
total obstruction with impacted food have 
had no further symptoms. Five patients 
have mild symptoms controlled by attention 
to eating habits. The remaining three have 
required repeated dilatations. All reveal a 
decrease in the diameter of the ring radio- 
graphically and have been advised to have 
hiatal hernia repair. 

The other 11 patients with episodic apha- 
via were treated by dilatation combined 
with hiatal hernia repair. All have received 
prompt and lasting relief. Frequently, the 
lower esophageal ring is no longer visible 
following successful hernia repair (Fig. 2). 
In one patient with a small recurrent hernia 
in whom vagotomy and pyloroplasty was 
included, the ring is evident on x-ray, but 
the patient does not have recurrent obstruc- 
tive symptoms (Fig. 3). Nine patients have 
been followed longer than 2 years and four 
patients for more than 5 years. 

Six of 20 patients with heartburn have 
responded to conservative management. 
After observation for 1 to 5 years, none have 
developed symptoms of episodic aphagia. 
Hiatal hernia repair in 14 patients relieved 
the symptoms of reflux eosphagitis. Twelve 
have been followed between 2 and 8 years 
with one known recurrence. 

Esophageal dilatation was difficult in the 
three patients with advanced strictures in 
contrast to the ease in dilating patients with 
episodic aphagia. Two patients who de- 
clined operation have been controlled by 
periodic dilatation. A third patient with a 
7 mm. ringlike stricture could not be dilated 
adequately until the esophagus was mobi- 
lized at the time of operation (Fig. 4). 


LOWER ESOPHAGEAL RING IN SURGERY 


Fic. 3. Pre- and post- 
operative x-rays of a pa- 
tient with recurrent hiatal 
hernia in which the lower 
esophageal ring persists. 


The obstructive symptoms were relieved 
following a Hill ? repair of the hiatal hernia. 


Discussion 


With few exceptions,” 1 agreement 
exists that the lower esophageal ring marks 
the esophago-gastric junction and its pres- 
ence is diagnostic of a hiatal hernia.» * 12 
‘20,27 This study substantiates this con- 
clusion. 

Schatski ** observed that aphagia oc- 
curred consistently when the ring was less 
than 13 mm. in diameter and rarely when 
greater than 20 mm. In this series, obstruc- 
tive symptoms occurred in all patients with 
a ring less than 16 mm. and in none when 
greater than 20 mm. 

In a previous study ?* the acid barium 
swallow proved to be 9095 accurate in diag- 
nosing esophagitis. With this technic, no 
evidence of esophagitis was present in seven 
of 18 patients with episodic aphagia com- 
pared to three of 17 patients with heartburn. 
By esophagoscopy, esophagitis was absent 
in 10 of 22 patients with aphagia and in six 
of 20 patients with heartburn. Esophageal 
biopsy revealed no esophagitis in nine of 
2] patients with episodic aphagia and in 
only two of 17 patients with heartburn. This 
decreased incidence of esophagitis in pa- 
tients with episodic aphagia, as demon- 
strated by acid barium swallow, esophagos- 
copy and esophageal biopsy suggests that 





“I 


ww 
~J 





Fic. 4. Ring-like stricture which fulfills the criteria 
of a lower esophageal ring. 
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the ring provides an element of protection 
against reflux esophagitis. 

Despite the reduced incidence of esopha- 
gitis, patients with episodic aphagia did re- 
veal evidence of esophagitis by esophagos- 
copy in 12 of 22 patients and by biopsy in 
12 of 21 patients. This indicates that reflux 
esophagitis does play a part in the patho- 
genesis of the lower esophageal ring. Inflam- 
mation associated with the lower esopha- 
geal ring has been described by numerous 
investigators.? 5 16 14 16, 18, 27 Barrett,? Johns- 
ton,?° Mustard,?* and Postlethwait !* believe 
the ring develops in response to reflux 
esophagitis. 

Based on the findings in this series, the 
lower esophageal ring appears to be a 
physiologic barrier which develops in re- 
sponse to reflux esophagitis and protects the 
esophagus from an extension of the inflam- 
matory process. 

The tendency of the lower esophageal 
ring to gradually decrease in size is well 
documented.1?: 17; 21; 23 This was observed in 
three patients in this series in whom apha- 
gia occurred with increasing frequency as 
the ring became smaller. Goyal ° describes 
a localized ring-like peptic stricture which 
is radiologically similar to the lower esopha- 
geal ring. Barrett? and Johnston ?? suggest 
that the end point in the natural history of 
the lower esophageal ring is development 
of a localized fibrotic stricture. On esoph- 
agoscopic examination, three patients in 
this series with the radiographic character- 
istics of a lower esophageal ring had ad- 
vanced strictures which could not be easily 
dilated. Each patient revealed a history of 
episodic aphagia prior to the onset of per- 
sistent esophageal obstruction. These find- 
ing provide additional evidence that the 
natural history of the lower esophageal ring 
may lead to stricture formation. 

Esophageal dilatation is the initial treat- 
ment of choice for the symptomatic lower 
esophageal ring.9 1% 1? 15,17,20 Although 11 
of 22 patients with episodic aphagia in this 
series had the hialtal hernia repaired, all pa- 
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tients received at least temporary relief fol- 
lowing dilatation. Other observers ® * ** 19 
report success following pneumatic dilata- 
tion of the ring. 

If dilatation fails to provide permanent 
relief, hiatal hernia repair combined with 
dilatation should be performed. A direct 
operation on the ring is unnecessary and 
should be avoided. ® 1” 14 20, 26 Even when 
stenosis has developed, dilatation of the 
stricture combined with hiatal hernia repair 
will relieve the obstructive symptoms.* ** 
This was demonstrated by one patient in 
this series. 


Conclusions 


The lower esophageal ring marks the 
esophago-gastric junction and is diagnostic 
of a hiatal hernia. 

In patients with episodic aphagia asso- 
ciated with a lower esophageal ring, the 
esophagus can be dilated with ease with 
prompt symptomatic relief. 

The lower esophageal ring develops in 
response to reflux esophagitis and acts as 
a physiologic barrier to protect the esoph- 
agus against extension of the inflammatory 
process. The natural history of the ring is to 
gradually decrease in size with the end 
point resulting in a ring-like fibrotic stric- 
ture. 

The initial treatment of choice is esoph- 
ageal dilatation. If symptoms persist, hiatal 
hernia repair combined with dilatation is 
indicated. A direct operation on the ring 
is not necessary and should be avoided. 
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Esophagocoloplasty 


H. B. Grecorm, JR,” M.D. 


From the Department of Surgery, Medical University of South Carolina, 
Charleston, South Carolina 


Various esophageal substitutes have their 
merits and disadvantages. It is not the pur- 
pose of this report to compare colon sub- 
stitution with other methods, but to criti- 
cally evaluate esophagocoloplasty among 
99 patients cared for at the Medical Uni- 
versity of South Carolina Hospitals during 
the past 10 years. 


Clinical Data 


The patients ranged in age from 2 to 73 
years (Table 1). There were 39 males and 
. 16 female patients of whom 28 were white, 
27 black, 22 private, and 33 service. 

The 55 patients all underwent single 
stage operations. Forty-five had esophagec- 
tomy and colon bypasses and ten had colon 
bypasses alone. 


Colon Bypass 


"The ten patients who had colon bypasses 
alone consisted of eight with esophageal 
carcinoma, one with stenosing esophagitis 
from hiatus hernia, and one with congenital 
treacheoesophageal fistula. The latter is the 
only survivor of this group, now 7 years 
since bypass and doing well, who interest- 
ingly required abdominoperineal repair of 
imperforate anus, and duodenoduodenos- 
tomy for obstructing annular pancreas. Six 
died of unresectable carcinoma surviving 3 
to 17 months, or averaging 9.5 months. ‘Two 
deaths from operation occurred: one of as- 
piration pneumonia and mediastinal ab- 
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scess l month following bypass and the 
other of portal system gas gangrene with 
focal jejunal and liver necrosis 18 days fol- 
lowing bypass. 

lransient cervical level anastomotic fis- 
tulae occurred in two patients with drain- 
age for 6 weeks. Both had cervical level 
carcinoma to which tumoricidal x-radiation 
therapy of 6,000 rads had been applied. 
Other complications in this group are listed 
in Table 2. 


Esophagectomy and Colon Bypass 


The 45 patients who had esophagectomy 
and singie stage colon replacements con- 
sisted of 12 patients with benign disorders, 
and 33 patients with malignancies (Table 
3). 
Among 12 patients with benign disorders 
there was no operative death. Survival time 
has been from 6 to 122 months averaging 
97 months (Table 4). 

Two patients had recurrent bleeding 
from esophageal varices with obliteration 
of the portal vein. Bleeding was controlled 
in both and swallowing was unimpaired. 
Varices extended throughout the thoracic 
esophagus in an 1l-year-old boy with pre- 
vious om»halitis. He had undergone three 
previous unsuccessful porto-systemic shunts 
and survives 6 years after resection and by- 
pass. 

Four patients underwent lower esopha- 
geal resection and esophagocoloplasty for 
stenosing esophagitis secondary to hiatus 
hernia. All had severe preoperative dys- 
phagia and weight loss, and two had hema- 
temesis. All survive from 6 to 57 months 
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TABLE 1. Age 

Years Benign Malignant 

0-10 4 0 
11-20 2 0 
21-30 0 1 
31-40 ji 0 
41-50 0 9 
51-60 4 20 
61-70 3 10 
71-86 0 1 
Range 2-70 years 29-73 years 


85% 41-70 years 


averaging 42 months. Postoperative compli- 
cations occurred in each (Table 5). 

Six patients underwent thoracic esopha- 
gectomy and esophagocoloplasty for caus- 
tic strictures due to lye in five and paint 
remover in one. One died 4 years later from 
accidental trauma while the others survive 
from 18 to 122 months averaging 5.8 years. 
All had dense obstructing and lengthy stric- 
tures and had undergone repeated bougie- 
nage. Complications were few in this group. 
All swallow satisfactorily. 

Of the 33 patients who had resections 
and esophagocoloplasties for malignancy 
four had primary involvement in the stom- 
ach and 29 had primary involvement in the 
. esophagus. 

The four patients who had carcinoma 
of the upper stomach extending into the 
esophagus are dead of carcinoma. Survival 
time averaged 1 year following operation. 
Three of the patients had radical esophago- 
gastrectomies including splenectomy, and 
partial pancreatectomy. Advanced disease 
was present with regional lymph node me- 
tastases in all at first diagnosis. Two had 
associated liver metastases which were 


TABLE 2. Colon Bypass in 10 Patients 
Complications 


í Atelectasis- 

1 Stenosis cervical anastomosis 
1 Stomal ulceration-cologastric 
2 Transient cervical fistula 


TABLE 3. Esophagectomy with Bypass (45) 


Benign 12 Malignant 33 
2 Varices 4 Stomach 
4 Stencsing esophagitis (H. H.) ^ 29 Esophagus 
6 Lye stricture 


grossly evident and resected, and both died 
of overwhelming liver metastases 15 months 
later. One patient was a 29-year-old medi- 
cal student who underwent chemotherapy 
for 1 year with the erroneous diagnosis of 
hiatus hernia. 

The 29 patients who had esophagectomies 
and esophagocoloplasties for squamous 
esophageal carcinoma survived from 1 to 
125 months averaging 38.6 months. Eleven 
patients (38%) are alive from 28 to 125 
months since operation averaging 6.7 years. 
Among the 18 who died the survival time 
was 1 tc 46 months averaging 13.1 months. 
Three died in the postoperative period for 
an operative mortality in this group of 
10.3% (Tables 6 and 7). 

The body weight prior to therapy, while 
uncertain in a.few patients, generally de- 
clined. Among those alive there was a loss 
of 7 to 58 pounds prior to operation, aver- 
aging 25 pounds. Among those dead the 
body weight varied from no loss to 40 
pounds, averaging 23 pounds. Following 
operation there was a continuing loss in 
most patients. Among those alive three 
have shown no essential change, four have 
lost an average of 16 pounds, and four have 
gained an average of 9 pounds. 

The vast majority of patients failed to 
gain weight in the interval between x-ra- 


diation therapy and operation, and most 
showed a slight decline. 


TABLE 4. Esophagectomy with Bypass (45) 


— 


Benign 12 Survival 
2 Varices 

4 Stenosing esophagitis 
6 Lye stricture 


6-72 Mo. (Ave. 39) 
6-57 Mo. (Ave. 42) 
18-122 Mo. (Ave. 70) 
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TABLE 5. Esophagectomy with Bypass (45) Benign 12 


Complications 


1 Wound infection 

1 Focal atelectasis 

1 Cologastric anastomotic bleeding 
2 Pneumonia 

1 Empyema 

1 Intestinal obstruction 

2 Regurgitation 


With the exception of one patient with 
cervical esophageal carcinoma who had re- 
ceived x-ray therapy for carcinoma of the 
larynx 12 years earlier, all patients received 
preoperative supervoltage x-radiation ther- 
apy. The interval between x-ray therapy 
and resection varied from 1 to 4 months, 
averaging 2.3 months in the survivors. The 
interval varied from 1 to 4 months with an 
average of 1 month in those deceased. 'The 
risk status of the patients was clinically 
judged by weight behavior, strength, asso- 
ciated disorders, pulmonary function, and 
serum protein levels which was the chief 
determinant in setting the interval If risk 
status seemed satisfactory and was not 
likely to improve after the conclusion of 
x-ray therapy, operation was advised within 
1 month. At the conclusion of x-ray ther- 
apy if the risk status was marginal or un- 
satisfactory, time was extended for im- 
provement with efforts directed to specific 
factors, foremost among which was nutri- 
tion. X-ray therapy was administered at 
the rate of 300 rads daily Monday through 
Friday for a total dose of 4,500 rads in 3 to 
4 weeks. A 2 MEV machine was used with 


TABLE 6. Esophagocoloplasty 








Operative 

Mortality 
` All cases 5/55 9.9% 
Benign 0/14 0% 
Malignant 5/41 12.2% 
Bypass only 2/10 20.0% 


Resection -+ bypass (A11) 3/45 6.6% 
Resection -+ bypass (Ca) 3/31 9.7% 


pnn——————ph un — anne 
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TABLE 7. Esopkageciomy with Bypass 


CA of 
Esophagus 
(23) Survival 
Number Per Cent Ave. Survival 


Total 29 100 


38.6 Months (1-125) 
Alive 11 38 


6.7 Years (2-10) 


[ Years Alive: 10, 10, 9, 8, 7, 7, 6, 5, 4, 3, 2] 


8 cm. width and 16 cm. length anterior, 
posterior, and lateral ports. 

Prior to esophagocoloplasty the colon is 
assessed by barium enema x-ray and sig- 
moidoscopy. Colon preparation included 
magnesium sulfate catharsis, saline enemas, 
and Salfathalidine with Neomycin or Kan- 
trex given orally. The technic of esopha- 
gectomy and esophagocoloplasty has been 
described in more detail elsewhere.* !? Es- 
sentially it involves the use of right cervi- 
cal, rizht thoracic, and abdominal incisions. 
Laparotomy is done first. A sufficiently long 
segment of the transverse and left colon is 
dissected from the omentum and peritoneal 
attachments preserving the nutrient middle 
colic and marginal blood vessels. The best 
arrangement for the vascular pedicle usu- 
ally requires an antiperistaltic position of 
the colon transplant which seems unimpor- 
tant to its later function. If possible, two 
teams work simultaneously within the ab- 
domen and the right thorax. If not possible, 
the abdominal phase of the procedure is 
concluded with the patient supine. The 
thoracic and cervical portions of the pro- 
cedure are subsequently done with the pa- 
tient in the lateral position having the right 
side up and using fresh instruments after 
repositioning and preparing the patient. 
The two-team approach shortens the aver- 
age 6-hour procedure by 1 to 2 hours but 
requires careful positioning of the patient 
in the right semi-lateral position. The ab- 
dominal phase of the procedure includes 
anastomosis of the proximal colon trans- 
plant to the antrum or body of the stom- 
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ach, pyloroplasty, anastomosis of the colon 
(colocolostomy), and temporary Stamm 
gastrostomy. The vascular pedicle of the 
colon transplant is routed posterior to the 
stomach and duodenum, and must be free 
of tension. The colon transplant is carefully 
placed in the bed of the resected esophagus 
avoiding spiral twist and angulation. 

The cervical phase of the procedure en- 
tails anterior border sternomastoid incision, 
division of the omohyoid muscle and mid- 
die thyroid vein, mobilization and exposure 
of the cervical esophagus, and anastomosis 
of the transected cervical esophagus to the 
distal end of the colon transplant. Care is 
given to all anastomoses using interrupted 
fine absorbable suture for the inner full 
thickness layer and interrupted fine non- 
absorbable sutures for the outer layer dur- 
ing which the seromuscular coat of the 
colon is telescoped over the inner suture 
line. The completed operation is schemati- 
cally illustrated in Figure 1. 

Pathological study of the surgical speci- 
mens among the 11 patients now alive 
showed no residual tumor in one, the pri- 
mary tumor contained within the wall of 
the esophagus in six, and invasion through 
the wall in four. Among the latter one pa- 
tient survives 9 years having had azygos 
vein invasion which was resected, one sur- 
vives 8 years after resection of an irradiated 
tumor which was shaved from the trachea 
with no subsequent therapy given, one 3 
years after a similar problem, and one 2 
years after resecting tumor attached to the 
left lung hilum. Lymph node metastases 
were absent in nine of the survivors, re- 
gionally positive in one 8-year survivor and 
simply removed from the neck in one 2- 
year survivor having a mid-thoracic level 
primary. 

Complications occurred frequently in the 
29 patients with carcinoma of the esopha- 
gus who had esophagectomies with bypass. 
As shown in Tables 8 and 9 non-fatal com- 
plications were noted early among 14 pa- 
tients. Air leak from bronchopleural fistula 





Fic. 1. Completed thoracic ao hagertomy with 
esophagocoloplasty. Colon bypass placed in esopha- 
geal bed. Temporary gastrostomy tube shown with 
pyloroplasty and colon anastomosis. 


which occurred in two patients ceased 
spontaneously at 5 days in one. In the other 
patient reoperation was required in 18 
days. Both patients demonstrated non-de- 
bilitating evidences of x-radiation fibrosis 
of the lungs. The interval between x-ray 
therapy and esophagectomy was 3 months 
in one and 4 months in the other. The x-ra- 
diation effects probably played a part in 
the formation of the bronchopleural fis- 
tulae. 

Thoracic duct fistula which occurred in 
two patients required reoperation in both: 
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TABLE 8. Esophagectomy with Bypass 
CA Esophagus (29) 





Non-fatal Complications Late (9) 





Coloesophageal anastomotic stenosis (2) 
Cologastric anastomotic stenosis (1) 


X-radiation fibrosis of lungs (2) 
Diffuse alveolitis (1) 
Adhesive intestinal obstruction (2) 
Spiral twist (1) 





at 21 days in one and 20 days in the other. 
The debilitating effects of such fistula along, 
with a poorly understood associated diffuse 
aveolitis in one patient almost produced a 
fatal outcome. At initial esophagectomy the 
thoracic duct was recognized and resected 
with extensive regional lymph node metas- 
tases. The duct was doubly suture ligated. 
The postoperative chylous drainage came 
from dilated ductules which were most 
difficult to control at the time of reopera- 
tion. Persisting drainage 8 days after re- 
operation led to the intrathoracic instilla- 
tion of 25% silver nitrate solution which 
stopped this problem. The patient now sur- 
vives 2% years since resection. The other 
patient with surgically controlled thoracic 
duct fistula, died 9 months following resec- 
tion with prominent ascites, leg edema, and 
right hydrothorax. 

The three patients who died were ex- 
amined at autopsy. One patient with me- 
tastases in the right auricle and mediasti- 
num had cardiac arrest at the conclusion 
of esophagectomy when moved from the 
operating table to a stretcher. Cardiac re- 
suscitation was successful. He later died of 
staphylococcal pneumonia 1 month after 
operation. Cardiac metastases likely in- 
duced the arrest from blockage of blood 
flow from the right auricle. Multiple pul- 
monary emboli from fibrinoid bodies pres- 
ent within the trabeculae of the right ven- 
tricle caused the death of a second patient. 
This problem first became manifest 8 days 
after operation when pulmonary emboliza- 
tion occurred. The origin of these bodies is 
thought to be due to x-radiation carditis. A 
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third patient died as a result of pancreatitis 
and secondary bronchopneumonia. Autopsy 
disclosed, in addition, acute yellow atrophy 
of the liver. The pancreatitis was induced 
by the technical error of improper dissec- 
tion of the cardia of the stomach which led 
to splenic hemorrhage and pancreatic tail 
injury. 


Discussion 


Esophagocoloplasty has been demon- 
strated to be safely applicable to a wide 
age range. In this series the ages ranged 
from 2 to 73 years. In the young, the colon 
transplant apparently grows with the pa- 
tient as demonstrated in the six patients 
under 20 years of age, with follow-up to 7 
years after operation. As advised by Lund- 
blad,” the colon transplant should not be 
redundant in children. 

Esophagocoloplasty without esophagec- 
tomy may at times be indicated when 
esophageal carcinoma is unresectable to 
provide a palliative swallowing conduit. In 
this series two of eight such patients died 
as a consequence of the procedure produc- 
ing an operative mortality of 25%. One of 
the deaths was likely preventable but none- 
the-less, the mortality of such an undertak- 
ing must be carefully weighed against the 
likely palliation to be achieved, especially 
if the metastases are extensive and the risk 
status is poor. The six survivors died as a 
result of carcinoma from 3 to 17 months 


TABLE 9. Esophagectomy with Bypass 
CA Esophagus (29) 


Non-fatal Complications Early (14) 


Pneumonia (2) 
Shigella Dysentery -- aur. fib. (1) 
Acidosis (1) 
Cologastric stenosis (1) (re. op. 30 d.) 

Wound infection (1) 
J. buckle of colon by-pass (1) 
Transiznt left brachial palsy (1) 


Transient right recurrence laryngeal n. Palsy (1) 
Transient upper GI bleeding 

Bronchopleural fistula (2) 
Thoracic duct fistula (2) 
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after esophagocoloplasty, averaging 9.5 
months. All swallowed fairly well up to 
the time of death but early complications 
of cervical fistula in two and cologastric 
stomal ulcer in one detracted from the pal- 
liation initially. 

A single-stage procedure is obviously 
beneficial to the patient if it can be car- 
ried out as safely as a multi-stage approach. 
In the light of this consideration the single- 
stage procedure is advocated. In this series, 
45 patients had single-stage esophagec- 
tomies and esophagocoloplasties. Three pa- 
tients died as a consequence of operation 
yielding an operative mortality of 6.7%. 
This mortality rate is considered accept- 
able even though there is no basis for com- 
parison to a comparable series done in mul- 
tiple stages. In this series, drawing from the 
experience of the ten patients who. had 
esophagocoloplasties alone when compared 
to the 45 who had esophagocoloplasties with 
esophagectomy, it is felt that the aggregate 
morbidity and mortality in the staged pro- 
cedure would exceed that in the single- 
stage procedure since these factors were 
greater in the esophagocoloplasty group, 
even though the operations were done on 
patients of fairly comparable risk status. 

The single-stage approach offers advan- 
tages which are not available in the two- 
stage approach in which the anterior medi- 
astinum is used to route the colon trans- 
plant. With perhaps a minor difference, a 
better blood supply to the proximal por- 
tion of the esophagus is preserved in the 
single stage when the transplant is routed 
in the esophageal bed and the inferior thy- 
roid vessels can be spared. These vessels 
are usually divided if the anterior medias- 
tinal route is used. Superior mediastinal 
compression of the colon transplant is vir- 
tually never a problem when placed in the 
esophageal bed in the single-stage ap- 
proach. In the two-stage approach the 
transplant must turn from the anterior por- 
tion of the mediastinum about the trachea 
to reach the proximal cervical esophagus. 


The transplant is also added to the superior 
mediastinal contents, rather than substitut- 
ing for the resected esophagus. Thus, in 
the two-stage approach compression of the 
transplant may necessitate partial resection 
of the sternum and clavicle. Compression 
of the colon transplant may prevent orderly 
swallowing and lead to a high incidence of 
aspiration pneumonia. In the single-stage 
procedure the cervical portion of the re- 
maining esophagus and the colon trans- 
plant, which is put in the esophageal bed, 


_can be more directly aligned and the anas- 


tomosis more accurately done. The anasto- 
mosis can be achieved without angulation 
or tension and is more apt to remain secure 
and functional. Exposure of this area in the 
single-stage procedure by virtue of the cer- 
vical and thoracic incisions is better than 
in the staged procedure when the colon 
transplant is brought through a mediastinal 
tunnel into the cervical wound. In the 
single-stage procedure the lower cervical 
esophagus may be dissected more safely 
and rapidly from the thoracic approach. 
Because of the latter, the recurrent laryn- 
geal nerves may be less likely harmed in 
the single-stage procedure. In the single- 
stage procedure the cervicothoracic ap- 
proach makes a dependable anastomosis 
more likely and would probably result in 
lower incidence of cervicocutaneous fistula 
formation. In this series no fistula resulted 
in the 45 patients having single-stage 
esophagectomies with esophagocoloplasty 
while two transient fistulas were noted in 
the ten patients who had esophagocolo- 
plasties alone. Cervical anastomosis is more 
dificult with esophagocoloplasty alone, 
such as is used in the first stage of the two- 
stage approach. Admittedly both patients 
who developed cervical fistulas in this se- 
ries had received high dosage x-radiation 
to the area. 

In a series of cases in 1961 Sherman and 
associates** reported the combined mor- 
tality rate in malignant disease for the two- 
stage procedure to be 16.2% in 132 cases, 
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while for the single-stage procedure it was 
40% in 45 cases. The mortality rate of 
9.9% in 33 patients who had single-stage 
esophagectomies and esophagocoloplasties 
for malignant disease would permit con- 
tinuation of the single-stage effort (Table 6). 

While esophagectomy and esophagocolo- 
plasty may be successfully done for stenos- 
ing esophagitis secondary to hiatus hernia, 
as applied to four patients in this series, it 
is felt that other approaches may be prefer- 
able. Dilatation of the stricture done from 
below via upper gastrotomy with repair of 
the hernia after the method of Hill may be 
more desirable and less morbid.* Experi- 
ence with this procedure, and that of the 
jejunal interposition of Merendino,® not in- 
cluded in this series, seem to offer a pre- 
ferred method of approach. At times the de- 
gree of esophageal stenosis prevents proper 
colon preparation for esophagocoloplasty. 

Esophagectomy with colon bypass is a 
formidable procedure for control of esopha- 
geal varices. When other approaches fail it 
may be successfully resorted to, as in the 
two cases of this series. 

The indications for operation in the six 
patients with caustic stricture followed the 
advice of Daly and Cardonna.® These indi- 
cations included an esophagus completely 
stenotic in which a lumen could not be es- 
tablished; marked irregularity and pocket- 
ing; fistula; severe periesophageal reactions 
or mediastinitis following bougienage; an 
esophagus which could not be dilated and 
maintained above a number 40 French 
bougie, or a patient who is unable or un- 
wiling to submit to therapy with the 
bougie. Esophagectomy is desirable in such 
instances to remove the ulcerated stric- 
tured esophagus which is more susceptible 
to development of carcinoma, perforation, 
or abscess.? 

The four patients having carcinoma of 
the upper stomach with extension into the 
lower esophagus represent a problem of ad- 
vanced disease with a strong tendency to 
regional metastases at the time of initial 
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diagnosis. It is difficult to achieve early 
diagnosis by either radiographic or endo- 
scopic means. By comparison to occur- 
rences handled differently, and not in- 
cluded in this series, it is felt that a pre- 
ferred method of surgical approach can be 
obtained by left thoraco-abdominal incision 
with resection and esophagogastrastomy. 

The encouraging results relative to op- 
erative mortality and long-term survival 
among the 29 patients who had esophagec- 
tomies and esophagocoloplasties for squa- 
mous esophageal carcinoma is attributed to 
careful patient selection, use of preopera- 
tive x-ray therapy, and reduced potential 
of local recurrence by total thoracic esopha- 
gectomy. Three patients died among the 
29 resulting in an operative mortality of 
10.4%. Eleven patients or 38% survived 
from 28 to 125 months after operation with 
an average survival of 6.7 years (Table 7). 
Among the survivors two had. the level of 
primary carcinoma at the cervical esopha- 
gus, two in the upper third thoracic esopha- 
gus, and seven in the middle third thoracic 
esophagus. One patient with a lower third 
thoracic lesion died 2 years after operation 
with no evidence of recurrence. On the 
basis of extensive studies and reports by 
Parker," preoperative x-ray therapy is ex- 
pected to suppress tumor activity and bulk, 
possibly reduce transplantability of tumor 
at operation, and possibly to enable resec- 
tion of an otherwise nonresectable lesion. 
One cf the outstanding benefits of such 
therapy has been restoration of swallowing 
ability which permits improvement in nu- 
trition by oral alimentation and improved 
healing potential Resectability rates ap- 
pear distinctly improved by the utilization 
of preoperative x-ray treatments. 

Total thoracic esophagectomy appears 
beneficial in gaining a proper margin about 
the primary tumor. Watson and associates !* 
have indicated from serial microscopic 
study cf esophageal carcinoma specimens 
that mucosal outcropping may appear up 
to 8 cm. from the primary tumor. Cancer 
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may be present beneath intact mucosa and 
extend for a considerable distance above 
and below the visible or palpable limits of 
the primary lesion. An in situ focus of car- 
cinoma was found 20 cm. from the primary 
tumor in one of the patients in this series. 
In Watson’s analysis of 79 patients who had 
subtotal resections of the esophagus, 45% 


had inadequate longitudinal margins. Scan- | 


lon ?? reported a similar study in which re- 
currence of tumor developed at the anasto- 
mosis in 45.6% of patients with subtotal 
resection. A pathology report of normal 
margins is not complete assurance against 
local recurrence, for embolic submucosal 
lymphatic spread may produce skip zones 
between neoplastic foci. Among the long- 
term survivors of this series the tumor has 
been contained within the pathologic spec- 
imen in six patients, absent in one, and in- 
vading azygos vein in one, the trachea in 
two, and the left hilum in one. Among the 
survivors with lymph node metastases there 
is one at 8 years in whom the regional 
nodes were involved, and one at 2 years 
with cervical nodes that were resected with 
the specimen. 

In performing esophagectomy and esoph- 
agocoloplasty it is mandatory that the tech- 
nic be adjusted to minimize time while per- 
forming cautiously the various steps involved 
to minimize complications. The proper use 
of electrocautery (Bovie Unit) with hemo- 
clips for hematosis is important among the 
technics used to save time. Great care is 
given to preservation of proper venous and 
arterial blood supply to the transplant seg- 
ment, The anastomoses must be carefully 
constructed by using segments of bowel 
having good blood supply and freedom of 
tension. The patient must have intensive 
nursing care and vigorous support in the 
postoperative period. 

Consideration of the varied and rather 
extensive complications reported in this 
' series may help to prevent some of these 
complications in future occurrences. 

Attention to pulmonary function before 


and after operation is important to reduce 
atelectasis and pneumonia. Cessation of 
smoking, frequent tracheal aspiration to in- 
duce effective cough, and the use of inter- 
mittent positive pressure inhalations are 
important. 

Vagotomy and a gastric drainage pro- 
cedure should always be done to reduce 
the potential for cologastric ulceration and 
stenosis. Ulcerations have been separately 
reported by Nardi ° and Battersby.” If heavy 
irradiation therapy has been used at the 
level of the cervical anastomosis, appro- 
priate drainage should be utilized to con- 
trol the potential for cervical fistula forma- 
tion. 

Thorough mechanical cleansing of the 
colon is mandatory. In one patient early in 
this series, improper preparation of the 
bowel led to fatal portal gas gangrene. If 
the colon is found to be improperly pre- 
pared at the time of operation esophagocolo- 
plasty should be postponed or the jejunum 
or stomach should be used as the esoph- 
ageal substiutte. 

Some degree of regurgitation is common 
after esophagocoloplasty and the patients 
must learn to swallow properly through the 
esophagocoloplasty. Oral alimentation, after 
radiographic demonstration of a competent 
leak-proof bypass, usually about the fifth 
postoperative day, must always be given 
with the patient in the upright position and 
the head of the bed should be kept per- 
manently elevated at least 30 degrees. 

During operation the wounds should be 
protected by moist pads to prevent undue 
contamination and cautious technic for 
maintenance of the sterile field throughout 
is imperative. Carefully planned and ex- 
ecuted positioning of the patient is impor- 
tant in this regard. 

Unusual diarrhea in the pre- and post- 
operative period indicates the need for stool 
culture in search of causative pathogenic 
organisms, such as one instance of Sal- 
monellosis in this series, which may require 
specific antimicrobial therapy. 
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Proper alignment of the colon bypass seg- 
ment without twist or redundancy is neces- 
sary. The colon bypass segment empties by 
gravity flow and redundancy interferes with 
such flow. 

While tube drainage of the chest will 
often take care of minor pulmonary air 
leaks, careful closure of such leaks prior to 
closure of the chest will minimize occur- 
rence of bronchopleural fistulas which may 
otherwise require secondary thoracotomy. 
Similar considerations pertain to fistulas 
from the thoracic duct. If the tumor invades 
the zone of the duct, very careful search 
for dilated collateral lymphatics should be 
undertaken so that these may be properly 
controlled by the application of suture liga- 
tures and hemoclips. 

Care must be given to prevention of in- 
jury to the spleen and pancreas in the upper 
abdominal dissection during the course of 
mobilization of the lower esophagus and 
upper stomach. 

The recurrent laryngeal nerves on either 
side of the esophagus in the neck should 
be identified, if possible, and protected 
from injury. Ineffective cough which results 
from such injüry may create serious post- 
operative pulmonary complications. 

The operative mortality is shown in Table 

6 which is felt to be an acceptable per- 
centage. The 20% bypass mortality is ex- 
cessive and could have been prevented in 
at least one patient by considering the fac- 
tors discussed above. Finally, it is believed 
to be important that the procedure be di- 
rected by an experienced individual or one 
particularly involved with the principles of 
such surgical procedures to obtain an ac- 
ceptable operative mortality. Moreover, it 
is felt that such operation should not be 
relegated to the occasional operator in this 
field or to unsupervised surgical residents. 
. Hopefully the experience presented in 
this report will be of aid to others working 
in this field and provide better understand- 
ing for the care of patients requiring this 
surgical treatment. 
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Summary 


This report concerns the experience of 
the author in the care of 55 patients who 
underwent esophagocoloplasty at the Med- 
ical University of South Carolina Hospitals 
during the past 10 years. Ages ranged from 
2 to 73 years. Single-stage esophagectomy 
with colon interposition was performed in 
45 patients, while in ten patients colon by- 
pass alone was done. The procedure has 
been used for lesions of the esophagus at 
all levels. 

Esophagectomy and esophagocoloplasty 
was performed in 29 patients for carcinoma 
of the esophagus, in four patients for car- 
cinoma of the stomach, and in 12 patients 
for benign esophageal lesions. The latter 
consisted of esophageal varices in two, caus- 
tic strictures in six, and stenosing esophagitis 
from hiatus hernia in four. 

Five patients died in the postoperative 
period yielding an operative mortality of 
9.1%; all had carcinoma of the esophagus. 
The causes of death at autopsy included: 
endocardial mural thrombi and pulmonary 
emboli, pancreatitis and renal failure, intra- 
cardiac metastases with pneumonia, gas 
gangrene of the portal system with necrosis 
of jejunum and liver, and pneumonia with 
mediastinal abscess. 

Transient cervical anastomotic leaks oc- 
curred in two patients. Previous high dos- 
age x-ray therapy had been given to the 
neck in both. Extensive complications are 
critically reviewed and include: anastomotic 
stenosis, thoracic duct fistulae, transient 
paralysis of the musculo-spiral and recur- 
rent laryngeal nerves, superficial wound in- 
fection, early and late intestinal obstruc- 
tion, stomal ulceration, stomal bleeding, 
atelectasis, pneumonia, portal gas gangrene, 
empyema, kinking of the colon transplant, 
regurgitation, and bronchopleural fistula. 

The condition of the patients and patho- 
logic findings of the lesions are based on 
results of the procedure. Follow-up survey 
is complete in all cases. 
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Among those having bypass procedures 
only, the average survival time was 16.6 
months. Except for one patient who had 
congenital tracheoesophageal fistula and 
one with stenosing esophagitis, all bypasses 
were done as palliative procedures for car- 
cinoma. | 

Among the 29 patients who had resections 
for carcinoma of the esophagus, 11 (3896) 
survive for an average of 6.7 years ranging 
from 28 to 125 months. The average survival 
time for all of the 29 patients is 38.6 months. 
All received preoperative x-radiation ther- 
apy. The technic of single-stage total tho- 
racic esophagectomy and esophagocolo- 
plasty conducted via abdominal, right chest 
and right neck incisions is briefly described. 

Among those with carcinoma of the stom- 
ach, none survive. The average survival time 
for the group is 12.2 months. 

Among the 12 patients with benign le- 
sions, all survived for an average of 57 
months. Following operation, one died at 
6 months from hepatic failure and another 
at 2 years from trauma. 
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technics. 


749 


3. Bigelow, N. H.: Carcinoma of the Esophagus 
Developing at the Site of Lye Stricture. Can- 
cer, 6:1159, 1953. 

. Clowes, G. H. A, Jr, Neville, W. E. and 
Gregorie, H. B,, Jr.: Esophageal Resection 
and Replacement with a Segment of Colon, 
in Cooper, P. (ed.): The Craft of Surgery. 
Boston, Little, Brown and Company, 2nd. 
ed., 1971, vol. 1, p. 438. 

5. Daly, J. F. and Cardonna, J. C.: Corrosive 

Escphagitis. Am. J. Surg., 93:242, 1957. 

ill, L, D.: An Effective Operation for Hiatal 

Hernia: An Eight-year Appraisal. Ann. Surg., 

116:681, 1967. 

7. Lundblad, O.: Late Results of Antethoracic 
Esophagoplasty. Acta Chir. Scand., 75:73 
1934, Cited by Sherman, C. D., Jr, an 
Waterston, D. Esophageal Reconstruction in 
Children Using Intra-thoracic Colon. Arch. 
Dis. Child., 32:11, 1957. 

8. Merendino, K. A.: The Surgical Treatment of 
Peptic Esophagitis by Jejunal Interposition. 
Current Surgical Management. Philadelphia, 
W. B. Saunders, 1957, p. 197. 

9, Nardi, G. L. and Glotzer, D. J.: Anastomotic 
Uleer of the Colon Following Colonic Re- 
placement of the Esophagus. Ann. Surg. 
152:10, 1960. 

10. Parker, E. F. and Gregorie, H. B., Jr,: Car- 
cinoma of the Esophagus. Current Problems 
in Surgery. Chicago, Year Book Medical Pub- 
lishers, Inc., April 1967, p. 45. 

1l. Parker, E. F. and Gregorie, H. B., Jr.: Com- 
bined Radiation and Surgical Treatment of 
Carcinoma of the Esophagus. Ann. Surg., 
161:710, 1965. 

12, Scanlon, E. F., Morton, D. R. and Waller, 
J. M.: The Case Against Segmental Resec- 
tion Used for Esophageal Carcinoma. Surg. 
Gynecol. Obstet., 101:290, 1955. 

13. Sherman, C. D., Jr., Mahoney, E. B, and Jones, 
T. I.: Esophageal Reconstruction with Retro- 
sternal Colon. Scientific Exhibit, American 
College of Surgeons, Chicago, October 1961. 

14. Watson, W. L., Goodner, J. T., Miller, T. R. 
and Pack, G. T.: Torek Esophagectomy; The 
Case Against Segmental Resection for Esoph- 
ageal Cancer. J. Thorac. Surg., 32:347, 1956. 


Ha 


The mortality rate, for example—9 per cent in 
55 colon transplants—is better than my mortality 
rate in attempting esophageal replacement by any 
means, and I think, probably better than the ma- 
jority of people who have attempted to treat these 
diseases. 

We are indebted, again, to Dr. Gregorie and 
to Dr. Parker for their continued efforts in the 
management of serious and debilitating diseases. 
These diseases include not only carcinoma, but the 
benign esophageal lesions which Dr. Gregorie has 
alluded to. 


I was interested, in reading Dr. Gregorie's paper, 


750 GREGORIE 


in his management of a number of postoperative 
complications. For example, two patients with 
carcinoma of the cervical esophagus had received 
about 6000 rads of high voltage radiation therapy 
before operation and each of these developed 
minimal leakage from the colo-esophageal suture 
lines, which closed spontaneously. Healing might 
be expected to be retarded following this amount 
of irradiation. 

I believe the improvement in survival of pa- 
tients with carcinoma which has been reported by 
Dr. Gregorie and Dr. Parker is due to two factors: 
first, the experience and skill of the operating 
surgeons and second, the use of preoperative 
radiation therapy. 

I would like to ask Dr. Gregorie whether he 
does agree that, aside from his own efforts, which 
I again would like to praise, the administration 
af radiation before operation, which has been 
practiced for several years, has contributed to 
improvement in survival rates. 


Dr. RHAvMoNp W. PosrLETHWAIT (Durham): 
Discussing Paper No. 14: Dr. Vansant has pre- 
sented an excellent, concise, and eminently prac- 
tical discussion of the lower esophageal ring, and 
we certainly have no major area of disagreement. 

His interesting correlation of the size of the 
ring with the symptomatology deserves emphasis. 
You will recall that in Schatzki’s large series of 
patients only four had difficulty swallowing when 
the diameter of the ring was greater than 20 mm. 
Perhaps from the standpoint of the ring only, we 
might ignore those in the 21 to 25 mm group. 
Schatzki found, however, that about one-third of 
these patients definitely showed a decrease in 
diameter of the ring, and some of these became 
symptomatic. Our experience has been similar. 

I agree that the ring is at the esophagogastric 
junction, in that the mucosal change is characteris- 
tically at the edge of the ring. Grossly, however, 
the ring is usually a centimeter or more above 
the junction of the tubular esophagus with the 
saccular stomach. This is probably of minor sig- 
nificance, as well of these patients have had hiatal 
hernias in our experience. 

Dr. Vansant does not believe direct operation 
of the ring is necessary, and generally this is 
true. In the occasional patient, however, excess 
fibrous tissue deposition in the submucosa makes 
dilatation difficult or impossible. In this situation 
two or three wedges of tissue might be removed 
from the ring. The sphincter competence is re- 
stored by appropriate hernia repair. The ring 
should not recur. 

I, too, would like to add my congratulations to 
Dr. Gregorie on a very remarkable paper. When 
you realize that in the reported series in the 
world literature the postoperative mortality rate 
in the cases of malignancy is 25 to 30 per cent, 
and with benign lesions from 7 to 10 per cent, I 
think this point alone demonstrates the excellence 
of his work. 
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Dr. Wisganp S. LORIMER, Jr. (Fort Worth): 
Discussing Paper No. 14: Dr. McCune, Dr. Sabis- 
ton: I address my remarks to Dr. Vansant’s paper 
about the distal esophageal ring. 

We have felt for a number of years that the 
distal esophageal lesions——-benign lesions—should 
be approached transabdominally. [Slide] In the 
case of the distal esophageal ring there are some 
that, as Dr. Postlethwait mentioned, will not 
respond to just pulling the hernia down and fixing 
it. They are fibrotic and have to be resected. We 
have used a method that I highly recommend, of 
inserting a Silastic catheter through an anterior 
gastrostomy opening in the cardia into the distal 
esophagus above the ring, inflating the balloon, 
and then pulling the esophagus down into the 
abdomen. 

[Slide] It is very easy to mobilize the esophagus 
with the catheter in place, pulling it down easily 
into the abdominal cavity. 

We agree with the thesis that was proposed by 
Paulson before this society several years ago, 
that when these rings are excised a mucosa-to- 
mucosa silk anastomosis should be accomplished 
in the resulting defect. 

[Slide] This shows an 8 mm. dilator going 
through the reconstructed mucosa of the distal 
esophagus with the silk sutures in place. 

This -o us is the way these should be done. We 
formerly felt—years ago—that this operation 
should be done through the chest, but now we feel 
that all distal benign esophageal lesions should 
be approached transabdominally. In the case of 
the stricture which will not respond to gentle 
dilataticn, the introduction of the Silastic catheter, 
pulling the esophagus down—also helps to mo- 
bilize it and keep the catheter in place, if you 
are goirg to do an esophageal hiatus hernia repair, 
until you have the diaphragm repaired posteriorly, 
resect the ring, repair the mucosal defect, and 
then close the gastrostomy. 

We have had no complications and have been 
very pleased with the results. 


Dr. Roperr Mason (Baltimore): Discussing 
Paper No. 15: I'd like to compliment Dr. Gregorie 
on his series, and in particular his mortality and 
success rates. I was a member of the group of 
Guesnsey et al, and would like to comment a 
little or. the matter of our results. 

First of all, all the patients reported in this 
series cf approximately 40 patients had cancer of 
the esophagus. Most of them received approxi- 
mately 6600 rads, and some a good deal more than 
that. The operation performed was essentially 
that in approach that was described by Dr. Greg- 
orie except that we more commonly used the stom- 
ach as the replacement, and found that it would 
reach the neck as well as did the colon, and saved 
one extra anastomosis. 

The complications that were described were 
largely, we felt, due to the effects of the irradia- 
tion. This was felt in two ways: first of all, radia- 
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tion pneumonitis, and, secondly, radiation myo- 
carditis. Radiation pneumonitis usually led us to 
utilize a tracheostomy tube and respirator. Inas- 
much as the balloon of the tracheostomy tube then 
rested just anterior to our gastroesophageal anasto- 
mosis, there was a frequent incidence of tracheo- 
anastomotic fistula. 

The other problems related more directly to 
radiation pneumonitis, and cardiac effects of ir- 
radiation. These effects were primarily those of 
myocardial failure, rather than those of pulmonary 
embolism or some other effect related to a fibrinous 
exudate from the heart. 

We had found that the presence of celiac metas- 
tases was associated with 100 per cent mortality 
from later metastatic disease, and kad taken this 
as a contraindication to resectional therapy, and 
utilized only palliative irradiation in these cases. 

Because of the problems related to radiation 
pneumonitis and myocarditis, two things have been 
done, one of which is to reduce the total amount 
of irradiation; and the second is that we have 
staged our reconstruction so that the radiation and 
resection are the initial procedure. If the patient 
survives this and lives for at least 6 months, then 
consideration is given to replacement by either 
antethoracic or retrosternal colon. These patients 
have been fewer in number, and number approxi- 
mately ten now, but have shown a gratifying im- 
provement in reduction of complications. 


Dr. JouN H. Vansant (Closing discussion of 
Paper No. 14): I congratulate Dr. Gregorie on a 
very fine review of his overwhelming surgical treat- 
ment of esophageal disease, compared to the 
rather conservative approach to which I alluded. 

Dr. Gregorie, who performs tremendous re- 
construction of the esophagus, mentioned that a 
conservative approach for strictures of the lower 
esophagus is indicated. He quoted the use of the 
Hil approach in repairing hiatal hernias with 
reversal of distal esophageal strictures. 

I would like to emphasize two points. In pa- 
tients with a lower esophageal ring which presents 
with the typical symptom of recurrent, painless, 
total obstruction, the ring can always be dilated 
easily, and it is not necessary to operate upon 
the ring. However, in the circumstances that Dr. 
Postlethwait and Dr. Lorimer mentioned, in which 
there is a marked stricture of the distal esophagus, 
you no longer simply have a symptomatic ring; 
you are now dealing with a new condition which 
has developed into a definite stricture. Just because 
it is a circular, ring-like stricture rather than the 
more traditional elongated stricture, I think means 
nothing. I have found that in many patients with 
either type of stricture which could not be dilated 
prior to operation, at the time of transabdominal 
repair the stricture could be dilated easily by hav- 
ing the anesthesiologist pass the bougie after the 
distal esophagus had been mobilized. If you can 
adequately dilate the stricture, all that is necessary 


is to repair the hernia and the stricture will reverse 
itself after the reflux has been controlled. 


Dr. H. B. Greconm, Jr. (Closing discussion of 
Paper No. 15): In regard to Dr. Mason's comment 
about the two-stage approach, I would say that 
there is not sufficient information to statistically 
decide this point from the case numbers presented 
in this report and done as a single stage. I do have 
the impression that there is a hint toward this; 
that being that in the colon bypass patients, num- 
bering ten, who were of comparable risk status, 
there were two deaths. One of these probably was 
a preventable death, but in any case 20 per cent 
mortality in that stage of what otherwise would 
be a two-stage procedure, contrasted with the 
lower mortality in the single-stage procedures with 
resection. This is being studied in some institu- 
tions, and it will take more time for a proper 
answer. With two stages, patients have the bypass 
brought up in an antethoracic channel. The bypass 
has to turn about the trachea to go posteriorly to 
the cervical esophagus. Something is added to the 
mediastinum which may require resection of por- 
tions of the manubrium or clavicle to create a 
sufficient opening for the swallowed food to move 
through. If the bypass is put in direct alignment 
in the esophageal bed, the swallowing function is 
better. Such is the case in the single-stage pro- 
cedure. Unquestionably, the dissection of the cervi- 
cal esophagus is aided by that which can be 
bluntly done through the chest and upward in 
the single-stage procedure and the nutrient inferior 
thyroid vessels which supply the cervical esopha- 
gus may more often be preserved. 

In regard to the two fistulae that Dr. Daniel 
alluded to, both of these patients had heavy 
x-radiation therapy to the cervical area; one, 6000 
rads for a carcinoma of the larynx 17 years before 
he had the carcinoma of the esophagus. These 
were the only two cases of fistula in the series. 
One important aspect of this is that the structures 
of the neck buttress the anastomosis, and if the 
bypass is brought up without tension and carefully 
sutured the likelihood of fistula formation is 
reduced. 

Some years ago Dr. Parker showed that the 
leading cause for operative mortality in esopha- 
gectomy was anastomotic leakage. If this leakage 
occurs in the chest, one gets empyema that these 
poor risk patients tolerate poorly. 

Preoperative irradiation has given distinct bene- 
fit, from past study, to the patients that we have 
surviving. All of its precise benefits are not known. 
It tends to shrink the tumor. It may somehow 
limit the catabolic influences of the viable tumor. 
It frequently permits restoration of a swallowing 
conduit, to allow for improved nutrition prior to 
operation. It does not seem to make the operation 
more difficult, but of itself may produce other 
complications, such as pulmonary fibrosis, which 
has been troubling in some of our cases, and 
perhaps injury to the heart at high dose levels, 
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WITH THE STRONG CONCERN in Washing- 
ton regarding the increased delivery of 
health care and the equally strong concern 
about the rapidly rising costs of medical 
care, the problem of health maintenance 
has come to the fore. While the entire 
medical effort is directed toward health 
maintenance, the connotation of this phrase 
is on prevention and prophylaxis as op- 
posed to curative medicine after disease 
has developed and advanced. 

For many years there have been depart- 
ments of preventive medicine but never of 
preventive surgery. Definition is difficult, 
but perhaps we can loosely define preven- 
tive surgery as surgical procedures under- 
taken in an asymptomatic or nearly asymp- 
tomatic individual because of indications 
that he might develop a serious illness if 
this step were not taken. The classical ex- 
ample is of course in the field of cancer 
where the very early lesion is often indis- 
tinguishable from its benign counterpart 
and where a decision has to be made 
whether to remove it or to leave it alone. 
Controversy has been conspicuous regard- 
ing the polypoid lesions of the colon above 
the reach of the sigmoidoscope, and re- 
garding thyroid nodules. Sometimes these 
lesions are referred to as pre-cancerous, 
but it is generally impossible to prove 
whether a lesion that becomes a cancer was 
a cancer all the time or whether it actually 
was a benign lesion with a propensity to 


change character. 
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There are many so-called pre-cancerous 
lesions. When a surgical procedure for the 
elimination of such a lesion entails a ma- 
jor operation, there is always the threat of 
mortality as well as morbidity. The desir- 
ability of engaging in preventive surgery 
clearly is judged by other factors as well 
as mortality rates, yet death is the para- 
mount risk so that it will be discussed pri- 
marily from that standpoint. 

Table 1 shows the incidence of malig- 
nancy among nodular goiters from a num- 
ber of reports published in the literature. 
Presumebly those that are malignant will 
eventually grow so that those patients will 
require operation sooner or later. In addi- 
tion, there will be some other patients who 
will devslop symptoms of such severity as 
to require operation. However, it is esti- 
mated that perhaps 90% of such nodular 
goiters could be left alone and yet will 
have to be removed if one is to practice 
preventive surgery for thyroid cancer. We 
need to know what the risk of such a pro- 
gram is, and this is best thought of in terms 
of the operative mortality in the benign 
cases multiplied by the fraction which are 
not only benign but would not have to be 
operated on for other indications. These are 
referred :o as the “innocent” lesions. 

Table 2 lists a series of statistics on op- 
erative mortality also drawn from the lit- 
erature. The cost of a large scale program 
would then be the operative mortality 
multiplied by the "innocent" lesions. 

The gain will accrue largely in those pa- 
tients who have cancer or who would de- 
velop it. Unfortunately we have no way of 
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identifying those who would develop it 
later, but we can enumerate those in whom 
cancer is found in the specimen when a 
nodular goiter is resected. It has long been 
a matter of clinical knowledge that those 
thyroid carcinomas in which cancer is found 
as an incident in the removal of a nodular 
goiter have a much better prognosis than 
those in which there is sufficient fixation of 
the gland and/or surrounding tissues so that 
the diagnosis of cancer is suggested on 
physical examination. The literature pre- 
sents statistics on five-year survivals in pa- 
tients in whom thyroid cancer has remained 
localized within the gland and for those 
patients in whom it has invaded surround- 
ing tissues. We believe that this difference 
is reflected in what one can palpate, in 
other words, that those thyroids which sug- 
gest cancer on physical examination gener- 
ally have invasion beyond the gland of 
origin. 

Table 3 presents the 5-year survival of 
those operated on prophylactically, and 
Table 4 presents the 5-year survivals of 
those in whom invasion has occurred and 
who are operated on, for the most part, as 
therapeutic procedures. The difference in 
the mortality rate of these two groups 
multiplied by the per cent of the total se- 
ries of patients who had cancer represents 
the saving of lives by a program of pre- 
ventive surgery. These figures are seen in 


Table 5, and it is pointed out that to justify - 


a program of preventive surgery the gain 
must be greater than the loss. How much 
greater it must be remains a matter of judg- 
ment. We are comparing permanent opera- 
tive deaths with 5-year survivals. Five-year 
survival does not mean as much with thy- 
roid carcinoma as with some other carci- 
nomas, but with no malignant tumors, is 
5 years an absolute end point? These 5-year 
figures are used because this is the stan- 
dard method of reporting and many figures 
are available in the literature. In the case 
of thyroid, assuming that the operative 
mortality is 0.596 for benign lesions, there 


TABZE 1. Preventive Surgery for Thyroid Cancer 
(Incidence of Carcinoma in Nodular Goiters) 


Cole et al.5 1949 8.095 
Beaars et al 1951 4.8% 
Perloff and Schneeberg 1951 5.2% 
Hom, R. C.8 1954 6.6% 


TABLE 2. Preventive Surgery for Thyroid Cancer 
(Operative Mortality for Simple T lryroidectomy) 


Number of Mortality 
Patients Rate 


Cattell 19534 2,700 0.18% 
Ross 1950! 500 0.5% 
Hermanson et al. 19527 200 0.5% 


TABLE 3. Carcinoma of the Thyroid ((S1) Five-year 
Survival for Patients in Whom Disease is Confined within 
ihe Thyroid Capsule at the Time of Operation) 





Horn ei al.8 1954 82% 
Ward* 1944 80% 
Portmann 1940 55% 

Average 72% 


* Exact figure approximated from the data published. 


TABLE 4. Carcinoma of the Thyroid ((S2) Five-Year 
Survival for Patients in Whom Disease Has Extended 
beyond the Thyroid Capsule at thé Time of Operation) 





Horn et al.? 1954 35% 
Ward* 1944 20% 
Portmann 1940 6% 

Average 20% 


* Exact figure approximated from the data published. 


TABLE 5. Advisability cf Removal of Thyroid Nodules 


D.5% Operative mortality (M) 
5.095 Incidence of cancer (C) 
84.0% Innocent lesions (estimated) (I) 
72.0% Five year survival—lesions 
confined within capsule (S;) 
20.0% Five year survival—lesions not 
confined within capsule (S:) 
ma; $22,232, 
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appears to be a 7 to 1 advantage in pro- 
phylactic removal of nodular thyroids. If 
one confined his indications to solitary nod- 
ules, it would be somewhat greater. 

In regard to colon polyps, Table 6 lists 
the incidence of malignancy in polyps 
above the reach of the sigmoidoscope. 

Table 7 lists the mortality figures for re- 
moval of benign polyps by laparotomy, co- 
lotomy, and polypectomy. 

Table 8 shows the 5-year survival rates 
for a general run of colon cancers, and 
Table 9 lists the 5-year survival rates for 


TABLE 6. Incidence of Malignancy in Large Bowel 
Polyps Removed Transabdominally 


No. % 

No.of Malg-  Malig- 

Pts. nant nant 

Bacon (1956) 149 21 14.1 
Cattell (1949) 78 19 25.0 
Deddish (1959) 113 28 24.8 
Klein (1952) 100 23 23.0 
Welch (1952) 102 24 23.5 


we —m RL 


542 115 21.2 


Exclusive of Grade I, there were 26 among 362, or 
7.1%. Cf. Grinnell (1959), in which there were 69 
carcinomas exclusive of Grade I among 1,206 cases or 


5.7%. 
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those which are discovered incidentally 
when polyps are removed. In the case of 
colon polyps there is considerable argu- 
ment regarding Type I carcinoma or carci- 
noma in situ as it is variously called. If one 
adopts the point of view that such histo- 
logic changes are essentially without fu- 
ture prcgnostic value even if the polyp is 
left in place, then the advantage of their 
removal at an operative mortality rate of 
0.5% is 8 to 1 (Table 10) with an opera- 
tive mortality of 1%, this would drop to 
4 to 1, and with. an operative mortality rate 
of 4% there would be no advantage, and 
the procedure should certainly not be done. 
If one adopts the point of view that these 
carcinomas ín situ are dangerous and would 
advance to threaten the patient's life, then 
the advantage of removing such lesions 
would be of the order of 29 to 1 at an op- 
erative mortality of 0.596 (Table 10). 

Thus, it is evident from published sta- 
tistics that a case can be made for removal 
of nodular thyroids and colon polyps above 
the reach of the sigmoidoscope but only if 
operative mortality rates can be kept low. 
This should spur us further in our efforts to 
make surgery safe and to achieve the low- 
est possible operative mortality rates. It 
should also lead us to recognize that in in- 
dividual cases where the operative risk is 
obviously increased well above the aver- 
age it may be unwise to do prophylactic 
surgery.1° Above all, this kind of considera- 
tion leads one to recognize the importance 
of gathering accurate statistics so that a 
broad range of clinical experience will be 
recorded which can be utilized in making 
this kind of judgment. 

Preventive surgery finds its prototype in 
the cancer field, but it is much broader 
than that. Even more important as a cause 
of death in the United States than cancer 
is heart disease, and much of this is due of 
course to arteriosclerosis. Arteriosclerosis is 
likewise the major cause of cerebrovascular 
accidents and of many other human disor- 
ders. There are a number of factors which 
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have been correlated with the incidence of 
cardiovascular deaths beyond the age of 
40 in men. A few of these factors are shown 
in Figures 1, 2, and 3 which are taken from 
the Albany prospective study and pub- 
lished by Doyle.* 

Preventive surgery has been undertaken 
for relief of intractable obesity and hyper- 
cholesterolemia. A number of surgeons 
have been keenly interested in side-track- 
ing the small bowel in individuals with 
gross pathologic obesity. The first such 
cases that I noted were done by Dr. Man- 
rico Troncelliti of Norristown, Pennsyl- 
vania.!? By dividing the jejunum and anas- 
tomosing the proximal end to the large 
bowel and simply closing the other end so 
that it lay as a defunctionalized loop in 
case of future need, he was able to induce 
weight losses of 100 Ib. to 200 Ib. in some 
of his very obese patients. His series, which 
has not been published recently, now ex- 
ceeds 100 patients. Scott?? of Nashville, 
Tennessee, has presented an important and 
very carefully studied series of similar 
cases, Payne and DeWind ? of Los Angeles 
have published a series of 80 patients, and 
it is partly through their work that the 
anastomosis to the colon has been largely 
given up and 14 inches of proximal jejunum 
anastomosed to the distal 4 inches of ileum. 
Measurements are made along the mesen- 
teric border. Using this system, extensive 
weight Joss has been the rule. In general, 
the patients’ weights have not dropped be- 
low normal, but it is of course always 
possible to anastomose portions of the 
bowel Joop into alimentary continuity again 
should a particular individual over-react to 
the procedure. . 

Buchwald and Varco and their associ- 
ates ^? have focused on patients with hy- 
percholesterolemia and now have a series 
of 110 patients in whom they have side- 
tracked only the ileum, leaving all or most 
of the jejunum in continuity. These pa- 
tients failed to absorb vitamin B-12 ade- 
quently so that this must be supplied to 


TABLE 7. Operative Mortality for Colotomy—Hospital of 
the University of Pennsylvania 


Number of 
Indications Cases Died Per Cent 
Foz polyp 295 1 0.3% 
For all 
indications 333 2 0.6% 


TABLE 8. Five-year Survival of Patients with 
Diagnosts of Colon Carcinoma 





No. Pts. Alive 5 Years 

Buser (1950) 118 50 (42.4%) 
Postlethwait (1958) 344 66 (19.2%) 
Colcock (1957) 103 23 (22.3%) 
Bacon (1957) 270 143 (52.9%) 
Smith, R. A. (1967) 2,148 667 (31.0%) 
2,983 940 (33.6%) 


TABLE 9. Survival after “Propivylactic’ Removal of Large 
Bowel Polyps Showing Malignancy 


No. 

Pts. Alive 5 Years 
Lochridge (1958) 206 166 (80.695 
Grinnell (1958) 18 17 (94.490) 
Calvert (1948) 14 13 (92.899) 
Fisher (1952) 11 11 (100.0%) 
McLanahan (1949) 12 1i (91.792) 

261 218 (83.5) 


them parenterally. Otherwise, after a pe- 
riod of adjustment they have little altera- 
tion in physiology. Most have regained 
their normal weights and diarrhea has not 
been a severe problem. Few patients have 
more than four stools a day, and many have 
relatively normal bowel patterns. These au- 
thors have accepted patients only after a 
3-month trial of a rigorous anticholesterol 
diet, but such diets have induced a reduc- 
tion in the blood cholesterol of only 1196 
on the average. When the operation is 
added and the diet continued, a further re- 
duction of 40% is achieved or an overall 
reduction of somewhat more than half. The 
careful physiologic studies of this group 
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Conc. of C. V. Dis., 35:81, 1966.) (Reproduced 


by permission of the American Heart Association, 
Ine. and the author.) 


show that the cholesterol pool, both the 
total pool, the freely mobilizable pool, and 
the slowly mobilizable pool are reduced in 
the same general order of magnitude. They 
have had one operative death in this series 
and five later deaths during the course of 
the 7-year period over which the patients 
have been operated on. It is difficult to 
judge accurately the effect of this proce- 
dure on longevity, but Buchwald thinks that 
a series of patients with arteriosclerotic car- 
diac disease with mortality rates as high as 


TABLE 10. Advisability of Prophylactic Removal of 
Colon Polyps When Laparotomy is Required 


If we take 21.2% as the cancer incidence 
0.5% as the operative mortality 
83.0% as the 5-year survival after '"prophy- 
lactic" removal 
34.0% as the 5-year survival for all colon 
cancers 
70.0% as the incidence of “innocent” lesions 


Gain _ 21.2(83 — 34) 
Los 05X70 





Then 


If we take 6% as the incidence of invasive carcinoma 


qua, 95 _, 9(83 — 34) _ 294 84 
© Dus. 2059 20" p d 
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Fic. 3. Probability of developing coronary 
heart disease in men after age 40—total popula- 
tion as related to blood pressure. (Doyle, J, T., 
Mod. Conc. of C. V. Dis., 35:81, 1966.) (Repro- 
duced by permission of the American Heart Asso- 
ciation, In». and the author.) 


25% is likely to have been a fairly com- 
parable group of patients. 

Clearly, it will take more and longer 
series to establish the efficacy and the indi- 
cations for these side-tracking procedures. 
It does seem fairly clear however that obe- 
sity is probably the most common dietary 
disease seen in the United States. The 
relation between obesity and hypercholes- 
terolemia is far from being a straight cor- 
relation, and the relationship between hy- 
percholesterolemia and atherosclerosis is 
likewise by no means a straight-line rela- 
tionship. Furthermore, the relation be- 
tween atherosclerosis and its complications 
is variable in the individual case. Clearly, 
however, there is an overall relationship in 
large groups between obesity on the one 
hand and hypercholesterolemia on the 
other and death rates from cardiovascular 
diseases. We cannot estimate the dimen- 
sions of this field nor the alternatives which 
psychiatry and diet therapy may provide 
in the future. It has, however, been estab- 
lished that there are surgical procedures 
which will have a positive effect in correct- 
ing pathologic obesity and in improving 
hyperchclesterolemia. Their application and 
further evaluation are sure to be a very im- 
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portant part of health maintenance and of 
preventive surgery. 

As one looks at the various surgical spe- 
cialties, many other instances are evident. 
The badly deviated nasal septum, while it 
may be asymptomatic early in life, may be 
the cause of significant and debilitating si- 
nusitis later in life. Inequality of the leg 
length of moderate degree may be well 
tolerated by the child and yet lead to sco- 
liosis, respiratory impairment, and endless 
difficulties later in life if it is uncorrected. 
Strabismus if uncorrected is apt to lead to 
loss of useful vision in one eye which may 
be a significant disadvantage later on in a 
professional endeavor. 

Thus, one could cite many, many areas 
of surgery which are an essential portion of 
health maintenance. In this era of increased 
emphasis on prevention in addition to cure, 
it behooves us to study our potential con- 
tributions to health maintenance and to 
ask ourselves whether we are taking ad- 
vantage of the opportunities and in this 
way fulfilling our responsibilities to save 
people from long illnesses by offering them 
relatively safe operations at an early stage. 

In summary, a brief discussion of the 
role of surgery in health maintenance has 
been presented. It has been pointed out 
that many surgical procedures needed in 
prevention of later serious illness carry a 
significant mortality and morbidity in their 
own right. An abbreviated method of com- 
paring the risks and anticipated gains of 
preventive surgery in two fields related to 
cancer has been presented with emphasis 


DISCUSSION 


Dr. H. Wum Scorr, Jr. (Nashville): It is a 
privilege to hear this very well-thought-out and 
timely paper of Dr. Rhoads. He disappointed 
some of us a little bit, in that he did not talk about 
the health maintenance organizations per se, but I 
think his emphasis on the subject of preventive 
surgery is very important. 


placed on the essential role of the operative 
mortality rate in the removal of the benign 
lesion in justifying such programs. It is sug- 
gested that the whole field of preventive 
surgery, not only in cancer and arterioscle- 
rosis but in many of the special fields of 
surgery, deserves reconsideration and in- 
creased emphasis. 
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I would like to sav a few words about the sub- 
ject of distal intestinal bypass for hypercholes- 
terolemia, an operation designed to prevent the 
progress of atherosclerosis, and also a few words 
about the more extensive intestinal bypass pro- 
cedures which are done for morbid obesity. 

[Slide] First, in regard to the use of the in- 
testinal bypass principle for prevention of the 
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progress of atherosclerosis, let me point out to 
you that this represents an application of new 
knowledge about intestinal absorption. This slide 
lists some of the essential nutrients that are ab- 
sorbed by active transport or energy transferring 
absorption mechanisms, usually related to spe- 
cific enzymes, in various parts of the small bowel. 

[Slide] The next slide shows the diagram of 
the simple distal intestinal bypass procedure 
which Drs. Buchwald and Varco at Minnesota 


have been utilizing in patients with hyperlipidemia 


and this illustrates the application of knowledge 
of specific transport mechanisms which facilitate 
bile acid absorption. Ás a result of ideal bypass the 
bile acids which are normally absorbed actively 
in the terminal ileum are lost in the stool, and a 
metabolic drain is placed on the total body pools 
of cholesterol, as Dr. Rhoads mentioned. 

[Slide] The next slide shows what can be ac- 
complished in the experimental animal by doing 
this, The specimen above shows the opened aorta 
of a monkey which has been on an atherogenic 
diet for 12 months, but also had the protection 
of limited distal intestinal bypass—only 25 per 
cent of the length of small bowel. There is no 
atheroma. 

The one below shows a Sudan IV stain of aorta 
of an animal which is a control on the same diet 
with severe atheroma. These experimental re- 
sults have been repeated by our group and by 
Buchwald and Varco. | 

Whether lowering lipids will have a specific 
effect on longevity in patients, as Dr. Rhoads men- 
tioned, remains to be seen, but the concept needs 
to be tested by careful, controlled clinical appli- 
cation. 

[Slide] This fellow presents a totally different 
problem. He represents the form of massive obesity 
(550 Ibs.) that we have very little information 
about. We know that “ordinary” obesity increases 
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the incidence of hypertension, of diabetes, or 
coronary disease, and shortens life expectancy. 
The massively obese patient of this type can be 
expected to share in these life-threatening prob- 
lems, and if one uses the bypass principle here, 
[slide] he must use something that is totally dif. 
ferent than in the patient with hyperlipidemia. 
Because of the huge intake of calories, these 
obese individuals need to have their specific ab- 
sorptive mechanisms reduced to an extreme de- 
gree; namely, only a few inches of jejunum are 
left, anastomosed to a few inches of ileum; and 
unless verv, very strict reduction of intestinal 
absorptive surface of this degree is carried out, 
these people will not lose any weight at all. 

Whether they will have their lives prolonged by 
this effort still remains to be determined. 


Dn. joNATHAN E. Reoaps (Closing): I want 
to thank Dr. Scott, who has contributed so 
excellently to this field with his very carefully 
studied series of massively obese patients. 

Yesterday Dr. Welch raised the question of re- 
moval of the second breast after carcinoma in the 
first breast, pointing out that there might be up to 
13 per cent occurrence of carcinoma there. We 
indulged in a series of studies of what might be 
saved in the way of cancer deaths in women if 
their several organs were dispensed with after the 
childbearing age, or perhaps at the age of 40 
if they had their families, and it forced us to the 
interesting conclusion that one does not think en- 
tirely in terms of longevity. 

It is relatively safe to sweep out the pelvis, and 
save the dezths from the uterus, from ovaries, and 
the breasts, and it was calculated that the aver- 
age woman would have about 2 years longer life. 

I think the real reason we do not do it is 
rece of its adverse effect on the quality of 
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Sepsis and Gastrointestinal Bleeding 
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and the Cincinnati General Hospiial, Cincinnati, Ohio 


THE ASSOCIATION of serious upper gastro- 
intestinal hemorrhage with the acute phase 
of sepsis has become increasingly apparent 
during a 15-year study of patients with 
septicemia on the Surgical Services of the 
hospitals of the University of Cincinnati. 
This association has become more obvious 
in the past 6 years, upper gastrointestinal 
bleeding having been documented in ap- 
proximately one third of the surgical pa- 
tients with septicemia.” $ 

The occurrence of this complication added 
greatly to the life-threatening situation in 
these patients who also had or had had epi- 
sodes of septic shock in the majority of in- 
stances. In most of the patients the onset of 
Spiking fever, frequently to 104?—106? F., 
was followed within 12-48 hours by the 
sudden appearance of blood in the stools 
and often in the vomitus or nasogastric re- 
turns. Ín some, however, the hemorrhage 
appeared as soon as 6-8 hours. 

Such patients presented many problems 
which complicated their management. In 
addition to those related to the diagnosis 
and treatment of their sepsis and septic 
shock, other difficulties included the recog- 
nition of the source of the bleeding, the de- 
termination of any associated blood coagu- 
lation defects, and the introduction of ef- 
fective methods of treatment. 
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The occurrence of gastrointestinal bleed- 
ing was frequentlv ascribed to "stress" by 
many of the physicians who encountered it 
in their patients with septicemia. However, ` 
hemorrhage and coagulation disorders have 
been recognized as serious and perplexing 
complications which have occasionally oc- 
curred in patients with serious surgical in- 
fections. More recent experience has fo- 
cused attention on the possible role of 
surgical infection in the spontaneous devel- 
opment of gastrointestinal hemorrhage.*- 
However, relatively little is known about 
the causal relationship of sepsis to this com- 
plication. 


Material and Methods 


To obtain more information pertaining to 
the nature, better diagnosis, and more ef- 
fective treatment of gastrointestinal hemor- 
rhage associated with sepsis, a retrospective 
and ongoing study has been made of a se- 
ries of 54 patients during the past 6 years. 
These were treated primarily on the Surgi- 
cal Services of the Cincinnati General Hos- 
pital, the Cincinnati Veterans Administra- 
tion Hospital, the Christian R. Holmes Hos- 
pital, and the Cincinnati Shriners Burns 
Institute between January 1, 1966, and De- 
cember 1, 1971. 

Consultative cases seen by the senior au- 
thor during this same period were also in- 
cluded. 

The patients chosen for inclusion in the 
study were those who had a clinical com- 
plex compatible with the diagnosis of sep- 
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ticemia with one or more positive blood 
cultures and who developed gastrointesti- 
nal hemorrhage during the acute phase of 
the sepsis. Patierits without positive blood 
cultures were eliminated from the study as 
well as those patients in whom gastrointes- 
tinal hemorrhage preceded or followed the 
acute septic interval. 

All patients included were studied with 
respect to a variety of factors including age 


TABLE 1. Monomicrobial Septicemia in 39 Patients 





No. Cases Per Cent 





1. Pseudomonas 8 20 

2. Klebsiella-aerobacter 7 18 

3. E. coli 7 18 

4. Serratia 6 15 

5. Enterobacter 3 8 

6. Others 8 20 
Total. 39 
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and sex distribution, types of sepsis, the 
types of prior antibiotic therapy, etiologic 
agents, associated clinical symptoms and 
signs, the sources of the sepsis, the septic 
interval prior to bleeding, the pathologic 
types cf hemorrhagic lesions, coagulation 
studies, and the incidence of mortality. 


Results 


Of 54 patients with septicemia compli- 
cated by serious gastrointestinal hemor- 
rhage, 35 were male and 19 were female 
giving a ratio of approximately 2 to 1. The 
youngest patient was a newborn premature 
infant and the oldest was 79 years. There 
were three peaks of highest age incidence, 
the first being in newborn infants, the sec- 
ond peak occurring in the fourth and fifth 
decade, and the third in the very aged 
(Fig. 1). 

The septicemia in 39 of the 54 patients 
was monomicrobial, and 15 more had poly- 
microbial sepsis. The more common micro- 
organisms producing monomicrobial sepsis 
were Pseudomonas in 20 per cent, Klebsi- 
ella aerobacter in 18 per cent, E. coli in 18 
per cent, and Serratia in 15 per cent (Ta- 
ble 1). 

The septicemic states were found to be 
polymicrcbie in 15 patients. The Strepto- 
coccus was present in 53 per cent, Pseudo- 
monas in 47 per cent, E. coli in 47 per cent, 
Klebsiella aerobacter in 40 per cent, Can- 
dida in 4) per cent, other yeasts in 40 per 


TABLE 2. Polymicrobic Septicemia in 15 Patients 


No. Per Cent 
1. Strebtococct 8 53 
2. Psendomonas 7 47 
3. E. cole 7 47 
4. Klebsiella-aerobacter 6 40 
5. Candida 6 40 
6. Other yeast 6 40 
7. Staph. aureus 5 33 
Total patients 15 
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TABLE 3. Symptoms and Signs during Sepsis 


No. Per Cent 
1. Spiking fever 44 82 
2. Delerium 43 80 
3. Shock 35 65 
4. Respiratory distress 32 59 
5. Chills 26 48 
6. Oliguria 26 48 
7. Cyanosis 24 44 
8. Coma 18 33 
9. Phlebitis at intravenous site 17 31 


cent, and the Staphylococcus aureus and 
Diphtheroids in 33 per cent each as indi- 
cated in Table 2. 

The following symptoms and signs were 
noted during the sepsis (Table 3). 

The portal of entry was determined in all 
but 8 of the 54 cases, the infected wound 


F.J. - Age 48 - NF 


i. Acute and chronic Salpingoophoritis 


TABLE 4. 

No. 
i. Wound 21 
2. Phlebitis at intravenous site 16 
3. Urinary tract 15 
4. Respiratory tract 11 
5. Unknown 8 
6. Endometritis 1 
7. Meningitis 1 


being the most common followed by throm- 
bophlebitis at a continuous intravenous site, 
and infection of the urinary tract (Ta- 
ble 4). 

The course of a patient who developed 
Serratia sepsis in association with Serratia 
wound infection after an abdominal hys- 


2. Septic shock 


3. Upper GI hemorrhage 


PULSEITEMP] AUG. 1965 
Raai | O 


Fic. 2. A 48-year-old 
woman developed Serratia 
septicemia diei a wound 

ection caused by Ser- 
ratia with subsequent 
shock and massive upper 
GI hemorrhage and a de- 


Treatment - with paren- 
teral Vitamin K, as well 
as steroids, antibiotics, and 
IV fluids was successful. 
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Fic. 3. The septic interval prior to bleeding by 
various time intervals shows an early onset o 
bleeding related to sepsis with 63% developing 
bleeding within 48—72 hours of the onset of sepsis. 


terectomy and bilateral salpingo-oophorec- 
tomy for acute and chronic salpino-oopho- 
ritis is depicted in Figure 2. The onset of 
sepsis was abrupt with chills, high fever, 
septic shock, and oliguria. Treatment was 
initiated with the administration of fluids, 
steroids, and antibiotics. Within 24 hours of 
the start of sepsis, she developed evidence 
of massive upper gastrointestinal hemor- 
rhage requiring the transfusion of 3 units 
of blood. Prothrombin time at that point 
was found to be 14.5 per cent of control. 
She had had no prior history of hepatic dis- 
ease. The prolonged prothrombin time re- 
sponded well to the parenteral administra- 
tion of Vitamin K and the signs of sepsis 
subsided with appropriate antibiotic ther- 
apy and drainage of the infected wound. 
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The interval of time in hours between 
the onset of sepsis and the initiation of 
hemorrhage is shown graphically in Figure 
3. The hemorrhage occurred in 22 per cent 
of the patients within 12 hours of the onset 
of their sepsis, in another 19 per cent within 
12 to 24 hours, ll per cent within 24 to 
48 hours, and 11 per cent within 48 to 
72 hours. Thus a total of 63 per cent de- 
veloped bleeding within 72 hours of the 
onset of sepsis. The remaining 37 per cent 
of the patients bled at intervals greater 
than 72 hcurs after the onset of sepsis. 

The lesion responsible for the gastroin- 
testinal hemorrhage was identified either 
through operative intervention, roentgeno- 
graphic studies, or autopsy findings in 34 
of the patients. The distribution of the 
pathologic types of such lesions have been 
tabulated in Figure 4. Eight patients had 
gastric erosions, 13 had gastric ulcers, 11 
had duodenal ulcers, 5 had esophageal 
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Fic. 4. The incidence of different types of le- 
sions identified either surgically, radiographically 
or at autopsy is shown to consist of a wide variety 
with no specific predominant lesions. 
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Fic. 5. A 25-year-old 
man who was shot in the 
buttock and received per- 
forating wounds of the sig- 
moid colon, small bos 
pancreas, stomach, liver, 
and left ventricle subse- 
quently developed throm- 
bophlebitis as the initiat- 
ing site of bacteroides 
septicemia which was 
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ulcers or erosions, and 1l had diffuse mu- 
cosal hemorrhage without specific localized 
ulceration or erosion being noted. 

The clinical course of a young man who 
suffered a gunshot wound of the buttocks 
with perforation of the sigmoid colon, small 
bowel in multiple areas, stomach, the body 
of the pancreas, liver, and diaphragm is 
shown in Figure 5. In addition he sustained 
a through-and-through wound of the left 
ventricle of the heart. Subsequent to the 
repair of his multiple injuries, he developed 


acute thrombophlebitis related to continu- - 


ous intravenous infusions in both arms lead- 
ing to the development of Bacteroides sep- 
ticemia. Within 12 hours after the onset 
of sepsis he developed massive upper GI 
bleeding. Exploratory laparotomy was re- 
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quired to control the hemorrhage. Multiple 
superficial gastric ulcers were found and 
treated by direct transfixion and by va- 
gotomy and pyloroplasty. A total of nine 
patients received operative treatment con- 
sisting of transfixion of bleeding points with 
vagotomy and pyloroplasty, or vagotomy 
and antrectomy. 

. Prothrombin time determinations were 
performed in 49 of the 54 patients during 
periods of gastrointestinal hemorrhage. The 
results of these tests are shown in Figure 6. 
Five patients had prothrombin times in 
the range of 10 to 20 per cent of con- 
trol, 13 patients had prothrombin levels be- 
tween 20 and 30 per cent, and in eight pa- 
tients the prothrombin level was in the 
range of 30 to 40 per cent. Approximately 
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Fic. 6. Forty-nine patients with prothrombin. 


times recorded during bleeding episode demon- 
strate a P EP of 50% of the patients with Pro 
thr ami in times less than 40% during the blee 
episode. 


50 per cent of the patients had prothrombin 
times below 40 per cent of control. 

Platelet counts were performed in 40 of 
the 54 patients during their episode of 
hemorrhage, and the distribution of the re- 
sults of these tests is shown in Figure 7. 
The platelet counts were less than 50,000 
in 17 of the patients, and eight patients had 
platelet counts between 51,000 and 100,000. 
Thus 50 per cent of the patients tested had 
total platelet counts below 100,000 at the 
time of their hemorrhage. 

Only seven of the 54 patients had exten- 
sive hematologic evaluation, and two had 
deficiencies characteristic of disseminated 
intravascular coagulopathies, 

The mortality in the group of patients 
who received operative therapy for hemor- 
rhage was 56 per cent (five of nine pa- 
tients), whereas in the non-operated group 
it was 71 per cent (32 of 45 patients). Over- 
all, 37 of the 54 patients died yielding a 
mortality of 69 per cent. In patients under 
the age of 20, the mortality was 80 per cent, 
and in those between the ages of 21 to 49 
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years it ranged between 50 and 68 per cent. 
In patients between the ages of 51 to 69 
years, the mortality was 100 per cent. How- 
ever, four of eight patients over the age of 
70 were salvaged. 

The course of a 33-year-old patient with 
acute pancreatitis and septicemia from an 
unknown source is illustrated in Figure 7. 
He developed protound septic shock which 
was quickly followed by massive upper 
gastrointestinal hemorrhage and a fatal out- 
come in less than 72 hours despite heroic 
supportive measures. 

Of the 54 patients in this series, 36 re- 
ceived antibiotic therapy before the devel- 
opment of their sepsis. The types of anti- 
biotic agents used were penicillin and its 
derivatives in 31, tetracycline in 16, chloro- 
mycetin in seven, cephalosporin in five, 
gentamycin and erythromycin in two each, 
and streptomycin, colymycin, ànd nystatin 
in one each. 
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Fic. 7. The results of platelet counts Dogs ie 
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Fic. 8. A 33-year-old 
man admitted with mod- 
erately severe acute pan- 
creatitis subsequently de- 
veloped sepsis from an 

Own Source associ- 
ated with septic shock 
and followed by massive 
GI hemorrhage within 12 
hours which resulted in 
death. 


Discussion 


Serious gastrointestinal hemorrhage oc- 
curring during the acute phase of septice- 
mia has been generally considered to be an 
unusual complication and one which has 
frequently been ascribed to the "stress phe- 
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nomenon." The clinical experiences in this 
series of 54 patients, however, have sug- 
gested that this type of hemorrhage has 
been relatively frequent in patients during 
episodes of gram-negative septicemia, and 
that there has been a more direct causal re- 
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lationship of the hemorrhage to the under- 
lying infection. The occurrence of 54 pa- 
tients with septicemia and gastrointestinal 
hemorrhage has been interesting in this re- 
gard, Of additional interest has been the 
fact that 80 per cent of those with mono- 
microbial septicemia were caused by the 
aerobic gram-negative bacteria. A similar 
incidence of gram-negative bacillary infec- 
tion was found in the 15 patients with poly- 
microbic septicemias. | 

The association of upper zastrointestinal 
bleeding and sepsis was noted in all age 
groups of the patients in this series, but it 
was greatest during the fourth and fifth 
decades. This differed from the incidence 
previously noted in our studies of all pa- 
tients with gram-negative sepsis in which 
two-thirds of the patients developing sep- 
ticemia were in the first, sixth, and seventh 
age decades. 

The sources of the bleeding were docu- 
mented in 34 of the 54 patients, often with 
some difficulty, and they were gastric ulcer, 
duodenal ulcer, diffuse gastritis, gastric mu- 
cosal erosions, and esophageal ulcer. The 
relatively frequent occurrence of acute dif- 
fuse superficial mucosal lesions was par- 
ticularly interesting in this regard (Fig. 4). 

The gravity of the complication of upper 
gastrointestinal tract bleeding during sep- 
ticemia was evidence by the life-threaten- 
ing situation with its triple threat of sepsis, 
septic shock, and hemorrhage. There was 
an overall mortality of 37 of the 54 pa- 
tients or 69 per cent. 

It should be kept in mind that the re- 
quirements for normal hemostatis include 
an intact vascular system, an adequate 
number of functional platelets, and a nor- 
mal coagulation mechanism. Abnormal he- 
mostatis, whether manifested as bleeding or 
as thrombosis, results from derangements in 
one or more of these three basic require- 
ments. 

Hemorrhage as a complication of infec- 
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tion has been shown to be related to any 
one or more of a variety of factors which 
may be either local or systemic. Local fac- 
tors are primarily vascular, such as septic 
erosion of large vessels, postoperative dis- 
solution of vascular grafts or suture lines, 
and continuing bleeding from the surface 
of infected burns. The systemic or circu- 
lating factors have been subdivided into 
cellular and plasma factors, and the causes 
of disturbances in the coagulation mecha- 
nism with resulting hemorrhage may be- 
come complex and overlapping in a given 
patient. It is often difficult or impossible to 
know whetaer or not the coagulation de- 
fects noted in the individual surgical pa- 
tient with sepsis have been caused by the 
infection, the various drugs administered, 
or a combination of them. A review of the 
data in this series of patients has empha- 
sized the fact that various abnormalities 
may come :nto play at different times dur- 
ing the couzse of a severe infection, thereby 
contributing further to the complexity of 
the situation. 

Disseminated infections may be associ- 
ated with a variety of cellular and plasma 
changes which may seriously influence the 
clotting mechanisms of the blood. It has 
been known that the important cellular 
component of the clotting mechanism is 
the platelet, and it is interesting to note 
that the platelet count was depressed to 
levels of 100,000 or less in 65 per cent of 
the 40 patients so studied in our series. In 
some instances, the platelet count was 
noted to be as low as 5,000. No studies 
were made on the function of platelets to 
determine the possibility of defective func- 
tion with normal platelet numbers. Throm- 
bopathv, the defective platelet function of 
normal numbers of platelets, has been de- 
scribed as a factor in hemorrhage in sep- 


_ sis by Atik and others Thrombopathy is 


poorly understood, but may result from de- 
fects in platelet aggregation or platelet re- 
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lease. It may also be associated with de- 
ficiencies in coagulation factors VII, VIII, 
and IX, respectively. It must also be kept 
in mind that idiosyncrasy reactions of indi- 
viduals to antibacterial agents such as the 
sulfonamides, chloramphenicols, and others 
which have been used in the treatment of 
prolonged infections may become associ- 
ated with serious drops in the platelet count 
or drug-induced thrombocytopenia. 

The most frequently noted plasma coagu- 
lation defect was hypoprothrombinemia. 
Of 49 cases studied in this regard, 50 per 
cent were noted to have prothrombin times 
` less than 40 per cent, and 37 per cent had 
prothrombin levels less than 30 per cent of 
control (Fig. 6). Of particular interest was 
the fact that six of our patients with pro- 
thrombin times depressed to less than 40 
per cent were younger than 30 years of age. 
Glueck has emphasized the fact that de- 
pression of the prothrombin times in nor- 
mal adults under 30 vears of age is of rare 
occurrence.” 

The hypoprothrombinemia noted may 
have been related to Vitamin K deficiency 
which can occur in patients who have been 
maintained on intensive antibiotic therapy. 
This has been known to suppress the bac- 
^ terial synthesis of Vitamin K. In two thirds 
of the patients studied in this series, sepsis 
and hemorrhage developed during active 
antibiotic therapy consisting of penicillin or 
its derivatives in 31 patients, tetracycline in 
16, chloromycetin in seven, and Keflin in 
five. This was of interest not only because 
of the failure of the antibiotic therapy to 
prevent septicemia, but also because of the 
possibility that it could have contributed to 
the spontaneous development of the bleed- 
ing. 

The occurrence of hypoprothrombinemia 
may also have been related in part to he- 
patic dysfunction resulting from overwhelm- 
ing infection, bacterial endotoxins, or sep- 
tic shock. Hepatic dysfunction has also 


been shown to cause deficiencies in factor 
VII, factor IX, factor X, and factor V.? 

In any event, the frequent occurrence of 
hypoprothrombinemia in this series of pa- 
tients studied has suggested the importance 
of the surgeons being alert to the possi- 
bility of its existence as a contributing fac- 
tor to the bleeding and to the necessity of 
promptly and adequately treating it with 
Vitamin K. 

Recently, more knowledge has become 
available regarding the phenomenon of co- 
agulation which may cause utilization and 
eventual deficiencies in fibrinogen (factor 
I), prothrombin (factor II), factor V, fac- 
tor VIII, factor X, factor XI, and platelets. 
In this phenomenon, multiple fibrin thrombi 
have been demonstrated pathologically in 
many organs, particularly the kidney. This 
phenomenon of disseminated intravascular 
coagulation was documented in only two 
of the 54 patients. 

Since the great majority of septicemias in 
this series were caused by gram-negative 
bacilli in pure or mixed culture, the pos- 
sible specifie effects of bacterial endotoxin 
on coagulation must be considered. Little 
is known concerning the mechanism of ac- 
tion of endotoxin in the human, however. 
The intravenous injection of endotoxin in 
the dog has often been followed by a pre- 
cipitous fall in arterial pressure, a simul- 
taneous rise in the portal venous pressure, 
and pooling in the hepatic and portal beds. 
Within a few minutes, there is a striking 
leukopenia followed 2 or more hours later 
by a return toward normal and a subse- 


` quent leukocytosis. Thrombocytopenia also 


has followed the intravenous injection of 
endotoxin. 

The clotting time was noted to increase 
from 10 to 30 minutes by Lillihei and 
MacLean, and some dogs have shown a 
progressive prolongation of clotting time 
until death. Hardaway et al.???* and Gans 
et al:939 have described various changes 
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of coagulation factors in endotoxin shock 
after the injection of endotoxin, principally 
E. coli. These included increased bleeding 
time, increased clotting time, and decreased 
fibrinogen blood levels. 

Certain bacterial septicemias, especially 
gram-negative septicemias, may lead to a 
release of bacterial endotoxin which in turn 
activates or releases platelet factor III. This 
causes a form of disseminated intravascular 
coagulation which is similar to the general- 
ized Schwartzman phenomenon and which 
may use up many of the clotting factors, 
leading to diffuse capillary oozing or mas- 
sive bleeding. This mechanism possibly ac- 
counts in part for the thrombocytopenia 
seen in some patients with gram-negative 
septicemias. 

It must be kept in mind also that the 
presence of derangements in the clotting 
mechanism in patients with upper gastro- 
intestinal bleeding presents hazards related 
not only to the existing hemorrhage but 
also to potential hemorrhage developing in 
the operative area during necessary surgi- 
cal operations, unless the derangements are 
corrected preoperatively. 

A possible relationship of aspirin therapy 
to the gastrointestinal hemorrhage in the 
patients in this series could not be deter- 
mined, although there was a record of 
many of the patients having received as- 
pirin. 

The key to appropriate therapy is early 
and accurate diagnosis of the complex 
problems of infection and its effects on co- 
agulation. Control of the infection with the 
help of appropriate antibiotic therapy is 
important. At the same time, specific ther- 
apy should be aimed at areas where dem- 
onstrable coagulation defects exist and 
where others are anticipated. Drugs have 
been used in an attempt to decrease bleed- 
ing, particularly in the gastroenteric tract. 
Pitressin has been employed frequently in 
these situations as well as Premarin. Steroid 
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therapy should be considered for the pur- 
poses of diminishing capillary fragility, re- 
ducing the toxemia related to the sep- 
sis, and stimulating platelet production in 
thrombocytcpenia. In severe platelet de- 
ficiencies from any cause, whole blood less 
than one day old, fresh platelet concen- 
trates, and platelet-rich plasma should be 
used. 

The obvious treatment for deficiency of 
Vitamin K dependent factors, particularly 
hypoprothrombinemia, is the administra- 
tion of Vitamin K itself. Intravenous ther- 
apy is the route of choice in these acute 
situations. In addition, a search for the 
causes of Vitamin K deficiency should 
be made. In active bleeding states fresh 
plasma, fresh frozen plasma, or fresh whole 
blood should be given immediately to sup- 
ply coagulation factors until adequate time 
has elapsed to allow effective use of the 
Vitamin K to produce endogenous clotting 
factors, If the prothrombin time does not 
respond to one or two doses of Vitamin K 
within an 8-12 hour period, attention 
should be directed to the possibility of 
some other underlying state as a possible 
cause of acute or chronic hepatic dysfunc- 
tion. It has been our experience, however, 
that doses cf 60 or more mg. of Vitamin K 
per 24 hours has been necessary in some 
septic patients to correct the hypopro- 
thrombinemia. In addition, the hypopro- 
thrombinemic states determined in septic 
patients in the absence of hemorrhage 
should ke corrected as a prophylactic mea- 
sure. 

When circulating fibrinolysins have been 
demonstrated, the administration of epsilon 
amino-caproic acid should be considered. 
The primary cause of the circulating fibri- 
nolysins should be searched for along with 
correction cf the infection, ischemia, hemor- 
rhage, or what other precipitating cause 
which may be present. Epsilon amino- 
caproic acid is considered to be contra- 
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indicated in cases in which intravascular 
coagulation is suspected. 


Summary 


A series of 54 patients with proven sepsis 
and gastrointestinal bleeding in a 6-year 
period included 39 with monomicrobial sep- 
sis and 15 patients with polymicrobial sep- 
sis. All age groups were affected with the 
greatest incidence being in the third and 
fourth decade. 

Sixty-seven per cent of the patients de- 
veloped sepsis while receiving antibiotic 
therapy. The most common portals of entry 
were wound infection in 21, thrombophle- 
bitis at sites of intravenous infusion in 16, 
and urinary tract sepsis in 15. Hemorrhage 
occurred soon after the onset of sepsis, 
within 12 hours in 22 per cent, 12 to 24 
hours in 19 per cent, and in 63 per cent 
within the first 48 to 72 hours. Thirty-four 
of the patients had specific lesions identi- 
fied as the source of their hemorrhage. 
There were 13 gastric ulcers, eight super- 
ficial gastric erosions, 11 duodenal ulcers, 
five esophageal lesions, and 11 with diffuse 
mucosal bleeding. 

Thrombocytopenia with platelet counts 
less than 100,000 was noted in 25 of the 54 
patienis, 17 of the 25 having platelet counts 
less than 50,000. This high incidence of 
thrombocytopenia has emphasized the im- 
portance of detecting and correcting trends 
in this direction in patients under treat- 
ment for septicemia (Fig. 7). 

Also of particular interest was the pro- 
longation of the prothrombin time noted 
during the sepsis at the time of the hemor- 


rhage. Forty-nine of the 54 patients had 


tests for prothrombin time, and 26 of these, 
or slightly more than half, had prothrombin 
times less than 40 per cent of control. Thir- 
teen patients or one fourth had prothrombin 
times less than 20 per cent. 

The overall mortality rate was 69 per 
cent. The results were best in those pa- 


tients treated promptly and adequately 
with Vitamin K to correct the depressed 
prothrombin level, platelet packs to raise 
low platelet counts, and fresh frozen plasma 
to supply other deficient clotting factors. 
Adequate therapy of the sepsis and sup- 
portive therapy were also prime requisites. 
Under circumstances when the gastrointes- 
tinal hemorrhage has not been arrested by 
transfusions and correction of the coagula- 
tion defects, surgical intervention may be 
necessary and life saving. Special efforts 
should be made to re-establish a normal 
coagulation state before operation to avoid 
additional hemorrhage in the operative 
area. | 
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Upper Gastrointestinal Bleeding 
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Upper gastrointestinal hemorrhage con- 
tinues to be a major clinical problem. Ac- 
curate diagnosis and proper management 
are often difficult, In search of a better 
understanding of this problem we have re- 
viewed the records from January 1, 1964 
through December 31, 1968 of all adults 
hospitalized at Charity Hospital with bleed- 
ing from the gastrointestinal tract proximal 
to the ligament of Treitz. This report con- 
tains our analysis, comments, and recom- 
mendations, 


Findings and Analysis 
Population Characteristics 


There were 842 episodes of bleeding in 
768 patients. Although there were more 
Negroes than Caucasians in the study 
group, compared with the overall hospital 
admissions during the period of study (Fig. 
1), bleeding was relatively more common 
in Caucasians and males. The average age 
of the population was 53.4 years. Fifty-nine 


. per cent of the patients were found to have 


another significant illness at the time of 
admission (Table 1). This emphasizes that 
bleeding usually occurs in older, sicker 
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people and underlines the high risk char- 
acteristics of this group. 


Presenting Symptoms and Physical Signs 


Melena, the most common presenting 
complaint (Fig. 2), was present in 73% of 
patients. Hematemesis occurred in 64% of 
patients and a significant episode of weak- 
ness occurred in 52% of patients. The ob- 
servation that one-third. of the patients did 
not have hematemesis underlines the fact 
that significant bleeding can occur without 
this symptom. Melena may not be present 
if the patient is seen before blood reaches 
the rectum. 

Half of the patients had no previous his- 
tories of upper gastrointestinal disease. 
Twenty-eight per cent had previous epi- 
sodes of bleeding and 22% gave histories 
of ulcer disease. Twenty-two per cent of pa- 
tients had recently ingested one or more 
medications associated with gastrointestinal 
bleeding, usually aspirin or alcohol. 

The most frequent physical finding was 
melena or hematochezia (9596). The aver- 
age hematocrit on admission was 28%. 
Since only 7595 of the patients had blood 
in the gastric aspirate, significant bleeding 
can and does occur without blood being 
detected in the stomach. Seventeen per cent 
of the patients were in shock on admission; 
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768 Patients. 


1396 had some physical evidence of liver 
disease. 


Diagnostic Studies 


An upper gastrointestinal series, obtained 
in 606 patients, demonstrated a lesion in 
69% of the patients so examined. The le- 
sion was identified in 8096 of patients who 
had a duodenal ulcer while only half (5596) 
of the gastric ulcers were identified by 
x-ray. Varices were identified in 6596 of 
patients bleeding from this source. When 
gastritis was present, it was identified by 
the radiologist in only 496 of patients. 

Gastroscopy was performed in 160 pa- 
tients. A lesion was visualized in 62% of 
patients who underwent endoscopic exam- 
ination. Gastroscopy provided a definitive 


TABLE 1. Concomitant Diseases 





Heart 22% 
Lung 19% 
Liver 16% 
Kidney 14% 
Neurologic 11% 
Diabetes : 8% 
Gastrointestinal 3% 
Overall 59% 
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diagnosis in 7496 of those with gastritis, 
83% of those with varices, and 96% of 
those with gastric ulcer. One patient had a 
duodenal ulcer visualized through a patu- 
lous pylorus. 

Gastroscopy has been used with markedly 
increasing frequency for the diagnosis of 
upper gastrointestinal bleeding. Since roent- 
genographic and endoscopic technics tend 
to complement one another, both should be 
emploved early in the evaluation of vir- 
tually all patients with upper gastrointes- 
tinal bleeding. 


Final Diagnosis 


Duodenal ulcer was the most common 
cause of bleeding (Table 2), accounting for 
42% of the episodes of bleeding. Varices, 
gastritis, stress ulcer, and gastric ulcer each 
accounied for bleeding in approximately 
10% of patients. More than one possible 
cause of bleeding was found in 4% of the 
patients. No definitive diagnosis was made 
in 12% of patients. Of the 132 patients with 
cirrhosis, varices were the cause of bleeding 
in only 65%; and peptic ulcer disease ac- 
counted for 20%, gastritis for 8%, stress 
ulcers for 6%, and the Mallory Weiss Syn- 
drome for 4%. 


Mortality Factors 


The overall mortality rate for the series 
was 29%. Two factors had a major influ- 
ence on mortality. (1) Mortality increased 
with age (Fig. 3), with a sharp rise in pa- 
tients over 60, where 44% of the patients 
died (2). Mortality varied with the cause of 
bleeding (Fig. 4), varices or stress ulcers 
accounting for about one half (4896) of the 
deaths. If these patients are eliminated the 
mortality for the remaining patients be- 
comes 19%. For peptic ulcer disease the 
death rate was 16%. Mortality was greatest 
in those patients with a high hematocrit on 
admission (Fig. 5), which suggests that the 
rate of bleeding was greatest in this group 
and that there had been no time for stabi- 
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Fic. 2. Presenting complaints. 


lization of the hematocrit prior to presenta- 
tion. 

Exsanguination was the most common 
cause of death (Table 3) accounting for 
almost one fourth of the deaths. Sepsis and 
liver failure accounted for 21% and 14% 
of the deaths. The excessive number of pa- 
tients who bled to death emphasizes that 
blood replacement on a cc./cc. basis must 
begin as soon as possible and that surgical 
control of the bleeding point should be ac- 
complished early in those patients who do 
not stop bleeding promptly. 


Operative Results 


Operative intervention was required as an 
emergency measure in lll patients. Elec- 
tive procedures were performed in another 
102 patients after initial stabilization (Table 
4). The overall mortality was 3196 for emer- 
gent procedures and 1146 for elective pro- 
cedures. Twenty per cent of patients with 
ulcer disease who required emergent opera- 
tions died. In the 37 patients requiring 
emergent operations for diseases other than 
peptic ulcer the mortality was 49%. The 
complication rate (Table 5) was high 
(67% for emergent and 3996 for elective 
procedures), with a particularly high inci- 
dence of respiratory problems. 

The number of transfusions required pre- 
operatively for patients undergoing emer- 
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TABLE 2. Final Diagnosis 

No. Per Cent 

Diagnosis Patients of Total 
Duodenal ulcer 350 42 
Varices 95 11 
Gastritis 89 11 
Gastric ulcer 77 9 
Stress ulcer 74 9 
Hiatal hernia 25 3 
Gastric carcinoma 14 2 
Marginial ulcer 10 1 
Mallory Weiss 9 1 
Miscellaneous 36 5 
Unknown 101 12 
Multiple diagnosis 4 


gent operation (Table 6) was 6.4 units. 
These patients received an average total 
of 9.9 units of blood. This compares with 
an overall total transfusion rate of 3.7 units. 
Patients treated with elective operations 
received one half as much blood as those 
requiring urgent operations. 


Gastroduodenal Ulcer 


Four hundred twenty-six patients bled as 
a complication of peptic ulcer disease (350 
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Fic. 3, Mortality by age. 
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Fic. 4. Mortality by diagnosis. 


duodenal and 76 gastric), The overall mor- 
tality for this group was 16%. However, 
the mortality for gastric ulcer was 26% 
while that for duodenal ulcer was only 
14%. For the 74 patients who required 
emergent operation for control of bleeding, 
the operative mortality was 20%. By con- 
trast, the mortality for elective surgical 
treatment was 3.6%. There were 65 emer- 
gent resections (Table 7) with or without 
vagotomy. Only nine patients had vagot- 
omies, pyloroplasties and suture control of 
the bleeding point. The mortality rates 
were 15% for resection and 56% for pa- 


tients treated with vagotomy and drainage. : 


It should be noted that the number of pa- 
tients with vagotomy and pyloroplasty is 
too small for any conclusions, and the pro- 
cedure was used only in extremely poor 
risk patients during the period under 
review. 


Hematocrit 
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Fic. 5. Mortality by hematocrit. 
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TABLE 3. Cause of Death 








Per Cent 
Cause of Death No. of Deaths 
Exsanguination 59 24 
Sepsis 52 21 
Liver failure 35 14 
Lung complications 20 8 
CVA 20 8 
Myocardial infarction 15 6 
Renal failure 12 5 
Pulmonary embolus 10 4 
Unrelated. disease 3 1 
Cause unexplained 16 7 
Overali 248 (29%) 
Varices 


Ninety-five patients had gastroesophageal 
varices, There were 56 deaths (59%). 
Eleven patients underwent emergent opera- 
tions. All four patients who had ligation of 
varices alone died while four of seven who 
had emergent portasystemic shunts died. 

Although this group of patients represents 
a high risk due to the basic disease alone, 
we feel that this mortality is excessive. 
Therefore, we suggest that more patients 
should be treated with early operation and 
that this operation should include some 
definitive procedure to prevent recurrence 
of the variceal bleeding. 


Gastritis 


Gastritis was diagnosed in 89 patients, 
14% of whom died. Most of these patients 


TABLE 4. Operative Results 


Elective Emergencies 
No. Mor- No. Mor- 
Diagnosis Patients tality Patients tality 
Peptic ulcer 82 3.6% 74 20.0% 
Varices 5 20.0% 11 73.0% 
Overall 102 10.8% 111 31.3% 
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stopped bleeding spontaneously. Five of 
the eight who required urgent operation 
died. Gastritis tends to be a self-limited dis- 
ease best treated by transfusion and non- 
surgical methods. If surgical intervention is 
required, mortality is high. 


Stress Ulcer 


Stress ulceration was the cause of death 
in 64 (87%) of the 74 such patients. Most 
of the episodes of stress ulcer bleeding oc- 
curred in patients with serious illnesses such 
as sepsis, renal failure, or severe burns. 
Only five patients underwent emergent op- 
erations and four of these died. Most deaths 
were due to the underlying disease that in- 
duced the stress ulceration. The excessive 
mortality of this condition and the justifi- 
able reluctance of surgeons to operate under 
these circumstances are obvious. 


Follow-Up 


The original disease recurred in 2096 of 
583 patients followed for 1 to 6 years (aver- 
age 15 months) (Table 8). Half of these 
patients required later operations. Since 
34% of patients were followed less than 
one year, this recurrence rate probably 
underestimated the true incidence of recur- 
rent disease and suggests the need for a 
more aggressive approach at an elective 
time. 


Discussion and Comments 


Hemorrhage from the gastrointestinal 
tract continues to carry a mortality rate as 
high as 20 to 3096.* 51° 22 Duodenal ulcer 
remains the most common cause of upper 
gastrointestinal bleeding. The vast majority 
of patients bleed from peptic ulcer, varices, 
gastritis or stress ulcer. Other lesions also 
must be considered, including hiatal hernia, 
hemobilia, pancreatic hemorrhage, aorto- 
duodenal fistula, carcinoma, leiomyosar- 
coma, polyps, gastroesophageal lacerations, 
blood dyscrasias, telangectasia, drug in- 
duced toxicity and many others, 


TABLE 5. Postoperative Complications 





Complication Emergency Elective 
Atelectasis 31% 13% 
Pneumonia 27% 14% 
Wound infection 21% 8% 
Recurrent bleeding 20% 4% 
Recurrent bleeding with 

reoperation 5% 2% 
Duodenal fistula 8% 4% 
Intra-abdominal abscess 8% 3% 
Renal failure 8% 2% 
Congestive heart failure 5% 2% 
Urinary tract infection 5% 4% 
Pulmonary embolus 4% 2% 
Myocardial infarction 1% 0% 
Overzll 67% 39% 


The general management of the patient 
with upper gastrointestinal bleeding should 
include: (1) large centrally placed venous 
catheter for fluid and blood replacement 
and central venous pressure monitoring; 
(2) large bore nasogastric tube for aspira- 
tion and/or iced saline lavage; (3) basic 
blood screening including hematocrit or 
hemoglobin, white count and differenital, 
BUN, and electrolytes; (4) adequate blood 
replacement. 

Identification of the site of bleeding is 
essential to sound medical or surgical ther- 
apy and must be done expeditiously and 
systematically, preferably while initial re- 
suscitation is being conducted. A thorough 
history and physical examination may lead 


TABLE 6. Number of Transfusions 


Average 3.7 
Elective surgery 

Preoperative 3.6 

Total 4.9 
Emergency surgery 

Preoperative 6.4 


Total 9.9 
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TABLE 7. Emergency Operations—Peptic ulcer 


No. Mor-  Rebleed- 
Operation Patients tality ing 
Resection 65 15% 11% 
Vagctomy-pyloroplasty- 


oversew 9 56% 22% 


to a diagnosis of drug ingestion, blood dys- 
crasia, cirrhosis, or previous gastroduodenal 
ulcer. The upper gastrointestinal roentgeno- 
logic examination and gastroscopy are the 
cornerstones of diagnosis. Both should be 
employed early in the management of these 
patients. This vigorous diagnostic approach, 
advocated by Palmer (1) demonstrated 
an increased incidence of gastritis; (2) 
decreased the number of patients requiring 
operations; and (3) reduced the operative 
mortality by enabling earlier operation in 
patients with lesions likely to continue 
bleeding.* Arteriography may be particu- 
larly helpful in patients with obscure le- 
sions.* Our study has emphasized the com- 
plementary roles of endoscopy and the 
upper gastrointestinal x-ray series and 
served to stimulate us to learn to use the 
endoscope just as we do the bronchoscope 
and proctoscope. 


TABLE 8. Follow-up 





Overall—583 patients (average 15 months) 


61—Recurrence not requiring operation 
66—Recurrence requiring operation 


Duodenal ulcer—300 patients 


24—Recurrence not requiring operation 
43—Recurrence requiring operation 


Varices—39 patients 


8—Recurrence not requiring operation 
7—Recurrence requiring operation 


Gastric ulcer—56 patients 


6—Recurrence requiring operation 
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The timing of surgical intervention is im- 
portant. Hoerr, Dunphy, and Gray in 1948 
emphasized that the primary indication for 
operation is the rate of bleeding and not 
the amount of blood lost.12 They recom- 
mended operation for patients with recur- 
rent syncope or shock after initial stabiliza- 
tion. Early operative intervention has been 
shown to decrease the mortality rate.* It 
was disturbing to discover that exsanguina- 
tion was the leading cause of death in our 
series. This emphasizes the need for early 
operation in: (1) patients who do not sta- 
bilize with rapid resuscitation of three 
units of blood; (2) patients who continue 
to bleed at a rate of three units per day; 
and (3) patients who bleed again after 
initial stabilization. 

If an accurate diagnosis has not been 
reached by the time of emergent operation, 
a generous gastrotomy is essential. The mu- 
cosa of the entire stomach including the 
fundus and gastroesophageal junction should 
be visualized. The duodenum should be 
palpated to search for a duodenal ulcer. 
Adequate gastrotomy will reveal the source 
of bleeding in most cases.? “Blind gastrec- 
tomy" has no role in the management of 
upper gastrointestinal bleeding. If the diag- 
nosis has been established preoperatively, 
gastrotomy may be omitted, except to gain 
access to the bleeding point, since gastrot- 
omy may increase the rate of wound in- 
fection.” 

The selection of a definitive surgical pro- 
cecure in the patient with an acutely bleed- 
ing gastroduodenal ulcer is a perplexing 
problem. Gastric resection or vagotomy, 
drainage, and suture ligation are the most 
commonly employed methods for control of 
bleeding. Resection is associated with a sig- 
nificant mortality in patients requiring 
emergent operation. Proponents of vagot- 
omy and drainage have stressed the de- 
creased surgical time, anesthesia time, and 
surgical dissection, and have in most series 
demonstrated a decrease in mortality (Ta- 
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TABLE 9. Emergency Operations—Collected Review 
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Resection Vagotomy—Oversew 
Series No. Pts. Mort. Rebleed No. Pts. Mort. Rebleed 

Atik & Simeone,’ 1954 30 26% 12% — = ee 
Dorton,? 1961 — — — 42 0% 3% 
Farris & Smith,’ 1960 — — — 30 6% 7% 
Foster ef at., 1965 96 30% 9% 102 13% 8% 
Jensen et al., 1970 99 16% 11% 58 22% 17% 
Kelley ef al. 1963 100 19% 8% 51 21% 36% 
Palumbo & Sharpe,” 1961 81 13% 3% — — — 
Rodgers & Thompson,” 1964 70 17% — 17 11% — 
Stafford et al.,24 1967 44 20% 25% — — — 
Thorne & Nyhus,” 1965 77 21% 6% 10 70% 20% 
Weinberg,”® 1964 — — — 91 5% 5% 
Authors’ series, 1972 65 15% 11% 9 56% 22% 
Total 662 20% 410 10% 


ble 9). The high mortality for emergent 
resection in our series is understandable in 
view of the age and associated diseases of 
the patients. The small number of patients 
with vagotomy and drainage prevents com- 
parison. We must not become complacent 
with a 15% mortality rate by explaining 
that these are older people with multisys- 
tem disease. Instead, since most bleeding 
occurs in this group we should continue 
looking for an approach which will allow 
more of these patients to survive. We have 
begun to question the validity of continu- 
ing resection as the basic approach to the 
acutely bleeding ulcer and believe a con- 
trolled clinical trial must be done to settle 
this question. We now hope to do this. The 
high recurrence rate in this series also indi- 
cates that more patients should have defini- 
tive operation on an elective basis at a time 
when the operative risk is minimal. 

The increasing use of endoscopy has es- 
tablished gastritis as a major cause of gas- 
trointestinal bleeding. The relationship of 
gastritis to drug ingestion is well known 
and alcoho] and aspirin seem to be the 
most common. offenders. Sound medical or 
surgical therapy consists of ablation of 


vagal stimulation. Vagotomy is based on 
experimental demonstration of decreased 
blood fow in the stomach of dogs by closure 
of arteriovenous anastomoses in the sub- 
mucosa. In a collected review Sullivan, 
Rutherford and Waddell were able to find 
54 patients treated by vagotomy and pyloro- 
plasty, 18% rebled and 9% died. Of 15 pa- 
tients treated by vagotomy and antrectomy, 
one rebled but 15% died.” Most patients 
with gastritis in our series stopped bleeding 
without operative intervention. When op- 
eration was required the mortality was 
high. 

Both the medical and surgical approaches 
to cirrhcsis and its complications are chang- 
ing. There is no group of patients which 
taxes the resources of physician and surgeon 
more than those bleeding from gastroesoph- 
ageal varices. Balloon tamponade is hazard- 
ous and ineffective in many cases. Surgical 
therapy has been varied and imaginative. 
However, the only two operative proce- 
dures surviving the test of time are trans- 
esophageal ligation and emergency porta- 
systemic shunts. Recent reports ( Table 10) 
show increasing survival with early tam- 
ponade control of bleeding followed by an 
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TABLE 10. Variceal Bleeding-Collected Review 


Nonoperative 
Series No. Pts. Mort. 
Edmondson ef al." 1971 — n: 
Ekman & Sandblom,? 1964 37 76% 
Orloff,” 1967 59 83% 
Pearlman & Duremdes,” 1969 33 27% 
Rousselot ef al., 1960 39 20% 
Wantz & Payne,” 1961 — — 
Weinberger,” 1965 — — 
Author’s series, 1972 84 57% 


emergent portacaval shunt. We now plan 
a more vigorous operative approach after 
the demonstration by others that emergent 
shunting is feasible and carries no increased 
mortality over nonoperative management. 
This review of a large series of patients 
treated in a single institution over a short 
period provides an opportunity for evalua- 
tion of the adequacy of present treatment. 
Analysis of our results has been a sobering 
experience and has stimulated serious 
thought about revision of therapy for the 
serious bleeder, since we believe the over- 
all mortality for this disease is too high. It 
has become apparent that proper therapy 
cannot be instituted without a definitive 
diagnosis and we now recommend urgent 
diagnostic evaluation to include endoscopy 
and x-ray during the period of initial re- 
suscitation. The observation that exsan- 
guination was the leading cause of death 
in our series was sufficiently disturbing to 
prompt us to view upper gastrointestinal 
bleeding in an entirely new light. The 
physiologic derangement in this disease 
seems analogous to that of acute trauma 
with blood loss. This, then, prompts two 
changes: (1) adequate early initial re- 
suscitation with blood replacement must be 
achieved on a cc./cc. basis, and (2) sur- 
gical control of the bleeding point. Our 
high recurrence rate over such a short-term 
follow-up and the marked contrast in mor- 


Ligation Portacaval Shunt 
No. Pts. Mort. No. Pts. Mort. 
— — 50 48% 
— — 17 24% 

28 46% 40 47% 

9 33% 6 33% 

— — 11 36% 

— — 34 41% 

— — 29 28% 

4 10097 7 57% 


tality for emergent and elective surgical 
treatment suggests an increased use of 
elective definitive operation in those pa- 
tients who have bled significantly. In a 
search for the best definitive procedure for 
emergent operation of ulcer disease we are 
instituting a controlled clinical evaluation 
of resection versus vagotomy, pyloroplasty, 
and suture. We hope to approach variceal 
bleeding more aggressively and increase the 
number of patients treated surgically with 
emergent portasystemic shunting. 


Summary 


A survey has been conducted of 842 epi- 
sodes of upper gastrointestinal bleeding in 
768 patients at Charity Hospital over a 
5-year period. The incidence of bleeding 
was increased in Caucasians and males rela- 
tive to the usual hospital distribution. 
Melena was the most common presenting 
symptom and physical finding. Duodenal 
ulcer was the most common cause of bleed- 
ing (42%). 

The mortality was 29% overall, and was ` 
44% for those patients over 60. Exsanguina- 
tion was the leading cause of death. The 
mortality for ulcer disease alone was 16%. 

An operation was required in 213 pa- 
tients (111 emergent and 102 elective). 
The mortality for emergent procedures was 
31% as contrasted with 11% for elective 
procedures. The mortality for ulcer disease 
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requiring surgical treatment was 20% for 
emergent and 3.6 for elective procedures. 

As a result of this review the following 
recommendations are made: urgent diag- 
nostic evaluation, rapid blood replacement, 
early operation in those who do not stop 
bleeding promptly, more elective surgical 
treatment of those who have bled signifi- 
cantly, and a controlled clinical study of 
the best definitive surgical procedure to 
use in the treatment of the patient with an 
actively bleeding ulcer. 
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Discussion 


Dr. J. Lynwoop Herrincron, Ja. (Nashville): 
Discussing Paper No. 18: I would like to confine 
my remarks to the paper presented by Dr. Cohn. 
Dr. Cohn was kind enough to send me a copy 
of his manuscript prior to the meeting. 

This is a very important paper indeed, and it 
contains a wealth of material, and there are many 
important points that Dr. Cohn did not have time 
to emphasize. However, he has rightly stressed 
the significant mortality associated with upper 
gastrointestinal hemorrhage, irrespective of its 
cause. 

I would like to confine my brief remarks to the 
management of massive hemorrhage resulting from 
gastroduodenal ulcer. I think the over-all mortal- 
ity in the group treated by Dr. Cohn, of 16 per 
cent, is certainly not out of line. In his emergency 
cases the mortality was 20 per cent, and here 
again, I believe this mortality is respectable be- 
cause at the Charity Hospital they are dealing 
with an entirely different type of individual than 
we see in our private practice. 

However, Dr. Cohn emphasized that many of 
the deaths among his patients were due to ex- 
sanguination, and I for one would like to make 
a plea for early operation in the massive bleeder, 
and in particular, when dealing with the elderly 
individual. 

In our series of massively bleeding ulcer pa- 
tients, most of whom come from private practice, 
there has been a mortality of less than 10 per 
cent among the elderly individuals who were 
operated upon early, usually within the first 8 to 
10 hours after experiencing the massive hemor- 
rhage. These patients have received usually less 
than five units of blood. Of those individuals 
operated upon for massive hemorrhage under 
the age of 60, the mortality has been 3 per cent. 
The over-all mortality among all patients under- 
going operation for emergency massive hemor- 
rhage has been 5.5 per cent. 

When significant associated disease is present in 
the elderly massive bleeder, we are even more in- 
clined to operate upon this patient earlier, and we 
feel it is safer at this stage of the game to do a 
more definitive operation-—namely, a vagotomy 
and an antral resection—because vagotomy and 
pyloroplasty with suture of the bleeding vessel, in 
our experience, has not given good results. Our 
mortality has been high, and we have also had 
significant rebleeding take place. 

As you know, many of the reports in the 
literature that favor vagotomy and pyloroplasty 
for massive hemorrhage are carried out on pa- 
tients who either have been bleeding for a long 
period of time or who have received blood trans- 
fusions in excess of ten units. Under these circum- 
stances, of course, a definitive operation as 
vagotomy and antrectomy cannot be done and 
only a compromise procedure as suture of the 
bleeding vessel, a vagotomy and a drainage pro- 
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cedure can ke used. I recently visited Dr. Louis 
Palumbo in Des Moines, and I was very im- 
pressed with his series of massive bleeders, be- 
cause in the patients who are under age 60 the 
mortality for emergency operations was 3.8 per 
cent, and tke over-all mortality among all pa- 
tients was less than 6 per cent. Here again, Dr. 
Palumbo operates upon these patients early and 
does not wait until they have been in and out of 
shock two or three times and have had their blood 
volume replaced at least once. He favors vagotomy 
and distal resection. 

Certairly, prolonged attempts at blood replace- 
ment, particularly in the elderly patient, are to 
be condemned, and I think the critical factors that 
influence survival in this group of patients with 
massive bleeding are early definitive operation and 
the avoidance of postoperative complications if 
possible, and when they do occur, early and 
vigorous treatment. 

There is n» doubt that patient survival has been 
improved by frequent blood gas determinations, 
central venous pressuring monitoring, and respira- 
tory ventilatory assistance. As a suggestion to 
Dr. Cohn, I believe that he can certainly improve 
his mortality rate if he will only operate upon 
these patienzs earlier after the onset of the mas- 
sive hemorrkage. His figures have strongly brought 
out the disastrous results that can oceur from 
procrastination. 


Dr. Artis R. Manspercer, Je. (Baltimore): 
Discussing both papers: Several years ago we 
were struck by the fact that in patients with up- 
per gastrointestinal hemorrhage admitted to our 
shock unit, one of the causes of morbidity and 
mortality wes indeed invasion bacteremia and sep- 
sis from a variety of sources. 

Dr. Robert Ollodart and I studied bacterial de- 
fense mechanisms in these patients, using the 
recovered patients as their own controls and 
measuring complement titers, bactericidal titer 
of the serum and phagocytic indices. We found 
that the bacterial defense mechanisms mentioned 
above in these patients were significantly dimin- 
ished in patients with massive hemorrhage and 
shock. 

We further studied whether or not bank blood 
preserved ia ACD solution contained these vari- 
ous bacterial defense mechanisms. They, in fact, 
did not. We studied various replacement solu- 
tions—lyophilized plasma, et cetera—and defense 
mechanisms were not present in significant titer. 
The only replacement solution which was found 
to contein significant titers of the bacterial defense 
mechanisms mentioned was fresh frozen plasma. 

It would seem then, with the problems of 
coagulopathy and of sepsis, that fresh frozen 
plasma might well be indicated in all patients 
with massive upper GI bleeding. 

[Slide] Complement Titer—This slide illustrates 
a rebound phenomenon occurring in patients with 
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massive upper GI bleeding 10 days after cessation 
of hemorrhage. 

[Slide] This slide illustrates changes in the 
bactericidal titer of the serum. 

[Slide] The phagocytic index and phagocytie 
capacity rebound. Certainly, I believe that we have 
significant indication to use fresh frozen plasma 
in this group of patients. 


Dr. Rocer T. SHERMAN (Memphis): Discussing 
Paper No. 17: We also have noted the association 
between bleeding, sepsis, and coagulation defects. 
I would like to emphasize the fact that fresh 
whole plasma and platelet transfusions have been 
useful, 

I wonder if Dr. Altemeier would tell us his 
favorite operation for stress bleeding from the 
duodenum. 


Dr. Joun A. Moncrær (Charleston): Discuss- 
ing Paper No. 17: I know we do not all envy 
Dr. Altemeier for having the problems of sepsis 
and bleeding, but do very much envy him for the 
tremendous bacteriological support that he has in 
the institution which he has fostered so well over 
the years. 

We reported, about a year ago, 321 cases of 
upper gastrointestinal bleeding from Curling’s 
ulcer in burn patients, and in attempting to define 
the etiolagy of this we considered sepsis as a 
possible cause. We found that in major thermal 
injury, over 50 per cent, there was no statistical 
evidence that sepsis was of any great import. 
However, in the smaller burn sepsis certainly had 
a very strong statistical correlation with the bleed- 
ing. However, it was impossible for us to deter- 
mine exactly what this relationship with the 
bleeding episode was. 

In looking at multiple microscopic sections we 
found that in only one section were we ever able 
to demonstrate any sepsis associated anatomically 
with the lesion. This was a staphylococeal embolus 
to the gastric mucosa. 

I note from Dr. Altemeier’s slides that he per- 
formed a pyloroplasty and vagotomy on his bleed- 
ing patients, and, like Dr. Sherman, I would like 
to ask him what his preferred operation is for 
bleeding of this type. 

We had disastrous results in the three patients 
we operated on and did a pyloroplasty and 
vagotomy on, with two rebleedings and one perfor- 
ation, and thus felt very strongly that the lesion 
itself should be excised. We feel it is a lesion of 
vascular origin, whether it be related to sepsis 
or not, and is a progressively necrotic lesion. 

In our experience, we found that if we did not 
excise the lesion, extension of the ulceration oc- 
curred within 24 to 48 hours and massive rebleed- 
ing recurred. 


Dr. Joun Brooxs (Boston): Discussing Paper 
No. l7: I am fascinated by the information in 


Dr. Altemeiers paper. He pointed out the fact 
that the prothrombin time was down. This is a 
new finding, I believe, and I would like to have 
him discuss this a bit more and try to ex- 
plain it. Is it due to liver failure, or how does 
he explain it? 

One other thing: I do not think we should leave 
this zroup of papers without defending the role 
of vagotomy, pyloroplasty and suture of a bleed- 
ing duodenal ulcer. Our experience at the Brigham 
in Boston still supports the suture-ligature and 
vagotomy-pyloroplasty combination. In fact, our 
results with subtotal gastrectomy for massively 
bleeding duodenal uleer—and most of these pa- 
tients are over 65 years of age—show a 21 per 
cent mortality; whereas the results in a comparable 
group of patients, again over 65 years years of 
age, are in 12 per cent category with vagotomy, 
pyloroplasty and suture of the ulcer bleeder. 


Dr. ALTON OcusNxn, Jn. (New Orleans): Dis- 
cussing both papers: I wish to speak about the 
treatment of bleeding—massive bleeding—from a 
gastroduodenal ulceration. About 2 years ago we ^ 
went over all of our cases, and the only patients 
that we lost in our whole series were the individ- 
uals who were bleeding massively. There were 
101 cases. Sixty three per cent of these patients 
were treated by massive gastric resection—75 
per cent resection; the remainder were treated by 
50 per cent gastric resection plus vagus resection. 

The over-all mortality rate was 8 per cent. The 
mortality rate in the group that was treated by 
massive gastric resection was 3 per cent, and the 
mortality rate of the group treated by vagus resec- 
tion plus 50 per cent gastric resection was 15 
per cent. 

I do not believe that one can treat massive 
bleeding ulcer by vagus resection and a partial 
gastrectomy. I think the mortality rate is going to 
be higher, despite the experience that they have 
had in Boston, maybe because of the climate there. 
But certainly in our climate the gastric resection 
gives better results in the bleeding ulcer. 


Dr. W. A, ALTEMEIER (Closing discussion of 
Paper No. 17): I was interested in Dr. Mans- 
berger's results of his study, and had been familiar 
with them. As we emphasized in the paper, the 
use .of blood transfusion with blood less than 24 
hours old is important. The use of fresh frozen 
plasma is important to supply deficient coagula- 
tion factors, known and unknown, and the use 
of platelet packs to supply platelets when the 
platelet count is down is also important. 

Moreover, we must keep in mind the fact that 
platelets may be essentially normal in number but 
deficient in function, as pointed out by Atik and 
others. 

In answer to Dr. Sherman's question that he 
raised, which was echoed by Dr. Moncrief and 
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Dr. Ochsner, we feel that the decision for the 
operation should be made on the factors incident 
in the case. I do not believe, in our experience, 
that you can say you should use one type of 
operation in all cases. However, I have had several 
patients in whom I did first a 50 per cent 
gastrectomy for bleeding in circumstances like 
this, and then had to go back within a week and 
do a 75 per cent gastrectomy with a gastrojejunos- 
tomy, and then had the patient bleed, and then do 
a gastrotomy on the remaining segment, and see 
diffuse ulceration, with marked bleeding. 

Suturing of this ulceration was only partially 
effective in stopping the bleeding. The mucosa 
was fiery red in color. It was only after vagotomy 
that this fiery red color and the weeping of the 
mucosa with bright red blood stopped. The mucosa 
developed, within a minute or two after the 
vagotomy, a dull red color, rather than the bright 
hemorrhagic color. 

So I do not have any favorite operation, but 
I do not lose the fact of the value of vagotomy 
in the treatment of ulcerations of this type. 

I believe I have answered all of the questions. 
Perhaps it might be helpful to emphasize that 
we do not think that the hemorrhage is due to 
the effect of infection on the mucosa itself, so 
much as it is on the coagulation factors of the 
blood. This hemorrhagic tendency, therefore, is 
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set off, and once set off, the bleeding will con- 
tinue until it is corrected in one way or another. 


Dra. Joux N. Croox (Closing discussion of 
Paper No. 18): Dr. Herrington is certainly less 
critical cf us than we are of ourselves. In support 
of his recommendation for earlier opexations, we 
certainly think that we have not been operating 
on these patients early enough, despite the fact 
that most of these operations were done by young, 
enthusiastic surgeons who certainly are not turn- 
ing down cases. | 

I think many factors will decrease this delay, but 
one of the most important is that increased knowl- 
edge of the individusl patient equals competence. 
This is what has prompted our recommendation 
for emergency x-ray, emergency gastroscopy, cen- 
tral venous pressure monitoring—as much knowl- 
edge as possible about the acutely bleeding 
patient. 

With these factors in mind, and with a definite 
diagnosis, we can make our decision, No. 1, when 
to operate, and, No. 2, what operation to use. 

We also have been confused by the controversy 
mentioned concerning which operation to use in 
the acutely bleeding peptic ulcer, and this con- 
fusion has prompted our initiation of a prospec- 


tive controlled clinical study of this difficult 


problem. 


Gastric Cancer in Pernicious Anemia and in Patients 
with and without Achlorhydria 


Gustavo G, R. Kuster, M.D., Wi.uiAM H. REMrng, M.D., 
MALCOLM B. Dockerry, M.D. 


From the Departments of Surgery and Surgical Pathology, Mayo Clinic 
and Mayo Foundation, Rochester, Minnesota 


PATIENTS with pernicious anemia seem to 
be more likely to have carcinoma of the 
stomach, compared to the general popula- 
tion, and it has been suggested that persons 
with achlorhydria alone also have this in- 
creased risk. Schell et al^ found that 
gastric carcinomas arising in patients with 
pernicious anemia exhibited pathologic 
characteristics which were different from 
those of the usual gastric cancer in that 
they tended to be (1) polypoid, (2) fundic 
or cardiac rather than antral in origin, (3) 
multicentric, and (4) of low average grade 
of malignancy. The mucosal changes of 
“atrophic” gastritis featuring mucous-cell 
hyperplasia were prominent in the noncan- 
cerous zones of the mucosa. We became in- 
terested in determining if these mucosal 
changes were related specifically to the 
peculiar characteristics of the tumors. 
Kuster et al" demonstrated that there is 
close correlation between the status of the 
gastric mucosa and its secretory response to 
maximal histamine stimulation. 

The present retrospective study was un- 
dertaken in an effort to distinguish patients 
with preoperative achlorhydria from those 
with presence of hydrochloric acid on the 
basis of histologic examination of multiple 
mucosal samples taken from preserved op- 
erative gastrectomy specimens. Our goals 
were to define the diagnostic and prognos- 
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tic value of gastric analysis in carcinoma 
of the stomach and to determine the influ- 
ence that the mucosal changes of gastritis 
might have on tumor characteristics and 
behavior. 


Material and Methods 


Ihe clinical histories were reviewed for 
all patients who had partial or total gas- 
trectomies for carcinoma of the stomach at 
the Mayo Clinic during the 15-year period 
between 1947 and 1961 and who had pre- 
operative gastric analyses performed as part 
of their preoperative work-up. The formalin- 
preserved resected stomachs were available 
in all cases, and these were examined to 
note the gross aspect of the tumors. New 
histologic sections were prepared from the 
tumors and from antral and fundic mucosa. 
Ten-year follow-up was obtained during 
subsequent visits to the clinic or by mail 
questionnaire. 

Gastric analysis had been performed by 
Töpfer titration, and stimulation of gastric 
secretion had been induced by a test meal 
or by a submaximel histamine dose. The 
criteria for achlorhvdria included the ab- 
sence of free hydrochloric acid and less 
than 20 units of total acidity in all 15-minute 
periods of gastric-content collection plus 
the loss of chief and parietal cells along 
with raucous cell hyperplasia in antral and, 
particularly, fundic rnucosal tissue. 

A total of 622 patients was studied. In 
56 cases the gastric carcinoma accompanied 
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the achlorhydria of pernicious anemia. In 
138 cases there was achlorhydria alone. In 
the remaining 428 cases hydrochloric acid 
was present in the gastric aspirate. 


Results 


The male:female ratio was 2.3:1 among 
the patients with pernicous anemia as well 
as among those with or without achlor- 
hydria, but a difference in age distribution 
was seen among the three groups (Fig. 1). 
Patients with carcinoma and achlorhydria 
alone were a decade older than those of the 
other groups. Fifty per cent of patients 
with achlorhydria and 56% of patients with 
pernicious anemia were blood group type 
A, while only 36% of patients with acid 
were type A. Type O occurred in 25 and 
33% of patients with achlorhydria with and 
without pernicious anemia, respectively, 
‘and in 48% of patients with acid. No dif- 
ferences in incidence of blood types B and 
AB were observed among the three groups 

of patients. 
© The tumor was in the upper half of the 
stomach in 71% of patients with achlorhy- 
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dria and in 8396 of patients with pernicious 
anemia, while only 1296 of patients with 
acid had tumors located so proximally in 
the stomach (Table 1). Twenty-two per 
cent of patients with achlorhydria and 24% 
of patients with pernicious anemia had two 
or more independent tumors, while only 
2.496 of the lesions in patients with acid ex- 
hibited such multicentricity. Benign polyps 
accompanying the malignant tumor were 
observed in 16 and 1096 of patients with 
achlorhydria and patients with pernicious 
anemia, respectively, and in 1% of those 
with acid present. 

Small carcinomas (4 cm. or less in diam- 


TABLE 1. Tumor Features and Survival Rates by Groups 


Group 


Achlor- With cious 
hydria HC) Anemia 


Patients (Nc.) 138 428 56 
Location of tumor (%) 
Upper half 71 12 63 
Lower half 20 79 22 
7 8095 involved .9 9 14 
Greatest diameter (95) 
$4.0 cm. 10 30 19 
4.1-8.0 cm. 42 38 28 
2 8.0 cm. 48 32 53 
Borrmann class (modified) (90) 
Polypoid 66 4. 75 
Ulcerated 16 64 9 
Diffuse 3 3 5 
Scirrhous 13 20 10 
Superficial 1 9 1 
Broders’ grade (%) 
1&2 48 13 St 
3 29 25 30 
4 23 62 19 
Nodes >osizive (%) 59 68 48 
Survival deta 
Hospital death (%) 9 6 13 
Traced (No.) 121 384 46 
Survived. (%) l 
z 3yr. 51 41 39 
= yr. 38 29 39 
= 10 yr. 27 22 29 
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eter) were found more often in patients 
who produced acid; tumors over 8 cm. in 
diameter were more common among pa- 
tients with achlorhydria with or without 
pernicious anemia (Table 1). No correla- 
tion was found between size of the tumor 
and degree of gastric acidity. A third of the 
patients with acid had tumors more than 
8 cm. in diameter, and the majority of ex- 
tensive scirrhous carcinomas were found in 
this group. 

Gross classification of the tumors showed 
distinct differences between the patients 
with and without acid but not between 
those with pernicious anemia and those with 
achlorhydria alone (Table 1). Polypoid tu- 
mors were present in 75 and 66%, respec- 
tively. Patients with achlorhydria had a 
higher incidence of low-grade malignancy 
according to Broders' classification than did 
patients with acid (Table 1). Sixty-eight 
per cent of the patients with acid had 
metastasis to regional lymph nodes. Nodes 
were "positive" in 59% of patients with 
achlorhydria alone and in 4896 of patients 
with pernicious anemia (Table 1). More 
than 60% of all patients had tumors which 
had grown to the serosa or had involved 
surrounding extragastric organs by direct 
extension. 

Subtotal gastrectomy was the procedure 
performed in the majority of all these 
groups of patients. However, 3096 of pa- 
tients with achlorhydria, with or without 
pernicious anemia, required total gastrec- 
tomy while only 14% of patients with acid 
required this type of operation. Again, 


owing to the difference in location of the 


tumors, proximal resection of the stomach 
(esophagogastrectomy ) was done in 25 and 
1396 of patients with achlorhydria or per- 
nicious anemia, respectively, and in only 
6% of patients with acid. 

Five- and 10-year survival rates were 
better for patients with achlorhydria than 
for patients with acid (Table 1). There was 
a correlation between survival rate and 
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TABLE 2. Survival Rates by Classification and Size 
of Tumor and by Nodal Involvement 


Patients Survival 
(no.) (%) 
23 25 210 

Classification or size Total Traced yr. yr. yr. 
Broders 

Grades 1 & 2 153 {37 7i 56 42 

Grade 3 162 145 41 29 27 

Grade 4 307 269 34 25 17 
Borrmann (modified) 

Polypoid 151 133 152 144 35 

Ulcerated 302 269 44 32 22 

Diffuse 20 17 30 30 20 

Scirrhous 109 97 14 6 2 

Superficial 40 35 85 70 70 
Greatest diameter 

z 40 cm. 152 135 71 59 53 

4.1-8.0 cm. 237 210 41 28 19 

28.0 cm. 232  . 206 24 15 10 
Nodes 

Positive 309 354 22 di 6 


Negative 223 197 714 67 32 


grade (Broders) of malignancy of the tu- 
mor (Table 2). Patients with superficial 
carcinoma had, as expected, a better sur- 
vival rate than did those with infiltrating 
forms, followed by those who had a poly- 
poid tumor (Table 2). With tumors of small 
size (4 cm. or less) the 5-year survival rate 
was 59%; with large growths it was 15% 
(Table 2). With tumor involving regional 
nodes, 5-year survival was 1196 while with 
“negative” nodes it was 67% (Table 2). 
The fact that the survival rate of patients 
with achlorhydria, with or without perni- 
cious anemia, was better than the survival 
rate of patients with acid could not be 
wholly explained by the higher incidence of 
favorable tumor characteristics observed in 
the former groups. Table 3 demonstrates 
that, regardless of the size, with polypoid 
Jesions, there was a 20% 5-year survival 
rate in patients with acid and twice this 
rate in patients with achlorhydria. On the 
other hand, patients with ulcerated lesions 
had about the same survival rate in all 
groups. Five-year results were fairly pre- 
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TABLE 3. Five-Year Survival Rate According 
to Size and Classificaiton of Tumor 


Survived =5 yr. (%) 


Perni- 
Achlor- With cious- 
hydria Acid Anemia 
Size 
= 4.0 cm. 71 55 83 
4.1-8.0 cm. 40 23 44 
>8.0 cm. 3i 8 19 
Borrmann (modified) 
Polypoid 50 20 42 
Ulcerated 33 32 25 
Diffuse 0 0 100 
Scirrhous 14 5 0 
Superficial 0 74 0 
Broders 
Grades 1 & 2 6i 57 44 
Grade 3 33 25 40 
Grade 4 26 25 33 


dictable on the basis of Broders’ classifica- 
tion except that in the group with pernicious 
anemia there was little correlation between 
survival and grade of malignancy. 

With respect to the mucosal changes 
away from the carcinomatous lesions, the 
achlorhydria groups showed diffuse gastritis 
with mucous cell hyperplasia and intestinal- 
ization. The loss of chief and parietal cells 
was more complete in the pernicious anemia 
group. In those patients with acid present, 
the changes were less severe and for the 
most part were limited to the lower half 
of the resected specimens. 


Discussion 


Hitchcock et al.* found that, with respect 
to controls, there was a 3-fold increase in 
incidence of cancer of the stomach among 
patients with achlorhydria and an 18-fold 
increase in patients with pernicious anemia. 
However, gastric analysis has not proved to 
be a reliable screening test for gastric can- 
cer since the majority of carcinomas (69% 
in our series) arise in stomachs capable of 
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producing acid. Furthermore, the great ma- 
jority of ulcerated carcinomas of the distal 
portion of the stomach occur in association 
with production of acid. The presence of 
achlorhydria in patients suspected of having 
gastric carcinoma should direct the atten- 
tion of the clinician and the radiologist to 
the fundic and subcardial portions of the 
stomach. Lesions in these areas are usually 
difficult to examine and often fail to pro- 
duce symptoms until the tumor has attained 
a large size. Clinical "silence" in these bulky 
fundal tumors reflects their lack of ulcera- 
tion as a consequence of absence of peptic 
activity. Their situation, high in the stom- 
ach, eliminates the symptoms of gastric 
obstruction. 

Comfort and Vanzant ? stated that acidity 
decreases as the carcinoma enlarges, and 
ReMine et al.'? concluded that achlorhydria 
may indicate the presence of a diffuse neo- 
plastic process which is so extensive that 
the gastric secretory mechanism has been 
largely destroyed. However, the present 
study demonstrates that a large proportion 
of patients with scirrhous or diffuse car- 
cinomas involving all or almost all of the 
stomach still had some acid secretion. 

Gage eż al, Comfort et al. and others 
have pointed out that the postoperative 
5-year survival rate for patients who have 
gastric carcinomas 4 cm. or less in diameter 
is definitely higher than that for patients 
whcse lesions are larger than 4 cm. We 
have found that the survival rate after gas- 
trectomy for a small tumor is exceptionally 
favorable when the lesion is associated with 
achlorhydria with or without pernicious 
anemia, reaching 5-year survival rates of 
71 and 8396, respectively. 

Gastric cancer associated with atrophic 
gastritis end achlorhvdria has many charac- 
teristics which make it behave as a different 
entitv frcm cancer arising in stomachs with 
normal mucosa and preserved secretory 
capacity. It is not clear if these two types 
of cancer have different epidemiologic and 
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etiologic features. In patients with acid, 
carcinoma of the stomach develops mostly 
between 50 and 69 years of age while in 
patients with achlorhydria alone the growths 
develop between the ages of 60 and 79 
years; however, patients with cancer and 
pernicious anemia have an age distribution 
similar to that of patients with acid. Patients 
with cancer and achlorhydria show blood- 
group differences from those whose stom- 
achs are secreting acid. Thus, our findings 
coincide with those of Kgster et al who 
noted that blood type À occurred more fre- 
quently in patients with achlorhydria than 
in those secreting free acid. The observa- 
tions by McConnell? that the risk of car- 
cinoma of the stomach was greater for per- 
sons having blood type À than for those with 
blood type O and that there is a higher 
incidence of carcinomas arising near the 
cardia are well explained by our observa- 
tions that the majority of these patients 
belong to the group with achlorhydria. 
There is no universally accepted explana- 
tion of why patients with atrophic gastritis 
develop carcinoma in the upper segment of 
the stomach. However, in these patients, 
the process of cellular destruction is much 
more widespread in its effacement of the 
chief and parietal cells and their replace- 
ment by regenerating populations of mucous 
cells. In achlorhydric patients this process 
actually seems to be diffuse. Since a high 
incidence of adenomatous polyps and car- 
cinomas, both often multicentric, is seen in 
patients with such "atrophic" gastritis and 
mucous-cell hyperplasia, carcinogenesis due 
to a thwarted mechanism of regenerative 
repair is strongly suggested. Development 
of carcinoma in the pyloric and antral seg- 
ments of the stomach in patients with nor- 
mal fundic mucosa and acidic peptic secre- 
tion may be explained by the known sus- 
ceptibility of these segments to chronic 
peptic ulceration, reflux gastritis, mucous- 
cell hyperplasia, and intestinalization. The 
observations made by Judd * and Morson ° 


are in support of this destruction-repair 
hypothesis of gastric carcinogenesis. Fur- 
thermore, in the present series, of 28 pa- 
tients who had had gastroenterostomy for 
peptic disease 16 to 48 years before, in 22 
cancer developed around the gastrojejunal 
stoma where the most severe changes of 
“gastritis” had taken place. Only four had 
tumor between the stoma and the pylorus 
and only two had it above the stoma. 


Summary 


The relationship of gastric carcinoma to 
the status of the remaining gastric mucosa 
and its secretory capacity was studied in 
622 patients. Carcinomas of the stomach 
which develop in patients with atrophic 
gastritis and achlorhydria (138 cases) or in 
patients with achlorhydria and pernicious 
anemia (56 cases) are usually in the upper 
part of the stomach, are polypoid, fre- 
quently are multiple, and are of a low 
grade of malignancy. In contrast, in pa- 
tients with acid and normal gastric mucosa 
or mild gastritis (428 cases), small ulcerated 
carcinomas develop in the antral segment 
of the stomach, are single, and are of a high 
grade of malignancy. Postoperative survival 
is better in patients with achlorhydria, 
mainly due to the lower histologic grade 
of malignancy. Gastric analysis should di- 
rect suspicion to a particular area of the 
stomach. It is apparent that the mucosal 
background upon which a gastric cancer 
develops influences the clinical, pathologic, 
and prognostic characteristics of the tumor 
and, indeed, possibly its genesis. 
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DISCUSSION 


Dr. THropore Drapanas (New Orleans): We 
are indebted to Dr. ReMine for bringing to us 
again the difficult problem of carcinoma of the 
stomach. I had hoped that he would give us the 
reasons why there were marked differences in the 
two types of lesions, not only in terms of location 
but in terms of the malignant potential. 

I might add that on a recent trip to Japan I 
was very much struck, as I am sure many of 
you have been, not only by the higher frequency 
of gastric carcinoma but also by the peculiar dis- 
tribution of these lesions. Indeed, in one institution 
in Tokyo I saw five carcinomas of the proximal end 
of the stomach in patients who had achlorhydria. 
The apparent improved survival rates in such 
lesions, as Dr. ReMine pointed out to you, was 
correlated with achlorhydria and atrophic gastritis. 

I believe we should direct more attention to 
epidemiologic factors and possibly to the role of 
diet in the pathogenesis of these lesions. 

I would ask Dr. ReMine if he has any idea 
what the relationship is to diet that we are seeing 
around the world, particularly in certain countries 
like Finland and Japan. 


Dr. GanpxER W. SwrrH (Baltimore) :; Gastric 
carcinoma, as we all know, has shown a statistical 
decrease in incidence in this country over the past 
40 years; yet it is still by no means rare, and it 
certainly has an odious reputation. It is, therefore, 
worthy of note that 5-year survival figures in the 
50 to 70 per cent range can be achieved in se- 
lected patients, and most especially with such en- 
couraging results that may be obtained in patients 
with pernicious anemia and/or achlorhydria, since 
these have long been recognized as high risk 
groups. 

The differential diagnosis between benign and 
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malignant ulcers of the stomach is thought nowa- 
days to be highly successful, and generally ac- 
cepted as being better than 95 per cent reliable; 
indeed, our friends in gastroenterology will no 
longer accept concern about this differential as a 
surgical indication. 

It is, therefore, notable that some of the differ- 
ential diagnostic points related to the assessment 
of gastric malnignancy may not be reliable. Thus 
in this group of 622 patients only 31 per cent 
actually had achlorhydria and 29 per cent of 
these had pernicious anemia. 

Another commonly accepted clue, as Dr. Re- 
Mine points out in his manuscript, is the associa- 
tion between blood Group A and gastric cancer; 
and yet it would appear that, in fact, this asso- 
run pertains only to patients who have free 
acid. 

Accordingly Dr. ReMine has told us today, 
among other things, that blood typing and gastric 
analysis are of more value in estimating prognosis 
and in suggesting the location of the tumor than 
they are in the differential diagnosis. 

Dr. ReMine points out that the improved sur- 
vival rate in-patients with achlorhydria, with or 
without pernicious anemia, cannot entirely be 
explained on the basis of a more favorable his- 
tologic tumor type. Furthermore, he notes that the 
achlorhydria is associated with diffuse gastritis, 
with loss of chief and parietal cells, and with 
mucous cell hyperplasia. He goes on to speculate 
that perhaps, in addition to the diagnostic and 
prognosti? significance of these findings, they 
may bear some relationship to the genesis of 
gastric carcinoma as well. 

I would like to take the liberty of speculating 
just a bit further, and ask if it is possible that 
some autoimmune phenomenon related to the 
etiology of gastritis or even to the cause of 
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pernicious anemia may also serve to alter the 
characteristics and to limit the potential of the 
associated carcinoma. In other words, do these 
patients have an immunologic competence which 
protects them from the tumor? 

In this regard, it would be of interest to know 
whether these tumors are histologically derived 
from chief and parietal cells, or from mucous cells. 
Perhaps Dr. ReMine can answer this question 
and also tell us whether immunologic studies have 
been done in cases of gastric cancer; and if so, 
whether there is a difference between patients 
with or without achlorhydria. 

I think we must all be grateful to Dr. ReMine 
and his associates for further illuminating a sub- 
ject which, while declining in incidence, is cer- 
tainly no less threatening in its implications. 


Dr. GusrAvo G. R. Kuster (Closing): I thank 
Dr. Drapanas and Dr. Smith for their comments. 
I wish I could answer some of their questions. 

I want to point out only some aspects which 
are interesting in this study. One is: What is the 
diagnostic value of gastric analysis in patients 
with suspected carcinoma of the stomach? Ac- 
tually, it does not help too much. At least, it will 
not help really to differentiate a benign from a 
malignant ulcerative lesion of the distal portion of 
the stomach. It may help in a patient who is 
suspected strongly clinically of having carcinoma 
of the stomach which has not been seen on 
x-ray or other means, and the patient has achlor- 
hydria. Then the upper part of the stomach should 
be studied by x-ray, by gastroscopy or other 
means. 

A rather interesting thing is that, actually, there 
is not much correlation between the size of the 
lesion and the presence of achlorhydria. It is very 
unusual—almost not seen—that the reason for the 
achlorhydria has been replacement of the parietal 
cells by tumor; but on the contrary, it is the status 
of the remainder—the mucosa of the stomach— 
which gives the results of the gastric analysis. 

The discussors have pointed out the value of the 
prognosis that the gastric analysis has, and it is 
interesting to know if the patients with achlor- 


hycria have a better prognosis than those patients 
with acid. The reason is not very clear to me. 

In regard to etiology, it seems that these two 
groups are different in certain aspects. The group 
with achlorhydria is about 10 years older than 
the group with acid. The pick is between 60 and 
70 vears old for a patient with achlorhydria, while 
of the patients with acid and cancer the majority 
belcng to 50 to 60 years old. 

The other interesting finding was in regard to 
blocd groups. We did not want to go too much 
into this, but we found that of the patients with 
achlorhydria and also with pernicious anemia, 
more than 50 per cent belonged to Group A, 
while in patients with acid about 50 per cent 
have Group O. There was no difference in the 
distribution of B and AB Groups. This correlates 
well with other authors, who have found that pa- 
tients with A Group—Blood Type A—have more 
tendency to develop carcinoma of the upper part 
of the stomach, and they also have a better prog- 
nosis. Probably this is due to achlorhydria in these 
patients. 

In regard to etiology, I wish we could answer. 
The majority of the patients with achlorhydria 
belonged to the early patients in this series who 
were in the forties—and during the fifties the 
great majority were patients with acid. There may 
be some change in the type of gastric mucosa in 
the population, but I cannot go too much further 
on that, 

It is indeed very interesting to study any com- 
mon factors in the etiology of the gastric atrophy 
—such as autoimmune disease, or some sort of 
immunologic problem which is common with the 
etiology of cancer. I am sure that within the 
next 10 years we are going to be hearing much 
more about this. We cannot answer this at this 
moment. 

Dr. ReMine was questioning whether vagotomy 
may change the ground of the gastric mucosa, 
and whether we may be producing achlorhydria 
artificially, inducing some sort of atrophy for the 
future and producing the ground for the de- 
velopment of cancer. I do not know. I guess we 
have to wait and see. 


A New Operation for the Dumping Syndrome 
and Post-Vagotomy Diarrhea 


J. Lynwoop Herrincron, jR, M.D., Jonn L. Sawyers,* M.D. 


From the Department of Surgery, Vanderbilt University Medica: Center, and the Surgical Services 
of St. Thomas Hospital and the Metropolitan General Hospital, 
Nashville, Tennessee 


WITEN recent years remedial operations 
have been employed in highly selected 
cases for control of disabling vasomotor and 
gastrointestinal symptoms which sometimes 
follow operations on the stomach and duo- 
denum.* +5 6° The value of interposing a 
short antiperistaltic jejunal segment be- 
tween the gastric pouch and duodenum in 
such cases has been demonstrated by both 
Poth 12.1% 14 and Schlicke,1*1® and the 
merits of placing a reversed segment be- 
tween the gastric remnant and proximal 
jejunum have been cited by Jordan.* ? 

In a recent communication the authors 17 
described 20 patients seen over an 8-year 
period with disabling vasomotor and gastro- 
intestinal disturbances following either ade- 
quate subtotal gastrectomy or vagotomy 
with antrectomy or pyloroplasty. Each of 
these patients was markedly improved by 
reoperation consisting of interpolating an 
8 to 10 cm. antiperistaltic jejunal segment 
between the gastric pouch and duodenum. 
Each of the patients experienced consider- 
able weight loss following the initial opera- 
tion, many were anemic, and none was 
able to pursue a gainful occupation. Follow- 
ing the jejunal reversal interposition pro- 
cedure each patient gained weight, anemia 
was corrected and vasomotor and gastroin- 
testinal symptoms were either totally al- 
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leviated or markedly improved. In a cur- 
rent reappraisal of these 20 patients, one 
has recently developed obstruction due to 
stenosis and ulceration in the interposed 
segment. This was the first patient subjected 
to a reversal procedure in our clinical study, 
and the segment was unquestionably con- 
structed too long. Following reoperation 
with insertion of a segment of shorter 
length, the patient is now asymptomatic. 
The remaining 19 patients continue to do 
well (Fig. 1). 

During the past 5 years the authors have 
likewise treated nine patients with disabling 
postvagotomy diarrhea by reversing a short 
jejunal segment (10 to 12 cm. in length) at 
a distance 100 em. beyond Treitz's ligament 
with reanastomosis in continuity. Prior to 
jejunal reversal each patient experienced 
from 10 to 25 watery stools each day, ex- 
cessive weight loss took place, and anemia 
was a common finding. This type of diar- 
rhea was explosive in onset, occurred as 
a rule in the interval between meals, and 
would awaken the patient from sleep. Thus 
it was distinct from diarrhea associated with 
meals and was unaccompanied by symp- 
toms which characterize the dumping syn- 
drome. The diarrhea was attributed solely 
to vagotomy effect. Following jejunal re- 
versal at the 100 cm. level, diarrhea has 
been alleviated in all cases, and each pa- 
tient now experiences one to three stools 
per day (Fig. 2). 
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Postoperative studies carried out on the 
metabolic ward in the two groups of pa- 
tients cited above have releaveld some in- 
teresting observations. An attempt was 
made to gain further information as to the 
effect of a reversed jejunal segment, con- 
structed 100 cm. below Treitz’s ligament, 
on the vasomotor and gastrointestinal symp- 
toms of the dumping syndrome. When a 
patient with such a reversal was challenged 
with 150 cc. of 50% orally administered 
glucose, typical weakness, sweating, pal- 
pitations, and intestinal cramping occurred. 
The desire to defecate also took place. 
These studies suggested that a jejunal re- 
versal constructed 100 cm. distal to Treitz’s 
ligament was of no value in preventing the 
vasomotor symptoms of the dumping syn- 
drome and was not totally effective in elim- 
inating diarrhea associated wtih dumping. 

When postoperative studies were per- 
formed in the group with a jejunal reversal 
interposed between the gastric remnant 
and duodenum, symptoms of the dumping 
syndrome either did not take place or oc- 
curred to a mild degree in a few patients. It 
has, however, been observed in our experi- 
ence that a patient with a jejunal reversal 
interposed between the gastric pouch and 
duodenum but who has undergone prior 
truncal vagotomy may still experience ex- 
plosive diarrhea, unassociated with dump- 
ing. This is thought to result from the effect 
of vagotomy. 

As a result of these clinical and experi- 
mental observations, it occurred to us that 
perhaps the occasional patient who experi- 
ences both severe vasomotor symptoms of 
the dumping syndrome and disabling post- 
vagotomy diarrhea might be benefited by 
the insertion of two separate jejunal re- 
versals: one interposed between the gastric 
remnant and duodenum and the other con- 
structed 100 cm. below Treitzs ligament 
( Fig. 3). 

During the past 4 years we have had oc- 
casion to study three such patients and to 
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Fic. 1. Results among 20 patients with an anti- 

peristaltic jejunal segment interposed between the 

astric remnant and duodenum for treatment of 
disabling dumping symptoms. 


perform a double jejunal reversal on each. 
A detailed clinical study of these three pa- 
tients constitutes the basis for this report. 


Case Reports 


Case 1. L. S., a 44-year-old man, was admitted 
to the hospital on 4/16/68 with severe vasomotor 
symptoms, anorexia, and weakness, occurring 
shortly after meals. In addition, explosive diarrhea 
was experienced consisting of 10 to 15 loose stools 
each 24 hours. There had been an accompanying 
30-pound weight loss. Symptoms dated to 10 years 
prior, at which time the patient had undergone 


JEJUNAL REVERSAL 


IN 9 PATIENTS WITH 
POST-VAGOTOMY DIARRHEA 
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Fic. 2. Results among nine patients undergoing 
jejunal reversal 100 cm. distal to Treitz’s ligament 
for disabling post-vagotomy diarrhea. 
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Fic. 3. Artist's sketch depicting the double 
jejunal reversal. 


bilateral truncal vagotomy and 50% distal gas- 
trectomy for a complicated duodenal ulcer. Opera- 
tion symptoms had become progressively worse and 
the patient was forced to leave his job as a hos- 
pital administrator. He had been on intensive med- 
ical treatment consisting of diet, antispasmodics, 
opiates and Lomotil without benefit. 

Examination revealed a chronically ill, appre- 
hensive man. Chest x-ray, EKG, and liver function 
studies were normal No anemia was present. 
Barium enema was not remarkable. Gastrointestinal 
series revealed no evidence of a recurrent ulcer 
but there was rapid emptying of the gastric pouch 
and rapid transit of the contrast media throughout 
the small intestine (Fig. 4). The patient passed 
the barium motor meal per rectum within 30 min- 
utes of ingestion. It was felt that a double jejunal 
reversal procedure was indicated in view of the 
rapid gastric emptying with severe vasomotor 
symptoms and for relief of the postvagotomy diar- 
rhea. 

On 4/23/68 a jejunal segment measuring 12 
cm. in length was reversed with reanastomosis 100 
cm. distal to Treitz's ligament, and a second jejunal 
reversal 10 cm. in length was interpolated between 
the gastric remnant and duodenum. The postopera- 
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tive course was uneventful and the patient was 
discharged on the 14th postoperative day. 
Folowing discharge the patient was relieved 
of all vasomotor symptoms, and the diarrhea abated 
completely. During the following 3 months there 
was a 40-pound weight gain, and the patient was 
able to return to his job as hospital administrator. 
A recent follow-up study now more than 3 years 
after remedial operation revealed the patient to be 
in excellent health. He has no dietary discretions 
and is able to consume carbohydrates without un- 
pleasant sequelae. A gastrointestinal series and ciné 
fluoroscopic study reveal slow and  piece-meal 
emptying of the gastric remnant with reversed 
peristalsis noted in the interposed jejunal segment. 
The reversal at 100 cm. below Treitz's ligament 
cannot be visualized on ciné fluoroscopy, but transit 
time is normal throughout the entire length of 
small intestine (Fig. 5). 


Case 2. E. S., a 64-year-old man, was admitted 
to the hospital in 1962 with a duodenal ulcer of 
many years duration which was not producing 
intractable pain. He was treated with a bilateral 
truncal vagotomy and Weinberg pyloroplasty. Fol- 
lowing operation the patient developed severe 
vasomotor symptoms and diarrhea up to 18 stools 


«e 





Fic. 4. (Case 1) Preoperative barium contrast 
study showing rapid evacuation of the gastric 
pouch and rapid transit of the medie throughout 
the length of the small intestine. 
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Fic. 5. (Case 1) Postoperative gastrointestinal 
study showing restoration of reservoiz function of 
the gastric remnant following placement of the 
proximal reversal and restoration of normal in- 
testinal transit following placement of the distal 
reversal. 


per day. Over the next 36 months he lost 60 
pounds in weight. He was readmitted to the hos- 
pital in 1965 and placed on a strict postgastrectomy 
regimen, but symptoms were not controlled. He 
was again admitted to the hospital in 1966 and a 
15 cm. segment of jejunum was reversed and re- 
anastomosed at a site 75 cm. distal to Treitz's 
ligament. This resulted in a decrease in stool 
frequency to one to three formed movements 
each 24 hours. The vasomotor symptoms of the 
dumping syndrome, however, persisted and con- 
tinued to be severe. 

During the following 2 years, the dumping 
symptoms remained unchanged, and on October 
30, 1968, the gastric antrum was excised and a 
10 cm. antiperistaltic segment of proximal jejunum 
was interposed between the gastric pouch and the 
duodenum. 

Following insertion of this second reversal the 
patient complained of fullness after eating, and 
repeat gastrointestinal studies showed dilatation 


of the second and third portions of the duodenum 
with partial obstruction at the level of the latter 
site. At reoperation the mesenteric pedicle of the 
reversed jejunal segment which had been placed 
between the gastric pouch and the duodenum was 
impinging on the third portion of the duodenum 
producing obstruction. The ligament of Treitz was 
freed up and the fourth portion of the duodenum 
was transposed to the right of the mesenteric 
pedicle. A duodenojejunostomy was also performed 
as an added precaution against recurrence. Post- 
operative barium studies showed slow emptying of 
the gastric pouch and no dilatation or obstruction 
of the duodenum. The patient has remained well 
over a follow-up period exceeding 3 years. Recent 
ciné fluoroscopic and radiographic studies show 
that the reversals at both levels continue to main- 
tain polarity. Forceful counterperistalsis, alternat- 
ing with relaxation, can be observed fluoroscop- 
ically throughout the length of both reversals 
( Fig. 6). 


Case 3. J. L. B., a 28-year-old man, entered 
the hospital on 6/1/70 with a 12-month history of 
weakness, palpitation, nervousness, and pronounced 
diarrhea consisting of 15 to 20 loose stools each 
day. A 25-pound weight loss had taken place in 
recent months. Symptoms dated from a truncal 
vagotomy and gastric resection performed 15 





Fic. 6. (Case 2) Postoperative barium studies 
depicting slow evacuation of the gastric pouch and 
correction of intestinal hurry throughout the small 
intestine. 
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Fic. 7. (Case 3) Upper gastrointestinal study 
showing rapid emptying of the gastroduodenostomy 
with the barium mixture reaching the distal small 
intestine in a matter of several minutes. 


months prior for a chronic duodenal and pyloric 
channel ulcer. During the interim since operation 
the patient had been hospitalized several times. 
No anemia was found present, but gastrointestinal 
studies revealed rapid emptying of the gastric 
pouch and evidence of rapid transit throughout 
the small intestine. No recurrent ulcer was demon- 
strated and gastric secretory studies revealed the 
absence of free hydrochloric acid. The serum 
gastrin assay was negative. Rigid medical manage- 
ment failed to produce improvement of symptoms, 
and the patient was totally disabled for work. 

At this admission gastrointestinal studies again 
showed rapid evacuation via the gastroduodenos- 
tomy with the barium motor meal reaching the 
colon in a matter of several minutes (Fig. 7). 
Since all attempts at conservation had failed, it 
was felt the patient was a candidate for a double 
jejunal reversal procedure. At operation on 6/5/70, 
a 12 cm. jejunal segment was reversed 100 cm. 
beyond Treitz's ligament and a second 10 cm. 
reversal was interposed between the gastric rem- 
nant and the duodenum. The postoperative course 
was excellent. 
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Over an 18-month follow-up the patient has 
noted marked improvement. He no longer experi- 
ences vasomotor symptoms of the dumping syn- 
drome, and when challenged with a high carbo- 
hydrate meal, dumping does not take place. The 
stools have diminished in number to one to three 
formed movements daily. No longer is he awakened 
at night with the urge to defecate. Gastrointestinal 
series and ciné fluoroscopy reveal normal emptying 
of the gastric pouch, and the mixture may be seen 
to regurgitate from the reversed segment back into 
the gastric remnant. A pseudo valve-like effect is 
observed at the gastrojejunal anastomosis. No evi- 
dence of esophageal reflux is present. The empty- 
ing time of the gastric pouch is similar to that of 
a normal individual. The reversed segment in the 
proximal jejunum cannot be visualized on ciné 
study, but intestinal transit has returned to normal. 
The patient has gained 12 pounds and has re- 
turned to work (Fig. 8). 


Surgical Technic 


After entering the peritoneal cavity, lysis 
of adhesions from the previous gastric op- 
eration is first performed, after which a 
thorough exploration of the abdominal con- 
tents is carried out. The gastric pouch is 
next freed from surrounding structures and 
the previous gastroduodenal or gastroen- 
teric anastomosis, depending upon the type 
reconstruction present, is dissected free. 

We prefer to perform the distal jejunal 
reversal as the first definitive step in the 
operation. The ligament of Treitz is identi- 
fied and using a sterile mental rule, a site 
is selected on the jejunum 100 cm. distal to 
the above mentioned ligament. This mea- 
surement is made from the antimesenteric 
border of the intestine. At this level a 10 
to 12 cm. segment of bowel is isolated and 
divided between atraumatic clamps. It is 
necessary to divide only one or two mesen- 
teric vessels at either end of the isolated 
segment, and the division is not carried 
deep into the mesenteric root. Following 
ligation and division of the mesenteric ves- 
sels, the segment is rotated (usually coun- 
ter-clockwise) 180? and reanastomosed in 
continuity. An inverting 2-layer anastomosis 
is preferred. Interrupted fine silk is used for 
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Fic. 8. (Case 3) Post- 
operative study revealing 
normal emptying of the 
gastric pouch and delayed 
transit of the contrast 
media throughout the 
small intestine. 


the outer layer, and fine continuous chromic 
catgut for the inner layer. The reversed 
segment usually contracts to a length of 
6 to 8 cm., but this contraction is temporary. 
Extreme care should be taken to insure that 
counter-rotation does not interfere with the 
vascular supply to the segment, and that 
division of the adjacent mesentery is suffi- 
cient to prevent vascular impairment when 


Fic. 9. Artist's sketch 
depicting the technic used 
in constructing both the 
distal and proximal jejunal 
reversal. 
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the segment is rotated. The small mesen- 
teric defects created near the superior and 
inferior limits of the reversed segment are 
closed with silk sutures. 

Attention is now directed to performing 
the proximal reversal. If a Billroth I recon- 
struction was originally carried out, the gas- 
troduodenal anastomosis is dismantled by 
applying non-crushing clamps to the distal 






30-40 CM 
FROM LIGAMENT 
OF TREITZ 


IOO CM FROM 
LIGAMENT OF TREITZ 





100 CM FRO 


M 
LIGAMENT OF TREITZ 


Fic. 10. In constructing a jejunal reversal for 
treatment of disabling dumping symptoms after a 
Billroth II type resection with antecolic gastro- 
jejunostomy, the distal portion of the afferent je- 
junal limb may be utilized as the reversed segment. 


gastric remnant and proximal duodenum. 
The intervening anastomotic area is then 
excised. The ligament of Treitz is again 
identified and approximately 30 to 40 cm. 
distal to the ligament a limb of jejunum is 
selected, elevated, and delivered through 
the space of Riolan in the transverse meso- 
colon. The jejunal limb is next interposed 
between the gastric remnant and duo- 
denum. The limb is directed anatomically 
from right to left when it is delivered 
through the mesocolon so that it lies anti- 
peristaltic in its relation to the gastric rem- 
nant and duodenum. Next an 8 to 10 cm. 
segment of the limb is isolated and divided 
between atraumatic clamps. The distal end 
of the isolated jejunal segment is anasto- 
mosed to the gastric remnant using a two- 
layer suture technic, and the proximal end 
is anastomosed to the duodenum. An outer 
layer of interrupted silk and an inner layer 
of fine chromic catgut are generally em- 
ployed. The jejunal limb proximal and the 
limb distal to the interposed segment are de- 
livered below the transverse mesocolon and 
end-to-end jejunojejunostomy performed to 
restore alimentary community. The rent in 
the space of Riolan is closed with inter- 
rupted silk sutures (Fig. 9). 
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If the original gastric resection was of the 
Billroth II type with antecolic gastrojejunos- 
tomv, a portion of the gastroenterostomy 
mav be left intact and the distal portion 
of the afferent (antiperistaltic) limb of 
jejunum utilized as the reversed segment 
to be anastomosed to the opened duodenal 
stump. In such circumstances the Soupault- 
Baucille maneuver may be employed.*° The 
efferent (isoperistaltic) limb of jejunum is 
divided flush with the gastroenterostomy 
and the proximal end (end near the stom- 
ach) closed. The afferent (antiperistaltic ) 
jejunal limb is divided 8-10 cm. from the 
gastronteric stoma and this 8-10 cm. distal 
portion of the afferent limb is anastomosed 
to the opened duodenal stump using a two- 
layer suture technic. The proximal divided 
end of the afferent jejunal limb is next anas- 
tomosed to the distal divided end of the 
efferent jejunal limb to restore jejunal con- 
tinuity (Fig. 10). Since the original gastro- 
enterostomy in such circumstances was con- 
structed anterior to the colon, the mesentery 
of the reversed jejunal segment placed be- 
tween stomach remnant and duodenum will 
likewise lie anterior to the transverse colon. 
Care should be taken that the colon does 
not produce tension on the mesentery of 
the transposed jejunal segment. This usually 
presents no problem if the original surgeon 
utilized a long afferent jejunal limb in con- 
structing the antecolic gastrojejunostomy. 
However, if the afferent jejunal limb is rela- 
tively short, the distal portion of the limb 
should not be employed as the reversed seg- 
ment for anastomosis to the duodenal out- 
flow tract. Tension on the jejunal mesentery 
and pressure exerted by the transverse colon 
are undesirable and could lead to signifi- 
cant complications. Under these circum- 
stances and likewise when confronted with 
a short or no loop retrocolic gastrojejunos- 
tomy, the entire gastroenterostomy should 
be first taken down, and end-to-end anasto- 
mosis between the afferent and efferent 
jejunal limbs performed, and a separate 8 


NEW OPERATION FOR DUMPING SYNDROME 797 


to 10 cm. segment of jejunum at a level 30 
to 40 cm. distal to Treitz’s ligament used for 
the proximal reversal (Fig. 11). 

When confronted with a short afferent 
jejunal limb after a Billroth II type re- 
section with retrocolic gastrojejunostomy, 
Grassi ? of Rome has described an alternate 
maneuver. He divides the afferent jejunal 
limb just to the left of the ligament of Treitz 
after freeing the ligament. He then anasto- 
moses the distal portion of the afferent limb 
to the second or third portion of the duo- 
denum in an end-to-side manner. The effer- 
entj jejunal limb is next divided at the gas- 
troenterostomy site. The end nearest the 
stoma is closed, and the distal end of the 
efferent jejunal limb is anastomosed to the 
proximal end of the afferent jejunal limb at 
the level of Treitz's ligament (Fig. 12). 

Each anastomosis and both antiperistaltic 
jejunal segments should be carefully in- 
spected prior to closure of the abdomen. 
Complete viability, forceful pulsations in 
the mesenteric vessels of the isolated seg- 
ments, and vigorous counterperistalsis of 
the segments must be assured. 


Discussion 


Double reversals, each constructed along 
the course of the small bowel, have been 
employed to prolong transit time following 
massive small bowel resection, but to our 
knowledge double reversals have not been 
previously reported for treatment of dis- 
abling dumping coexistent with severe post- 
vagotomy diarrhea. 

For alleviation of disabling vasomotor 
and gastrointestinal symptoms of the dump- 
ing syndrome, the placement of a jejunal 
reversal at a high level in the gastrointes- 
tinal tract appears logical. Stemmer 2? has 
stressed the importance of placing the re- 
versal as close to the distal extremity of 
the gastric pouch as possible in order to in- 
sure a slow egress of hyperosmolar contents 
from stomach to proximal jejunum. A je- 
junal reversal constructed at a level 75 to 





Fic. 11. When constructing a jejunal reversal 
for the treatment of dumping symptoms following 
a Billroth II resection with a short retrocolic gas- 
trojejunostomy or no-loop gastrojejunostomy, the 
entire gastroenterostomy should be dismantled and 
a separate isolated segment of proximal jejunum 
used for the reversed segment. 


100 cm. below Treitz’s ligament for treat- 
ment of severe dumping symptoms does not 
sufficiently prolong the emptying time of 
the gastric pouch and does not effectively 
reduce the rapid rate of discharge of food- 
stuffs into the proximal jejunum. This was 
vividly brought out in Case 2 in the pres- 
ent study which serves as a beautiful clin- 





Fic. 12. Method employed by Professor Grassi 
to construct a proximal jejunal reversal following 
a Billroth II type resection with short retrocolic or 
no-loop gastrojejunostomy. 
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ical experiment. Although the jejunal re- 
versal constructed 75 cm. distal to Treitz's 
ligament was effective in controlling post- 
vagotomy diarrhea, severe dumping symp- 
toms persisted which were later completely 
abolished by construction of a reversal be- 
tween the gastric remnant and duodenum. 
Fortunately postvagotomy diarrhea is se- 
vere and disabling in only a very small num- 
ber of patients. This type diarrhea occurs 
independent of symptoms related to the 
dumping syndrome and is not influenced by 
a jejunal reversal placed between the gas- 
tric pouch and duodenum. This diarrhea is 
often explosive in onset, is unrelated to 
meals, and may consist of 10 to 20 watery 
stools each 24 hours. The construction of a 
jejunal reversal 75 to 100 cm. distal to 
Treitzs ligament has been found by other 
observers to be extremely effective in con- 
trolling this form of diarrhea. The physio- 
logic delay in the passage of foodstuffs in 
the proximal small intestine produced by 
the jejunal reversal results in increased ab- 
sorption of water, carbohydrates, fats, and 
protein. According to Madding,'^"* a je- 
junal reversal at the 100 cm. level likewise 
reflexly affects the motility of the intestine 
distal to the reversal, and intestinal hurry 
is abolished throughout the entire length of 
the small intestine. This observation has 
been likewise confirmed in our clinical 
studies for transit time from mouth to right 
colon has been prolonged by the use of the 
reversed segment. In our ciné fluoroscopic 
and radiographic studies, both motility pat- 
terns and intestinal tract contours have been 
restored to normal in the small intestine 
distal to the site of the reversed segment. 
The desired level for construction of the 
reversed segment to produce optimum re- 
sults is unknown at present, but according 
to Madding *° a site approximately 100 cm. 
below Treitz’s ligament has given best re- 
sults. Jordan * constructed a reversal in the 
distal ileum for treatment of postvagotomy 
diarrhea with a poor result. His experiences 
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with reversals placed at the 100 cm. level 
have, however, proved satisfactory. In con- 
structing the distal reversal we have en- 
countered no complications from rotating 
the isolated segment 180° counter-clockwise 
on its vascular pedicle. Both Poth '* and 
Rygick '* have devised ingenious methods 
for constructing a jejunal reversal which 
does not entail twisting the mesenteric 
pedicle. 

In Case 2 at reoperation for insertion of 
a reversed jejunal segment between the gas- 
tric remnant and duodenum, we were af- 
forded the opportunity to inspect directly 
a reversal at the 75 cm. level constructed 
2 years previously. The reversal had only 
slightly hypertrophied, had preserved its 
original length, and continued to maintain 
polarity with vigorous counterperistalsis. It 
is our current opinion that the distal jejunal 
reversal should not exceed 15 cm. in length 
and the proximal reversal should be 8 to 10 
cm. long. Also we continue to feel that 
complimentary vagotomy is not contrain- 
dicated when constructing a jejunal reversal 
for control of symptoms of the dumping 
syndrome. When constructing a jejunal re- 
versal between the gastric remnant and 
duodenum in a patient who has had a pre- 
vious vagotomy and pyloroplasty, we think 
it desirable to excise the gastric antrum be- 
fore interposing the reversed segment. Pres- 
ervation of the antrum in the presence of 
a reversed segment might conceivably pro- 
duce stasis, hypersecretion of gastrin, and 
ulcer formation. Stemmer,?" 22 however, has 
retained the antrum when constructing a 
reversal for dumping symptoms following 
vagotomy and pyloroplasty. He feels it is 
undesirable to sacrifice any gastric tissue 
and has not observed pouch ulceration 
among six patients over a several year fol- 
low-up. When interpolating the proximal 
reversal the importance of avoiding tension 
on the mesentery of the interposed segment 
should again be emphasized. Also, when the 
reversal is delivered retrocolic for interposi- 
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tion, extreme caution must be exercised to 
prevent angulation, twisting of the mesen- 
tery, and compression of the duodenum. 

During the follow-up evaluation, thus far, 
none of the three patients experiences ap- 
preciable postprandial fullness and no ob- 
structive phenomenon has occurred. The 
overall improvement has been gratifying. It 
should be emphasized, however, that the 
use of a double jejunal reversal has limited 
application as a remedial operation, but in 
the rare patient who suffers disabling vaso- 
motor symptoms and severe and explosive 
diarrhea, such a procedure may have merit 
in restoring an otherwise debilitated indi- 
vidual to a useful and gainful life. 


Summary 


Three patients suffering from severe 
dumping symptoms in combination with 
disabling postvagotomy diarrhea were each 
treated by a double jejunal reversal. One 
reversal was placed between the gastric 
pouch and duodenum for control of symp- 
toms of the dumping syndrome, and a sec- 
ond reversal was constructed in the prox- 
imal jejunum to control postvagotomy diar- 
rhea. 

Sufficient time has now elapsed- for an 
interval evaluation, and it is gratfying to 
observe that both the dumping syndrome 
and vagotomy diarrhea have been alleviated 
in each of the three patients. 

Ciné fluoroscopic studies demonstrate 
that the jejunal reversals over an 18 to 48- 
month follow-up have maintained their 
original polarity and continue to produce 
physiologic delay in the passage of con- 
trast media from the gastric remnant and 
throughout the length of the small intestine. 
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DISCUSSION 


Dr. Ross H. RurLEpck (Fort Worth): Dr. Her- 
rington has given us another excellent presenta- 
tion on the surgical treatment of vagotomy diarrhea 
and the dumping syndrome. I have had the oppor- 
tunity to study his paper, and found it extremely 
interesting. 

My own experiences with gastric remedial 
surgery include 16 cases. Several of these have 
been isoperistaltic jejunal segments for afferent 
loop problems and bilious vomiting, but most of 
them have been antiperistaltic segments for va- 
gotomy diarrhea and dumping. I remain very 
pleased with these results. 

[Slide] One of my patients also has a double 
jejunal reversal very similar to Dr. Herrington's 
second patient. This gentleman had a vagotomy 
and pyloroplasty, developed severe dumping, diar- 
rhea, and subsequently developed gallstones. Ap- 
proximately 2 years later I reoperated on him, 
removed his gallbladder, and reversed a 10 cm. 
segment approximately 100 cm. below the liga- 
ment of Treitz. This did not improve him at 
all. The film on your left shows a GI series 30 
minutes after the ingestion of barium, and you 
can see the barium already in the right colon 
despite the jejunal reversal. The patient contin- 
ued to deteriorate and lost more weight. I sub- 
sequently reoperated on him again, resected his 
antrum, put in a second reversed segment of 
jejunum, this time between the stomach and 
duodenum. 

Subsequent to this he has gained about 25 
pounds, has one to two bowel movements a day, 
and is totally pleased. The film on your right is a 
barium study 1 hour after barium ingestion after 
the last operation, and shows the barium still 
mostly in the stomach and upper small bowel. 

From the reports of the Leeds, York trial, it is 
very clear that vagotomy adds significantly to the 
diarrhea after gastric surgery. Most of the patients 
that I have seen have had a mixture of dumping 
and vagotomy diarrhea rather than a pure form 
of one or the other. My best results have been 
with a short antiperistaltic segment between the 
stomach and duodenum. I think this higher level 
corrects more of the altered physiology. It is 
technically more difficult, but I think the results 
are well worth it. 

In general, I prefer the retrocolic position for 
the segment, and if the original procedure was a 
pyloroplasty and vagotomy, I have resected the 
antrum and put in the segment there. I have not 
had to put in a second segment if the original 
segment was at the upper level, between the 
stomach and duodenum, rather than at the lower 
level, 100 cm. below the ligament of Treitz. 

I would like to ask Dr. Herrington if he has 
had to reoperate on someone to put in a second 
segment if he has put the original one up between 
the stomach and duodenum. 
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I would also like to ask him if he has done any 
provocative studies for dumping preoperatively, 
and if he has done any primary antiperistaltic 
jejunal reconstructions, as Dr. Hedenstedt has 
done, on some of these patients who he suspects 
will have a bad nutritional result. 


Dr. Duncan SHEPARD (Atlanta): There are a 
couple of historical facts about this operation 
that might be of some interest. It shows, perhaps, 
that surgery progresses slowly, in that the first 
reversal of a bowel loop was reported in 1896 
by Mall, Volume I, Johns Hopkins Reports, and a 
footnote says that a young surgeon named William 
Halsted did the scutwork for him in the dog lab. 

Dr. Herrington is on firm ground in that as far 
back as 1965 Keller and co-workers found delay 
in gastric emptying in dog experiments using what 
they called paired reverse loops. 

I have been interested in people with post- 
operative dumping, and my experience has been 
that very often some of this is due to vagotomy, 
but some of it is just plain dumping. If you talk 
to these patients, they all have diarrhea. They 
do not all have the explosive postvagotomy diar- 
rhea, but their symptoms of immediate dumping 
and then the hypoglycemic symptoms that occur 
at 214 to 3% hours are so disagreeable that they 
continually talk about this problem, and never 
report the diarrhea unless you ask them. And if 
you ask them, they will say: "Well, I used to 
have about one stool a day, but now I have been 
having three a day since I was operated on." 
Others will have up to 20 or 30 a day. 

Before I reversed a loop of bowel, I have tried 
to study the transit time and the four glucose 
tolerance tests. I have found Povan to be the 
cheapest, most accurate and most exciting agent 
to use. 

It should be given right after a meal or with a 
meal, because if it is given at bedtime, the bowel 
is relatively at rest, and a falsely long transit 
time will result. If it is given with breakfast, 
lunch or with supper, you will get a much quicker 
transit time. 

Another method of checking is with a GI series 
and if 100 Gm. of glucose is added in with the 
barium, these people will all get the barium in 
the right colon in 5 to 20 minutes at the most, 
then there will be two ways of checking post-op. 

A 4-hour glucose tolerance test at about 2, 2% 
to 3 hours, if they are real dumpers, will show 
a blood sugar of 45, 42, 48. It is wise to have 
some 50 per cent glucose around, because I have 
had to stop two of them because the patient went 
into hypoglycemic shock. 

Then there is another way. This same glucose 
tolerance test is interesting to do post-op to see 
that taking sweets does not cause immediate 
dumping as it does pre-op. It does not cause the 
shakes, the sweats and the hypoglycemic symptoms 
at 2% to 3 hours post-op. 
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I have done this procedure as a single reverse 
loop on only three patients, all of whom had some 
diarrhea. One had had a Billroth I anastomosis 
after antrectomy, so we cannot involve the vagus 
there. One had had three gastrectomies, one for 
gastric ulcer; then he developed a duodenal ulcer 
with crater and intractability and hemorrhage. 
That was resected after which he developed 
tuberculous pneumonia. The internist gave him 
para-aminosalicyclic acid, and as I figured he 
would, he developed a gastric ulcer, which we 
excised. 

He was having 25 to 30 stools a day. He was 
6'5" and his normal weight was 170. When I did 
the reversal he weighed 122, and 8 months later 
he weighed 206 pounds and was back driving a 
tractor trailer truck. 

I would like to ask Dr. Herrington if he has 
tried just doing the one reversal at 100 cm., 
using 12 to 15 cm. of reversed bowel first, to 
see if this would be sufficient. It has been suffi- 
cient in my three patients, and it is a very 
easy operation. You do not have to use bowel 
that has been traumatized and previously scarred. 
If this has not been successful as the first pro- 
cedure then other reversal should be used. 


Dn. Joun L. Sawyers (Closing): We would 
certainly like to thank Dr. Rutledge and Dr. 
Shepard for their remarks. Both these men have 
been pioneers in developing remedial operations 
for dumping and postvagotomy diarrhea, and we 
are certainly interested to hear about their ex- 
periences. 

To answer their questions, Dr. Rutledge, we 
have not used prophylactic antiperistaltic jejunal 


segments to prevent the dumping syndrome. We 
have not investigated a provocative dumping test. 
This has been reported by some Danish surgeons 
who recently visited our institution. We were not 
too impressed that this was a good test before 
operation to tell which patients would dump. We 
want to await further developments. 

To answer Dr. Shepard’s question about 
whether we have used a single distal reverse 
jejunal segment, our second patient, whom Dr. 
Herrington presented, had a 10 cm. reversed 
jejunal segment placed in the distal jejunum and 
this palliated his postvagotomy diarrhea, but did 
not affect his dumping symptoms. Therefore a 
second reversal was put in. 

We do not know the etiology of either post- 
vagotomy diarrhea or the dumping syndrome. 
The insertion of antiperistaltic jejunal segments is 
an empirical operation which we have found to be 
palliative. The reversed segment exerts a mechani- 
cal effect which slows down the transit time. 
The movie shows a rapid to-and-fro motion in 
the antiperistaltic segments, then a little of the 
barium motor meal goes on through the segment, 
but transit time is markedly slowed. (Film) 

This is the barium coming down into the 
stomach. The antiperistaltic segment is marked 
by the silver clips. You can see the back-and-forth 
churning here in the reversed segment. 

Here we are at the segment between the gas- 
tric pouch and the duodenum, with the to-and-fro 
motion, and then gradual passage of the barium 
on down to the distal segment. This segment has 
been in for 5 years, and the other segment has 
been in for 3 years, so that these segments do 
maintain their effectiveness. 
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Avaliacáo do Risco Operatorio em Casos Cirür- 
gicos Incommuns. Guanabara Koogan, S. A., 
231 pages, 1970. 

Müller, M. E., Allgówer, M., Willenegger, 
H.: Manual of Internal Fixation. Springer-Ver- 
lag, 297 pages, 306 figures, 1970, $43.50. 

Edited by: McNeill, J. Malcolm, M.D., Rob- 
bins, Laurence L., M.D.: X-Ray Seminar Cases 
of the Massachusetts General Hospital. Little, 
Brown and Co., 261 pages, 1971, $22.50. 

Edited by: Conn, Howard F., M.D., 331 
Contributors: Current Therapy 1971. W. B. 
Saunders Co., 836 pages, 1971, $16.00. 

Edited by: en h Henry I., M.D., Zohman, 
Burton L., M.D.: Coronary Heart Disease. J. 
B. Lippincott Co., 502 pages, 1971. 

Anson, Barry J., M.A., Ph.D. (Med.Sc.), 
McVay, Chester B., Ph.D., M.D., F.A.CSS.: 
Surgical Anatomy: Volumes 1 and 2. W. B. 
Saunders Co., 1242 pages, 1971. 

Edited by: Fergusson, J. D., M.A., M.D., 
F.R.C.S., Williams, J. P., M.Chir., F.R.C.S.: 
Operative Surgery, Vol. 12: Genito-Urinary 
System. J. B. Lippincott Co., 400 pages, 1970, 
$31.00. 

Edited by: Roberts, D.W.T., M.A., M.Chir., 
F.R.C.S., F.R.C.O.G.: Operative Surgery, Vol. 
13: Obstetrics and Gynaecology. J. B. Lippin- 
cott Co., 210 pages, 1971, $18.00. 

Elias, Hans: Basic Human Anatomt as seen 
in the Fetus. Warren H. Green, Inc., 159 
pages, 1971, $16.50. 

Bors, Ernest, M.D., F.A.C.S., F.I.C.S. (Hon.), 
D.A.B., Comarr, A. Estin, M.B., M.D., FAGS 
F.LC.S.. D.A.B.: Neurological Urology: Physiol- 
ogy of Micturition, Its Neurological Disorders 
and Sequelae. University Park Press, 454 pages, 
1971, $19.50. 
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Edited by: Bonica, John J., M.D., Regional 
Anesthesia: Recent Analyses and Current Sta- 
tus. F. A. Davis Co., 270 pages, 1971, $8.00. 

Segi, Mitsuo, M.D., Kurihara, Minoru, M.D., 
Matsuyama, Tsuneaki, M.D., Ito Mareko: Mor- 
tality By Causes of Death and Prefectures in 
Japan (1953-1967): Death Rates by Age- 
Groups and Age Adjusted Death Rates, De- 
partment of Public Health. Tohoku University 
School of Medicine, 253 pages, 1970. 

Ferguson, L. Kraeer, M.D., F.A.C.S., Cap- 
lan, Louis, M.D., F.A.C.S.: Surgery of the Am- 
bulatory Patient. J. B. Lippincott Co., 807 
pages, 1966. 

Edited by: Hardy, James D., M.D., F.A.C.S.: 
Human Organ Support and Replacement: Trans- 
plantation and Artificial Prostheses. Charles C 
Thomas, 453 pages, 1971. 

Ackerman, Lauren V., M.D., del Regato, 
Juan A., M.D.: Cancer: Diagnosis, Treatment, 
Me Prognosis. C. V. Mosby Co., 1049 pages, 
1970. 

May, Hans, M.D., F.A.C.S.: Plastic and Re- 
constructive Surgery. F. A. Davis Co., 1254 
pages, 1971. 

Edited by: Conn, Howard F., M.D., Conn, 
Rex B., Jr., M.D.: Current Diagnosis—3. W. 
B. Saunders Co., 1085 pages, 1971, $25.00. 

Saunders, William H., M.D., Paparella, 
Michael M., M.D.: Atlas of Ear Surgery. C. V. 
Mosby Co., 390 pages, 1971, $32.00. 

Samitz, M. H., M.D., M.Sc.(Med.), Dana, 
Alans, Jr., M.D.: Cutaneous Lesions of the 
Lower Extremities. J. B. Lippincott Co., 198 
pages, 1971. $28.00. 

Vidic, Branislav, S.D., O'Rahilly, Ronan, 
M.D.: An Atlas of the Anatomy of the Ear. 
W. B. Saunders Co., 50 slides, 110 pages, 1971, 
$24.00. 

Edited by: Vilain, Raymond: Osteo-Articular 
Injuries of the Hand. Expansion Scientifique 
Francaise, 184 pages, 1971. 

Edited by: Birch, C. Allan, M.D., F.R.C.P.: 
Emergencies in Medical Practice. Churchill 
Livingstone, 782 pages, 1971, $19.75. 

Harper, Harold A., Ph.D.: Review of Physio- 
logical Chemistry. Lange Medical Publications, 
529 pages, 1971, $8.00. 

Mouiel, Jean, Regensberg, Claude: Confér- 
ences de Séméiologie Chirurgicale: Gynécologie 
et Glandes Mammaires. J.-B. Baillière et Fils, 
225 pages, 1971. 

Edited by: Stefanini, Paride: Surgery In 
Italy. “Il Pensiero Scientifico,” 102 pages, 1971. 

Edited by: Goldin. Marshall D., M.D., M.S.: 
Intensive Care of the Surgical Patient. Year 
Book Medical Publishers, Inc., 500 pages, 1971. 

Colock. Bentley P., M.D.: Diverticular Dis- 
ease of the Colon. W. B. Saunders Co., 135 
pages, 1971, $9.00. 
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“Minnie: That young 
doctor feller gave her 
Doxidan to take last night. 
And it worked! 

Danthron made it certain — 
Because it’s an efficient, 
predictable, highly specific 
peristaltic stimulant. 
D.C. S. (dioctyl calcium 
sulfosuccinate) made it easy — 
Decause it softens stools 
naturally, gently. Without 
distention. Without adding 
sodium to the system. 
Minnie figures she’s got the 
smartest doctor in town. 
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PHARMACEUTICALS, INC. 
SOMERVILLE, N.J.08876 
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Free flowing 


SNYDER HEMOVAC. 


(pre-sterilized closed wound-suction system) 


prevents fluid pooling — 
reduces risk of infection 
promotes healing 






Evacuator 


Spring assembly assures 
gentle negative pressure that 
remains constant as exudate 


EE. -- 


properly to maintain closed syste 


volume increases. integrity and offer minimum resist- 
Temperature changes do not affect ance to fluid passage. 

function. Closure allows easy emptying; 
Calibrated transparent wall for suction can be reestablished 

quick determination of exudate quickly without disturbing the 


volume. Tube connections seat wound tubing. 


Universal Connector | 


Transparent to permit viewing. 
Can be disconnected to flush 
if required. 


E. Can accept four tube sizes 
: conveniently. 


















‘nontoxic, nonpyrogenic Needle 
Sharp Cutting edges for 
| are precision perfor- easy penetration. 
in edges reduce fibrin Threaded end secures 


and clotting. needle to tubing. 


Three convenient needle 
Sizes. Snyder Hemovac an 
appropriate conclusion to surgery. 


ZIMMER: USA 


Warsaw, Indiana 46580 
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ATLAS of 
GASTROINTESTINAL 
SURGERY 


KOMEI NAKAYAMA, M.D., Pro- 
fessor of Surgery, and Director 
of Institute of Gastroenterology, 
Tokyo Women's Medical College 












Here is an atlas of exceptional surgical merit 
and surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 
vivid, step-by-step fashion the surgical methods 
that have won him international acclaim. 






The author is a pioneer and a world leader in 
the field of esophageal surgery. One-third of 
his atlas is devoted to surgery of this type. |t 
includes a description, in minute detail, of Dr. 
Nakayama’s reconstruction of the cervical esoph- 
agus using a revascularized segment of the 
bowel. In the remaining two-thirds of the 
atlas you'll find operations on the rest of the 
gastrointestinal tract plus the gall bladder, bile 
duct, liver, pancreas, and spleen. 






Surgical indications, pre- and postoperative care, 
and complications are described along with the 
surgical techniques. A beautiful section of the 
atlas contains large photographs of, and in- 
structions for the use of, Dr. Nakayama's in- 
struments for small vessel anastomosis. 


649 Pages 1500 Illustrations 1969 $42.00 


J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 








Please send me: 
Atlas of Gastrointestinal Surgery... .. 
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Macrodantin 


(nitrofurantoin macrocrystals) 


Capsules 


INDICATIONS: Indicated for the treatment of 
pyelonephritis, pyelitis and cystitis due to E. coli, 
enterococci, Staph. aureus, some strains of Klebsiella- 
Aerobacter and Proteus, or a small percentage of 
strains of Pseudomonas, when demonstrated to be 
susceptible by in vitro susceptibility testing. Not indicated 
for the treatment of renal cortical or perinephric 
abscesses, systemic infections, prostatitis, or in any 
genitourinary tract infections other than pyelonephritis, 
pyelitis or cystitis. 

CONTRAINDICATIONS: Anuria, oliguria, or extensive 
impairment of renal function; infants under one month, 
pregnant patients at term; known hypersensitivity. 
WARNINGS: May cause hemolytic anemia of the 
primaquine sensitivity type, apparently linked to a glucose- 
6-phosphate dehydrogenase deficiency (found in 10% 

of Negroes and ina small percentage of ethnic groups of 
Mediterranean and Near-Eastern origin. Such patients 
should be closely observed while receiving 
nitrofurantoin). Discontinue the drug at any sign of 
hemolysis. Hemolysis ceases on withdrawal. 
Superinfections (limited to the genitourinary tract) may 
occur, most commonly due to Pseudomonas. Safety not 
established during pregnancy and lactation; should not 
be used in women of childbearing potential unless the 
expected benefits outweigh the possible hazards. 
PRECAUTIONS: Peripheral neuropathy may occur. A 
fatality has been reported. Predisposing conditions such 
as renal impairment, anemia, diabetes, electrolyte 
imbalance, vitamin B deficiency and debilitating disease 
may enhance such occurrence. 

ADVERSE REACTIONS: Nausea, emesis and diarrhea 
may occur; reduction in dosage may alleviate these 
symptoms. Sensitization appearing as cutaneous 
eruptions or pruritus has occurred. Hypersensitivity 
recctions resulting in nonfatal anaphylaxis, angioedema, 
pulmonary infiltration with pleural effusion and 
eosinophilia have been reported. Other possible 
recctions are chills, fever, jaundice, asthmatic symptoms 
and hypotension. Occasionally headache, dizziness, 
nystagmus, vertigo, drowsiness, malaise and muscular 
aches have occurred. Transient alopecia has been 
reported. Leukopenia, including granulocytopenia, has 
been reported rarely. The blood picture has returned 

to normal following cessation of therapy. 


Eel 


SUPPLIED: Macrocantin (nitrofurantoin macrocrystals) is 
available in opaque, yellow, imprinted (009) capsules 

of 100 mg and opaque, yellow and white, imprinted (008) 
capsules of 50 mg in bottles of 30, 100, 500 and 1000 
capsules; and opaque, white, imprinted (007) capsules of 
25 mg in bottles of 100 capsules. Macrodantin Capsules, 
50 mg and 100 mg, are also available in hospital unit 
dose packages, strip-packaged in boxes of 100. 


®Originators ond Developers of The Nitrofurans 
EATON LABORATORIES 
Division of The Norwich Pharmacal Company 


NORWICH, NEW YORK 13815 
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Keeps your treatment where the Avoids troubles of overtreatment 
trouble is... 


€ High urinary and presumably renal medul- € Does not suppress normal bacterial flora in 


lary levels the bowel, mouth or vagina! 

€ Consistently active against most bacterial @Does not foster resistant flora in the bowel 
uropathogens which may cycle reinfection’ 

@ After years of wide clinical use, still only lim- @Lets you reserve systemic agents for systemic 
ited resistance development infections 


Basic in cystitis, pyelitis, pyelonephritis 
The one-tract action of 


“Due to susceptible organisms. See prescribing information on facing page. tAs with other antimicrobials, superinfections may 
occur, but with Macrodantin these are limited to the urinary tract. Pseudomonas is the organism most commonly implicated 


|. KUNIN C: Infect Dis 1(5)-10, 1971 
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No other disposable. or muslin drape can 


equal the performance of the new single-use 
BARRIER" % Sheet in extremity draping. 

Fluids won't soak through, even under - 

pressure from a limb. Towel clamps grip 
securely without tearing. And the ab- - 

sorbent surface helps control fluid 

run-off at the operative site. 
/ . . The secret is the extra-large panel 
f, \ of tough DRISITE* Fabric bonded 


| to critical areas of the sheet. Im- 
NG; y pervious to moisture, this unique 
fabric prevents migration of patho- 

gens through the drape. 

Even if you’re still using muslin drapes, — 
you'll want to add an extra measure of safety - 
to your extremity draping procedures—the 
sterile, single-use BARRIER ?4 Sheet. 


The new BARRIER’ 34 Sheet with 
DRISITE Fabric Panel. 


TRADEMARK 


NEW SIZE... NEW PROTECTION 


Innovators in surgical draping 


*TRADEMARK © GohweneGohsen 1972 














The antistaph 
ecialist 
that’s always 
on call. 


One of the most effective antistaph'agents. 
Reconstitutes in less than 60 seconds. 


Remains stable for 24 hours? 


Rapid penetration of target areas 


Following intramuscular administration, Unipen appears rapidly in plasma. 
It penetrates body tissues in high concentration and diffuses well into pleural, 
pericardial and synovial fluids. 








When the infection is penicillin-G resistant 


Unipen (sodium nafcillin) is indicated principally in the treatment of 
infections known to be due to penicillinase-producing staphylococci which 
have been shown sensitive to it. 


When in doubt 


Unipen is particularly suitable for initial therapy in severe or potentially 
severe infections before definitive culture results are known and in which 
penicillinase-producing staphylococci are suspected.* In such cases, take 
appropriate specimens for bacteriologic studies to determine the causative 
organisms and their sensitivity to nafcillin prior to the first dose of antibiotic. 


"Penicillinase-producing staphylococci which have been shown sensitive to nafcillin. 


[See important information under parenteral administration on next page. 
tSee Important Note, on next page 


UNIPEN 


(sodium nafcillin) 
as the monohydrate, buffered 


Ease of reconstitution plus 24-hour stability in 1.V. solu- 
tions put this potent antistaph agent ‘‘on call." 
No precipitation, less than 10% loss in activity in I.V. 
solutions held at room temperature for 24 hours.1 

e 5% dextrose in water 

e 5% dextrose in 0.4% NaCl solution 

e |sotonic NaCl 

e Ringer's solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 


+See “Intravenous Route" section of Brief Summary on this page. 


Indications 

The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 
therapy. 

Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteri- 
ology report later indicates the infection is due to an organism other 
than a penicillin G-resistant staphylococcus sensitive to sodium naf- 
cillin, the physician is advised to continue therapy with a drug other 
than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methicillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicil- 
lins. For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 
these antibiotics. 

Contraindications 

A history of allergic reaction to any of the penicillins is a contra- 

indication. 


Warnings 

Serious and occasionally fatal hypersensitivity (anaphylactoid) re- 
actions have been reported in patients on penicillin therapy. Although 
anaphylaxis is more frequent following parenteral therapy is has 
occurred in patients on oral penicillins. These reactions are more 
apt to oecur in individuals with a history of sensitivity to multiple 
allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hyper- 
sensitivity reactions when treated with a cephalosporin. Before ther- 
apy with a penicillin, careful inquiry should be made concerning 
previous hypersensitivity reactions to penicillins, cephalosporins, 
and other allergens. If an allergic reaction occurs, appropriate ther- 
apy should be instituted, and discontinuation of nafcillin therapy 
considered. The usual agents (antihistamines, pressor amines, 
corticosteroids) should be readily available. 


Precautions 

As with any potent drug, periodic assessment of organ system 
functicn, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility of bacterial and fungal overgrowth should be kept 
in mind during long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possiblity of thrombophlebitis. 


Adverse Reactions 

Reactions to sodium nafcillin have been infrequent and mild in 
nature. As with other penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in 
severe infections. The patient should be placed on oral therapy with 
this product as soon as the clinical condition warrants. TIntravenous 
Route: If given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 5% dextrose in 0.4% NaCl 
solution, Ringer's solution or M/6 sodium lactate solution (conc. of 
30 mg./ml.). Discard any unused portions of I.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 to 30 mg./ml. The drug concentrate and the rate and 
volume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular route: After reconstitution, keep under refrigera- 
tion and use within 48 hours. The clear solution should be adminis- 
tered by deep intragluteal injection immediately after reconstitution. 


Oral Administration 
Beta-hemolytic streptococcal infections should be treated for at 
least 10 days to prevent development of acute rheumatic fever or 
glomerulonephritis. 
If oral therapy is inadequate, resort to parenteral sodium nafcillin. 
After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied 

INJECTION—Vials of 500 mg., 1 and 2 Gm. Each cc. after recon- 
stitution contains 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Also available—CAPSULES—containing sodium nafcillin, 
as the monohydrate, equivalent to 250 mg. nafcillin buffered with 
calcium carbonate in bottles of 24 and REDIPAK® (strip pack) 
Wyeth, boxes of 25. FOR ORAL SOLUTION— Combination pkg. of 
vial of dry sodium nafcillin as monohydrate and bottle of diluent— 
provides 80 cc. of solution containing equivalent of 250 mg. nafcillin 
per 5 cc. Alcohol 2%. 


Wyeth Laboratories ^ Philadelphia, Pa. 





Very little is the correct answer...even though 

the number of tablets is 4,380. That's because these 

tablets are Ascriptin—the Maalox?protected aspirin. 
Ascriptin provides 5 grains of aspirin. Yet...thanks to 

Maalox (magnesium-aluminum hydroxide), the most 

widely preferred of all antacids—it guards 

against aspirin-induced gastric distress Im 


= 


as well. No wonder more and more 
physicians today rely on Ascriptin for 
long-term salicylate therapy. 
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The American Academy of 

- Pediatrics Committee on 
Nutrition prefers Vitamin K, 
_ to the analogues 


“Vitamin K and commonlyemployed synthetic 
vitamin K analogues . . . are all probably safe 
and effective when administered to the infant 
in proper dosage for the prophylaxis and treat- 
ment of hypoprothrombinemia and spontane- 
ous hemorrhage of premature and full-term 
infants. However, the margin of safety is al- 
most certainly greatest with vitamin K, (phy- 
tonadione) and vitamin K, is therefore con- 
sidered the drug of choice. . . ." 
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in hemorrhagic disease of the newborn 


AquaMEPHYTON 


(PHYTONADIONE | MSD) 


Aqueous Colloidal Solution of Vitamin Ki 
INJECTION, 2 mg or 10 mg per cc 


VITAMIN K,—IDENTICAL WITH THE VITAMIN OCCURRING 
IN FOOD 


In the prevention and treatment of hemorrhagic - 
disease of the newborn, AquaMEPHYTON offers - 
e specificity —AquaMEPHYTON is a specific correc- | 
tive of the most common cause of hemorrhage in — 
the newborn— prothrombin deficiency? | 


e greater margin of safety—kernicterus has not bee! 
observed after prophylactic or therapeutic doses of 
AquaMEPHYTON, although it has occurred, under . 


certain conditions, with the analogues 


For additional prescribing information, please see facing page. 





1. Pediatrics 28:501-507, Sept. 1961. 
2. Quick, A. J.: Hemorrhagic Diseases 
and Thrombosis, 2nd ed., Philadelphia, 
Lea & Febiger, 1966, p. 110. 


Warnings: In anticoagulant-induced 
hypoprothrombinemia, overzealous 
therapy may restore conditions which 
Originally permitted thromboembolic 
phenomena; keep dosage as low as pos- 
sible and check prothrombin time reg- 
ularly. Phytonadione will not counteract 
the anticoagulant action of heparin. 
Precautions: Avoid rapid intravenous 
injection; intravenous administration, 
when warranted, must not exceed a 
rate of 5 mg per minute. 
Temporary resistance to prothrombin- 
depressing anticoagulants may result, 
especially when larger doses of phyto- 
nadione are used; when reinstituting 
anticoagulant therapy after relatively 
large doses of phytonadione, it may be 
necessary to use somewhat larger 
doses of the prothrombin-depressing 
anticoagulant, or to use one which 
acts on a different principle, such as 
heparin sodium. 
The aqueous colloidal solution for injec- 
tion should not be diluted with other 
than the recommended diluents. When 
dilutions are indicated, administer im- 
mediately after mixture with diluent, 
and discard unused portions of the dilu- 
tion as well as unused contents of the 
ampul. Store in a dark place and pro- 
tect from light at all times, even after 
dilution. 

Adverse Reactions: Rarely, severe re- 
actions, including shock, have occurred 
with rapid intravenous administration. 
Transient "flushing sensations" and 
"peculiar" sensations of taste have 
been observed, as well as rare instances 
of dizziness, rapid and weak pulse, pro- 
fuse sweating, brief hypotension, dysp- 
nea, and cyanosis. Occasionally, pain, 
swelling, and tenderness at the injec- 
tion site may occur. The possibility of 
allergic sensitivity, including an ana- 
Recon reaction, should be kept in 
mind. 

Hyperbilirubinemia has been observed 
rarely in the newborn following admin- 
istration of phytonadione in a dose of 
25 mg. However, at the usual prophy- 
lactic dose of 1 mg, this has not oc- 
curred. Kernicterus has not been re- 
ported following administration of the 
aqueous colloidal solution at any thera- 
peutic dose level. 

How Supplied: Injection AquaMEPHY- 
TON (Phytonadione, MSD)—yellow, 
sterile, aqueous, colloidal solution 
EE in each cc: phytonadione 
(vitamin K,), 2 mg or 10 mg; 70 mg 
polyoxyethylated fatty acid derivative, 
37.5 mg dextrose, and 0.996 benzyl 
alcohol. In 0.5-cc ampuls containing 
1 mg of vitamin K,, and in 1.0-cc am- 
puls, 2.5- and 5.0-cc multiple-dose vials, 
containing 10 mg of vitamin K; per cc. 


For more detailed information, consult your MSD 
representative or see the Direction Circular. Merck 
Sharp & Dohme, Division of Merck & Co., Inc., 
West Point, Pa. 19486 : 


MS D merck SHARP & DOHME 





ARTERIAL 
SURGERY 


By H. H. G. Eastcott, M.D., F.R.C.S. 










This handsomely-illustrated work offers an ex- 
ceptionally complete clinical, pathological and 






therapeutic presentation of the entire range 






of arterial disorders. The causes of arterial 






diseases and injuries are fully described, to- 






gether with precise surgical procedures. The 






entire clinical picture for each disorder is dis- 






cussed, and an abundance of case reports is 






included. 







"Only a surgeon with a breadth and depth of 






experience could present the subject so 






thoroughly and authoritatively. . . . This is 






an outstanding volume which can be highly 






recommended and without reservation to medi- 






cal students, residents, general surgeons, and, 






in this reviewer's opinion, to experienced vas- 






cular surgeons."—Surgery, Gynecology and 
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trade names of drugs should be capitalized. 
Units of measurement, e.g., dosage, should be 
expressed in the metric system. Temperature 
should be expressed in degrees centigrade. 
Contributions in a foreign language, when ac- 
cepted, will be translated and published in 
English. 


Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 
the number supplied. Colored illustrations will 
be published at the author’s expense. Black and 
white photographs should be in the form of 
glossy prints. Line and wash drawings should 
be black on white paper, with lettering in 
black india ink, large enough to be readable 


after necessary reduction. Large or bulky illus- 
trations should be accompanied by smaller 
glossy reproductions of the same, to facilitate 
their circulation among the reviewing members 
of the editorial board. Illustrations should be 
numbered, the tops indicated, and the author's 
name and the title of the article in brief appear 
on the back. A separate typewritten sheet of 
legends for the illustrations should be supplied. 


A bibliography of numbered references in 
alphabetical order should appear at the end of 
the manuscript with corresponding numbering 
in the text. Bibliographies should conform to 
the style of the Index Medicus with the excep- 
tion that the last page number should be 
omitted, viz: authors name, title of article, 
name of journal, volume number, first page 
number, and year of publication in the order 
named. 

PUBLISHER'S NOTICES 

CHANGE or AppmESs: Please allow 60 days 
before date of issue for change of address. 
Notification should include the old as well as 
the new address, with indication of whether 
the change is temporary or permanent. Please 
give the name of the journal. 


Copies will not be replaced without charge 
unless we receive a request within 60 days 
of the mailing in the U. S. or within 90 days 
in all other countries. 


Business AppreEss: Subscriptions, reprints, 
advertising, and all business communications 
should be addressed to: 

ANNALS OF SURGERY 
J. B. Lippincott Co. 


East Washington Square 
Philadelphia, Pa. 19105 


Published Monthly. Subscription Rates 
$20.00 per year in the U. S., its possessions 
and Canada. All other countries $23.00. All 
prices include postage. Single issues $3.00. 
Rate for Residents, U. S. only, $14.00. 

The publishers accept no responsibility for 
opinions expressed by contributors. 
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A Dulcolax suppository 
can do anything an enema can — 


except scare people. 


Just one suppository usually assures a predictable 
bowel movement in 15 minutes to an hour. Gone are the tubing, the 

accidents," and the bruised egos associated with enemas. 

For preoperative preparation, the combination of 
tablets at night and a suppository the next morning usually cleans the 
bowel thoroughly. Suppositories may also be particularly helpful when 
straining should be avoided,as in postoperative care. 

As with any laxative, abdominal cramps are occasion- 
ally noted. Dulcolax is contraindicated inthe acute surgical abdomen. 


Dulcolax...the cure for enemaphobia 


bisacodyl NF 


Under license from Boehringer Ingelheim G.m.b.H. GEIGY Pharmaceuticals, Division of CIBA-GEIGY Corporation, Ardsley, New York 10502 


lixonevialofELASE _ 
)owder with 50 to — 
00 ml. of sodium chlo- 


ide solution and satu- - 
ate strips of fine-mesh gauze | a 
vith the ELASE/saline solution. oe 













4 
d 
e 
<a 
i 
x 
d 
1 
a 



























Pack the ulcerated area with 
the ELASE-saturated gauze 

strips...making sure the satu- 

rated gauze remains in contact 
with the necrotic substrate. (If the 
lesion is covered withaheavyeschar, 3 
it must be removed surgically before 
- wet-to-dry debridement is begun.) 


. Remove dried gauze. This 
~ mechanically debrides the 
| area. Repeat wet-to-dry - 
| . procedure three to four 
| . times daily since frequent _ 
f dressing changes greatly 
| enhance results. e 
Note: After two, three, or four | 
days of ELASE wet-to- Ay 
: dressings (dependingonseverity 
of lesion), the area becomes free 
of necrotic material and starts to 
: fill in with granulation tissue. 


PROT ec oT WA RC Cnm 


the new way is 
wet-to-dry 
„debridement with 


Flas solution 


(fibrinolysin and desoxyribonuclease, 
combined | bovine] ) 








INDICATIONS: Elase is indicated 
for topical debridement in general 
surgical wounds, ulcerative 
lesions, burns, circumcision and 
episiotomy, and in cervicitis and 
vaginitis. Elase is used as an irri- 
gating agent in infected wounds, 
otorhinolaryngologic wounds, and 
superficial hematomas (except 
when the hematoma is adjacent to 
or within adipose tissue). 


CONTRAINDICATIONS: Elase is 
contraindicated in individuals 
with a history of hypersensitivity 
reactions to any of the compo- 
nents. Elase is not recommended 
for parenteral use since the bovine 
fibrinolysin may be antigenic. 


PRECAUTIONS: The usual precau- 
tions against allergic reactions 
should be observed, particularly 
in persons with a history of sensi- 
tivity to materials of bovine origin 
or to mercury compounds. 

To be maximally effective, Elase 
solutions must be freshly pre- 
pared before use. The loss in 
activity is reduced by refrigera- 


PARKE-DAVIS 


tion; however, even when stored 
in a refrigerator, the solution 
should not be used 24 hours or 
more after reconstitution. 


ADVERSE REACTIONS: Side 
effects attributable to the enzymes 
have not been a problem at the 
dose and for the indications 
recommended. With higher con- 
centrations, local hyperemia may 
be a side effect. 


HOW SUPPLIED: Elase (powder) 
is supplied dried in 30-cc. rubber- 
diaphragm-capped vials contain- 
ing 25 units (Loomis) of fibrinolysin 
and 15,000 units (modified 
Christensen method) of desoxyri- 
bonuclease with 0.1 mg. thimerosal 
(mercury derivative). 

Elase Ointment is supplied in 
30-Gm. tubes containing 30 units 
(Loomis) of fibrinolysin and 
20,000 units of desoxyribonu- 
clease with 0.12 mg. thimerosal 
and in 10-Gm. tubes containing 
10 units of fibrinolysin and 6,666 
units of desoxyribonuclease with 
0.04 mg. thimerosal. 


Parke, Davis & Company, Detroit, Michigan 48232 


RIBONUCLEASE, COMBI), 
(BOVINE) 4. 


E CAUTION—Federal law yes 
dispensing without 


PARKE-DaviS E 
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The antistaph 
ecialist 


that’s always 
on call. 


One of the most effective antistaph agents. 
Reconstitutes in less than 60 seconds. 


Remains stable for 24. hours: 


Rapid penetration of target areas 


Following intramuscular administration, Unipen appears rapidly in plasma. 
It penetrates body tissues in high concentration and diffuses well into pleural, 
pericardial and synovial fluids. 












When the infection is penicillin-G resistant 


Unipen (sodium nafcillin) is indicated principally in the treatment of 
infections known to be due to penicillinase-producing staphylococci which 
have been shown sensitive to it. 


When in doubt 


Unipen is particularly suitable for initial therapy in severe or potentially 
severe infections before definitive culture results are known and in which 
penicillinase-producing staphylococci are suspected. In such cases, take 
appropriate specimens for bacteriologic studies to determine the causative 
organisms and their sensitivity to nafcillin prior to the first dose of antibiotic. 


*Penicillinase-producing staphylococci which have been shown sensitive to nafcillin. 


tSee important information under parenteral administration on next page. 
tSee Important Note, on next page. 


UNIPEN 


(sodium nafcillin) 
as the monohydrate, buffered 


Ease of reconstitution plus 24-hour stability in I.V. solu- 
tions put this potent antistaph agent ''on call." 
No precipitation, less than 10% loss in activity in I.V. 
solutions held at room temperature for 24 hours.1 

e 595 dextrose in water 

e 5% dextrose in 0.4% NaCl solution 

e Isotonic NaCl 

e Ringer's solution 

e M/6 sodium lactate solution (conc. of 30 mg/ml) 


TSee “Intravenous Route" section of Brief Summary on this page. 


Indications 

The principal indication for sodium nafcillin is in the treatment of 
infections known to be due to penicillinase-producing staphylococci 
which have been shown to be sensitive to it. 

Bacteriologic studies to determine the causative organisms and 
their sensitivity to sodium nafcillin should be performed. 

If antibiotic therapy is considered necessary in potentially serious 
infections while awaiting reports of cultures and sensitivity studies, 
sodium nafcillin may be used to initiate therapy in such patients in 
whom a penicillinase-producing staphylococcus is suspected (see 
Important Note below). 

In serious, life-threatening infections, oral preparations of the 
penicillinase-resistant penicillins should not be relied on for initial 
therapy. 

Important Note 

When it is judged necessary that treatment be initiated before 
definitive culture and sensitivity results are known, the choice of 
sodium nafcillin should take into consideration the fact that it has 
been shown to be effective only in the treatment of infections caused 
by pneumococci, Group A beta-hemolytic streptococci and penicillin 
G-resistant and penicillin G-sensitive staphylococci. If the bacteri- 
ology report later indicates the infection is due to an organism other 
than a penicillin G-resistant staphylococcus sensitive to sodium naf- 
cillin, the physician is advised to continue therapy with a drug other 
than sodium nafcillin or any other penicillinase-resistant semi- 
synthetic penicillin. 

Methicillin is a compound that acts through a mechanism similar 
to that of sodium nafcillin against penicillin G-resistant staphylo- 
cocci. Strains of staphylococci resistant to methicillin have existed 
in nature and it is known that the number of these strains reported 
has been increasing. Such strains of staphylococci have been 
capable of producing serious disease, in some instances resulting 
in fatality. Because of this there is concern that widespread use of 
the penicillinase-resistant penicillins may result in the appearance 
of an increasing number of staphylococcal strains which are re- 
sistant to these penicillins. 

Methicillin-resistant strains are almost always resistant to all 
other penicillinase-resistant penicillins (cross resistance with ceph- 
alosporin derivatives also occurs frequently). Resistance to any 
penicillinase-resistant penicillin should be interpreted as evidence 
of clinical resistance to all, in spite of the fact that minor variations 
in in vitro sensitivity may be encountered when more than one 
penicillinase-resistant penicillin is tested against the same strain 
of staphylococcus. 

Routine methods of antibiotic sensitivity testing may fail to detect 
strains of organisms resistant to the penicillinase-resistant penicil- 
lins. For this reason, the use of large inocula and 48-hour incubation 
periods may be needed to obtain accurate sensitivity studies with 
these antibiotics. 


Contraindications 
A history of allergic reaction to any of the penicillins is a contra- 
indication. 


Warnings 

Serious and occasionally fatal hypersensitivity (anaphylactoid) re- 
actions have been reported in patients on penicillin therapy. Although 
anaphylaxis is more frequent following parenteral therapy is has 
occurred in patients on oral penicillins. These reactions are more 
apt to occur in individuals with a history of sensitivity to multiple 
allergens. 

There have been reports of individuals with a history of penicillin 
hypersensitivity reactions who have experienced severe hyper- 
sensitivity reactions when treated with a cephalosporin. Before ther- 
apy with a penicillin, careful inquiry should be made concerning 
previous hypersensitivity reactions to penicillins, cephalosporins, 
and other allergens. If an allergic reaction occurs, appropriate ther- 
apy should be instituted, and discontinuation of nafcillin therapy 
considered. The usual agents (antihistamines, pressor amines, 
corticostero:ds) should be readily available. 


Precautions 

As with any potent drug, periodic assessment of organ system 
function, including renal, hepatic and hematopoietic, should be 
made during prolonged therapy. 

The possibility cf bacterial and fungal overgrowth should be kept 
in mind dur ng long-term therapy. If overgrowth of resistant organ- 
isms occurs, appropriate measures should be taken. 

The oral route of administration should not be relied upon in 
patients with severe illness, or with nausea, vomiting, gastric dilata- 
tion, cardiospasm or intestinal hypermotility. 

Safety for use in pregnancy has not been established. 

Particular care should be taken with intravenous administration 
because of the possiblity of thrombophlebitis. 


Adverse Reactions 

Reactions to sodium nafcillin have been infrequent and mild in 
nature. As with other penicillins, the possibility of an anaphylactic 
reaction or serum sickness-like reactions should be considered. A 
careful history should be taken. Patients with histories of hay fever, 
asthma, urticaria, or previous sensitivity to penicillin are more likely 
to react adversely. 

The few reactions associated with the intramuscular use of sodium 
nafcillin have been skin rash, pruritus, and possible drug fever. As 
with other penicillins, reactions from oral use of the drug have in- 
cluded nausea, vomiting, diarrhea, urticaria, and pruritus. 


Parenteral Administration 

It is recommended that parenteral therapy be used initially in 
severe infections. The patient should be placed on oral therapy with 
this product as soon as the clinical condition warrants. TIntravenous 
Route: |f given by intravenous infusion, use only these solutions— 
isotonic NaCl, 5% dextrose in water, 595 dextrose in 0.4% NaCl 
solution, Rirger's solution or M/6 sodium lactate solution (conc. of 
30 mg./ml.). Discard any unused portions of I.V. solutions after 24 
hours. The concentration of the antibiotic should fall within the 
range of 2 to 30 mg./ml. The drug concentrate and the rate and 
volume of the infusion should be adjusted so that the total dose of 
nafcillin is administered before the drug loses its stability in the 
solution in use. 

There is no clinical experience available on the use of this agent in 
neonates or infants for this route of administration. 

This route of administration should be used for relatively short- 
term therapy (24-48 hours) because of the occasional occurrence of 
thrombophlebitis, particularly in elderly patients. 


Intramuscular route: After reconstitution, keep under refrigera- 
tion and use within 48 hours. The clear solution should be adminis- 
tered by deep intragluteal injection immediately after reconstitution. 


Oral Administration 
Beta-hemolytic streptococcal infections should be treated for at 
least 10 days to prevent development of acute rheumatic fever or 
glomerulonephritis. 
If oral therapy is inadequate, resort to parenteral sodium nafcillin. 
After mixing, the oral solution must be stored in a refrigerator. 
Discard any unused portion after one week. 


Supplied 

INJECTION— Vials of 500 mg., 1 and 2 Gm. Each cc. after recon- 
stitution contains 250 mg. nafcillin buffered with 10 mg. sodium 
citrate. Also available— CAPSULES—containing sodium nafcillin, 
as the monohydrate, equivalent to 250 mg. nafcillin buffered with 
calcium carbonate in bottles of 24 and REDIPAK® (strip pack) 
Wyeth, boxes of 25. FOR ORAL SOLUTION— Combination pkg. of 
vial of dry sodium nafcillin as monohydrate and bottle of diluent— 
provides 80 cc. of solution containing equivalent of 250 mg. nafcillin 
per 5 cc. Alcohol 275. 


Wyeth Laboratories Philadelphia, Pa. 
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SHARP! 


THE ALL-PURPOSE 


DEKNATEL 
& 9 


NEEDLE 


U.S. Patents 2,869,550 & 3,094,123 


Scalpel-sharp edge and jewel-like finish provide un- 
paralleled penetrating power ... superior control and 
stability for your every suturing need. 

e Leaves a taper point hole. 

e No cutting sides—won't cut in, cut out or 


cut laterally. 
e Faster, smoother closure with superior 


cosmetic results. 


For complete data and suture listings, please write: 


DEKNATEL, INC. * Queens Village, New York 11429 





SIMPLICITY, EFFICACY, VERSATILITY ON THE SURGICAL SERVICE... 


take advantage of t 


Experience on the surgical 
servicein postoperative sepsis and 
Gram-negative pneumonias has led 
many clinicians to consider Kantrex 
(kanamycin sulfate) a drug of 
choice in susceptible Gram-nega- 
tive infections with or without 
shock or septicemia ! 3(Pseudo- 
monas are resistant). In the pres- 
ence of endotoxic shock?? and to 
prevent progression of sepsis to 
shock, prompt use of Kantrex is 
recommended —often before ob- 
taining susceptibility test results. 


helKKantrex cxoerien 


KANAMYCIN SULFATE, 


INJECTION | Y 
EQUIVALENT. TO ` Z b. 


Eleven years of efficacy in 
susceptible infections at many 
sites, in almost any type of patient, 
comprise the Kantrex experience. 
Kantrex coverage includes most 
Gram-negative bacilli and most 
staphylococci (Pseudomonas are 
resistant). Rapid absorption and dif- 
fusion of Kantrex to sites through- 
out the body should provide prompt 
therapeutic response n 24-48 
hours. If no response occurs within 
3-5 days, stop therapy and recheck 
bacterial susceptibilities. 





One simple standardized 
dose forany patient is another facet 
of the Kantrex experience. It means 
you can prescribe Kantrex at 7.5 
mg./Kg., 1.M., q. 12 h., in patients 
with normal renal function. And tc 
reduce the risk of oto- and nephro 
toxicity in patients with impairec 
renal function, the same dose ap 
plies while the time interval be 
tween doses increases. Simply fol 
low the “creatinine x 9” formula.’ 


*For example: If routine serum creatinine measure 


ment is 6 mg./100 ml., multiply by 9; the interva 
between Kantrex doses is 54 hours. 


Low toxic potentie 

this simple regimen reflects te= 
<antrex experience in postsurgical 
nfections. However, because the 
"isk of ototoxicity does exist, daily 
Kantrex dose should not exceed 
1.5 Gm., and total therapy should 
not surpass 15 Gm. or 15 days. 





BRIEF SUMMARY OF PRESCRIBING INFORMATION 
(9) 7/27/71 

For complete information, consult Official Package 
Circular. 





Warning. The major toxic effect of parenterally 
administered kanamycin sulfate is its action on 
the auditory portion of the eighth nerve. High 
frequency deafness usually occurs first and can 
be detected by audiometric testing. Tinnitus or 
vertigo may occur and are evidence of vestibular 
injury and impending bilateral, irreversible deaf- 
ness. In such cases, decrease size and frequency 
of doses. Discontinue kanamycin and check hear- 
ing if azotemia increases. Watch carefully for oto- 
toxicity in older patients and patients receiving 
more than 15 Gm. of kanamycin. To avoid neuro- 
muscular paralysis with respiratory depression, 
postpone intraperitoneal instillation in postoper- 
ative patients until recovery from anesthesia and 
muscle relaxants is complete. Avoid concurrent 
use of other ototoxic drugs including ethacrynic 
acid and furosemide. Safety in pregnancy is not 


established. | 


Indications: Serious infections due to susceptible strains 
of E. col, Proteussp., Enterobacter aerogenes, K. pneu- 
moniae, Serratia marcescens and Mima-Herellea. Cul- 
ture and sensitivity studies should be performed. 
Contraindications: A history of hypersensitivity to the 
drug. Prior auditory damage by kanamycin or other 
agents may be a contraindication if effective, alterna- 
tive therapy is available. 

Precautions: Obtain audiograms before and during 
therapy in patients with renal dysfunction when treat- 
ment lasts more than 5 days. Stop Kantrex if tinnitus 
or hearing loss occurs. Hydrate patients to prevent 
chemical irritation of the renal tubules. Assess renal 
function periodically, both before and during therapy. 
If signs of renal irritation occur (casts, cells, protein- 
uria) increase hydration and reduce the dosage or the 
frequency of dosage if necessary. In azotemic patients, 
the frequency (in hours) of doses may be obtained by 
multiplying the serum creatinine by 9. If azotemia or 
oliguria occur, discontinue therapy. Mycotic or bacte- 
rial superinfection may occur. 

Adverse Reactions: Irritation or pain at the injection 
site, skin rash, drug fever, headache and paresthesias. 
Dosage and Administration: The usual dose is 7.5 mg. / 
Kg./12 hours I.M. The average dose is 1 Gm. daily for 
adults and children. The maximum total daily adult dose 
should not exceed 1.5 Gm. by all routes of administra- 
tion. Uncomplicated infections due to sensitive orga- 
nisms should respond in 24 to 48 hours. If no response 
OCCUrS in 3 to 5 days, stop therapy and recheck the 
bacterial sensitivities. Hydrate patients well to mini- 
mize renal irritation. Inject deeply into the upper outer 
quadrant of the gluteal muscle. Discard partially used 
vials after 48 hours. The drug should not be physically 
mixed with other antimicrobials. 

Supplied: Rubber capped vials as a ready-to-use sterile 
aqueous solution in two concentrations; O.5 Gm. in 
2 ml., 1.0 Gm. in 3 ml. Also available— Pediatric In- 
jection 75 mg. in 2 ml. A H.F.S. Category 8:12.28 

















References 1.Murdoch, J. McC., et al.: Ann. New York 
Acad. Sc. 732:842 (June 14) 1966. 2. Rutenburg, 
A. M.: /bid., p. 824. 3. Foster, F. P.: M. Clin. North 
America 53:437 (March) 1969. 


Kantrex 
KANAMYCIN SULFATE 


Injection 






BRISTOL LABORATORIES 
BRISTOL Division of Bristol-Myers Company 
Syracuse, New York 13201 


when viscid mucus threatens your pre- or postoperative patient... 


he deserves more than saline... 





MUCOMYST 


ACETYLCYSTEINE 


ecisively surpasses saline 
in liquefying thickened mucus’: 


@ Mucomyst has sharply reduced the incidence of postoperative 
atelectasis* and other pulmonary complications including pneumonia.*° 





e Helps maintain open airways dur- 
ing anesthesia...helps overcome 
difficulties in tracheostomy care... 
facilitates aspiration of the tracheo- 
bronchial tree.?* 


e Collapses ropy mucoprotein by 
chemically breaking the disulfide 
linkages without formation of poten- 
tially sensitizing polypeptides. 


e Acts without irritating mucous 
membranes. ..mucolytic action is safe, 
rapid and persisting. 


e Mucomyst liquefies and loosens 
both purulent and nonpurulent secre- 
tions effectively. 





Indications: Mucomyst has been demonstrated to be clinically effective as adjuvant therapy in a wide range of conditions in which 
thick, viscous mucus is a problem, including: postoperative atelectasis and pneumonia; chronic bronchopulmonary disease (emphy- 
sema, chronic bronchitis, asthma, and bronchiectasis); acute bronchopulmonary disease (pneumonia, bronchitis, and tracheobron- 
chitis); tracheostomy care; facilitation of bronchial studies; maintenance of an open airway during anesthesia; and to help control 
pulmonary complications of cystic fibrosis. Contraindications: Mucomyst is contraindicated in those patients who are sensitive 
to it. Warnings: After proper administration of acetylcysteine, an increased volume of liquefied bronchial secretions may occur. 
When cough is inadequate, the open airway must be maintained by mechanical suction if necessary. When there is a large mechan- 
ical block due to foreign body or local accumulation, the airway should be cleared by endotracheal aspiration, with or without 
bronchoscopy. Asthmatics under treatment with Mucomyst should be watched carefully. If bronchospasm progresses, this medica- 
tion should be immediately discontinued. Adverse Effects: Adverse effects have included stomatitis, nausea and rhinorrhea. Sensi- 
tivity and sensitization to Mucomyst have been reported very rarely. A few susceptible patients, particularly asthmatics (see 
Warnings), may experience varying Mts dim of bronchospasm associated with the administration of nebulized acetylcysteine. Most 
patients with bronchospasm are quickly relieved by the use of a bronchodilator given by nebulization. Administration & Dosage: 
Mucomyst may be administered by nebulization into a tent, Croupette, face mask, or mouthpiece, or by direct instillation. Mucomyst 
should not be placed directly into the chamber of a heated (hot pot) nebulizer. Complete details on dosage, administration, and 
compatibility are included in the package insert. Additional information may be obtained from Mead 

Johnson Laboratories. Supplied: Mucomyst&-10 (acetylcysteine) a sterile 1095 solution in vials of 10 ml. 

and 30 ml.; Mucomyst® (acetylcysteine) a sterile 20% solution in vials of 10 ml. and 30 ml. References: 

1. Hurst, G. A., et al.: Amer. Rev. Resp. Dis. 96:962, 1967. 2. Hirsch, S. R., et al.: Amer. Rev. Resp. Dis. Ill 

94:784, 1966. 3. Hirsch, S. R., and Kory, R. C.: J. Allerg. 39:265, 1967. 4. Thomas, P. A., et al.: Amer. Surg. 

rra mee 5. Webb, W. R., and Degerli, I. U.: Clin. Med. 71:1531, 1964. 6. Webb, W. R.: Postgrad. Med. LABORATORIES 

:449, ‘ 
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Free flowing 
SNYDER HEMOVAC. 


(pre-sterilized closed wound-suction system) 


prevents fluid pooli 
reduces ris 














promotes healing 







Evacuator 


Spring assembly assures 
gentle negative pressure that 






remains constant as exudate properly to maintain close m 
volume increases. integrity and offer minimum resist- 
Temperature changes do not affect ance to fluid passage. 

function. Closure allows easy emptying; 
Calibrated transparent wall for suction can be reestablished 

quick determination of exudate quickly without disturbing the 


volume. Tube connections seat wound tubing. 


Universal Connector 
Transparent to permit viewing. 
Can be disconnected to flush 
if required. 
= e Can accept four tube sizes 
S PEEL. oe. Conveniently. 












f . Needle 
Sharp cutting edges for 

easy penetration. 

Threaded end secures 

needle to tubing. 

Three convenient needle 

sizes. Snyder Hemovac an 

appropriate conclusion to surgery. 


ZIMMER : USA 


Warsaw, Indiana 46580 





The people who really care 
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flew from Reliance: 
fi major-universal 
electrosurgery-unit 








Many unique and advanced features include — all four electro- 
surgery currents provided through one output cable and three 
electrode handpieces .. . instantly changeable within the sterile field. 


One powerful, yet compact unit supplies 
the surgeon all currents for major or minor 
surgery. The RELIANCE ELECTROSUR- 
GERY-UNIT provides improved surgical cur- 
rents for highly effective cutting (pure or 
blended), coagulation, desiccation and ful- 
guration. Changes are accomplished with 
three instantly changeable electrode hand- 
pieces which alter the type of surgical cur- 
rent, all within the sterile field. 

Only the /eve/ of power is controlled 
from the face of the unit. Two output ranges 
permit fine control at low power levels for 
minor surgery and high output levels for 
the most demanding procedures including 
TOUR S. 

The RELIANCE UNIT’s output cable is 
shielded and grounded, removing any ra- 
dio frequency power leakage problem and 
at the same time minimizing electronic in- 
terference. Also, the primary return route 
for radio frequency energy is back through 
the electrode handpiece to ground. An 
ancillary stray field electrode acts as a 
secondary return circuit only, virtually elim- 
inating the risk of patient burn when used 
according to manufacturer's instructions. 


The RELIANCE UNIT features an ad- 
vanced ceramic power amplifier, coupled 
with solid-state circuitry for “instant on" 
Capability, long life, and, if ever needed, 
easy servicing, utilizing "plug-in" printed 
circuit boards. An automatic voltage stabi- 
lizer instantly corrects for changes in power 
line input, which may fluctuate between 90 
and 135 volts, and assures dependable, 
constant, repeatable surgical power out- 
put. 

The unit is yoke mounted on a spring 
compensated stand. Raises and lowers with 
fingertip pressure. The generator may be 
easily tilted to any desired angle. Stainless 
steel instrument tray provided. Foot switch 
and cables store on back of stand. THE 
RELIANCE ELECTROSURGERY-UNIT IS A 
HIGHLY RELIABLE, POWERFUL, COM- 
PACT, VERSATILE UNIT FOR USE BY THE 
MANY SURGICAL DISCIPLINES. 

For more information and/or a demon- 
stration, write: F. & F. Koenigkramer, 96 
Caldwell Drive, Cincinnati, Ohio 45216. 


n REl ANCE 


THIS DRUG SHOULD BE USED ONLY BY 
INDIVIDUALS FAMILIAR WITH ITS 


ACTIONS, CHARACTERISTICS AND 
HAZARDS. 





DESCRIPTION: Anectine brand Succinylcholine 
Chloride is an ultra short-acting depolarizing 
type muscle relaxant. Chemically it is a di- 
quaternary base consisting of the di-chloride 
salt of the di-choline ester of succinic acid. 

It is a white, odorless, slightly bitter powder and 
very soluble in water. The drug is unstable 

with alkaline solutions, but relatively stable in 
acid solutions depending upon the 
concentration of the Solution and the storage 
temperature. While solutions of succinylcholine 
chloride are sterilized by autoclaving, they 
should, nevertheless, be stored under 
refrigeration to preserve thelr potency. 


INDICATIONS: Succinylcholine chloride Is 
indicated as an adjunct to anesthesia to 
induce skeletal muscle relaxation. It may be 
employed to reduce the Trad of muscle 
contractions of pharmacologically or 
electrically induced convulsions. 


CONTRAINDICATIONS: Succinylcholine is 
contraindicated for persons with a known 
hypersensitivity to the drug. 


WARNINGS: 


WARNING: SUCCINYLCHOLINE SHOULD 
BE USED ONLY BY THOSE SKILLED IN 
THE MANAGEMENT OF ARTIFICIAL 
RESPIRATION AND ONLY WHEN FACILI- 
TIES ARE INSTANTLY AVAILABLE FOR 
ENDOTRACHEAL INTUBATION AND FOR 
PROVIDING ADEQUATE VENTILATION 


OF THE PATIENT, INCLUDING THE AD- 

MINISTRATION OF OXYGEN UNDER INJECTION 
POSITIVE PRESSURE AND THE ELIMI- 

NATION OF CARBON DIOXIDE. THE 


CLINICIAN MUST BE PREPARED TO for short 
Succinylcholine should not be mixed with procedures 


short-acting barbiturates in the same syringe, 
or administered simultaneously during 








intravenous infusion Me A same nodio, e ready for immediate use 
Solutions of succinylcholine have an acid p , : | 
whereas those of barbiturates are alkaline in e 20 mg. in each cc. in 10 cc. 
reaction. Depending upon the resultant pH of multi-dose vials 
a mixture of solutions of these drugs, either 
free barbituric acid may be precipitated or e Square bottle stands out 
succinylcholine hydrolyzed. 

Usage in Pregnancy: The safe use t "M from others 
succinylcholine has not been established wit . 
respect to the possible adverse effects upon e flip-top Cap assures easy 
fetal development. Therefore, it should not be opening 
used in women of childbearing potential and 
particularly co a qe pregnancy aaan 2 single or repeated use, 
the judgment of the physician the potentia 
benefits outweigh the unknown hazards. as necessaly 


See opposite page for continuation. 


for controlled muscle relaxation 


Anectine 


(succinylcholine 
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Continued from opposite page. 


PRECAUTIONS: Low levels of, or abnormal variants of plasma 


cholinesterase may be associated with prolonged respiratory 


depression or apnea following the use of succinylcholine. Low 





r long | 
rocedures 


e instant-mix sterile powder 
packaged for convenient use 

e unbreakable sterile 
plastic injection 
units of 500 and 1,000 mg. 

* no separate needle or 
syringe necessary 

e for vacuum or 
non-vacuum bottles 

e no refrigeration required 

e powder retains potency 

indefinitely 


levels of plasma cholinesterase may occur in patients with severe 
liver disease or cirrhosis, severe anemia, malnutrition, severe 
dehydration, changes in body temperature, exposure to neuro- 
toxic insecticides or those receiving antimalarial drugs. Succinyl- 
choline should be administered with extreme care to such 
patients and dosage should be minimal. If low plasma cholines- 
terase activity is suspected, a small test dose of from 5 to 10 

mg. of succinylcholine may be administered, or relaxation may 
be produced by the cautious administration of a 0.196 solution 
of the drug by intravenous drip. Drugs which either inhibit 
plasma cholinesterase, such as neostigmine, or compete with 


succinylcholine for the enzyme, as does intravenous pro- 


caine, should not be given concurrently with succinylcholine. 


Succinylcholine should be administered with great cau- 
tion to patients with severe burns, those recovering from 
severe trauma, those suffering from electrolyte imbalance, 
those who have been digitalized recently or who may 
have digitalis toxicity as serious cardiac arrhythmias or 
cardiac arrest may result. Great caution should be ob- 
served also in patients with preexisting hyperkalemia or 
who are paraplegic, have suffered spinal neuraxis injury, 
or have degenerative or dystrophic neuromuscular dis- 
ease, as such patients tend to become severely hyper- 
kalemic when succinylcholine is given. 

When succinylcholine is given over a prolonged period 
of time, the characteristic depolarization block of the 
myoneural junction may change to a non-depolarizing 
block which results in prolonged respiratory depression 
or apnea. Under such circumstances, small repeated 
doses of neostigmine or edrophonium may possibly act as 
antagonists. A peripheral nerve stimulator (e.g., the 
Wellcome Peripheral Nerve Stimulator) may be used to 
ascertain the type of neuro-muscular blockade. if a 
depolarization block is present both fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sustained, 

and post-tetanic facilitation is absent. If a non-depolariz- 
ing block is present there is post-tetanic facilitation and 
“fade” of successive stimuli on both fast (tetanic) and 
slow (twitch) rates of nerve stimulation. 

Succinylcholine should be used with caution during ocular 
surgery and in patients with glaucoma. The drug should 
be employed with caution in patients with fractures or 
muscle spasm as the muscle fasciculations may cause 
additional trauma. Muscle fasciculations and hyperkalemia 
may be reduced by administering a small dose of a 
non-depolarizing relaxant. If other relaxants are to be 
used during the same procedure, the possibility of a 
synergistic or antagonistic effect should be considered. 
ADVERSE REACTIONS: Adverse reactions consist primar- 
ily of an extension of the drug's pharmacological actions. 
Profound and prolonged muscle relaxation may occur, 
resulting in respiratory depression to the point of apnea. 
Hypersensitivity to the drug may exist in rare instances. 
The following adverse reactions have been reported: 
bradycardia, tachycardia, hypertension, hypotension, 
arrhythmias, cardiac arrest, prolonged respiratory depres- 
sion or apnea, hyperthermia, increased intraocular pres- 
sure, muscle fasciculation, post-operative muscle pain, 
myoglobinemia and excessive salivation. 

MANAGEMENT OF ADVERSE REACTIONS: Apnea or 
prolonged muscle paralysis should be treated with 
controlled respiration. 

The use of neostigmine to reverse a non-depolarization 
block is a medical decision which must be decided upon 
the basis of the individual clinical pharmacology and 

the experience and judgment of the clinician. When 
neostigmine is used atropine should also be administered. 
SUPPLIED: Injection, Multi-dose vials, 20 mg./cc., 10 cc., 
boxes of 12 vials. Sterile Solution, 50 mg./cc., 10 cc. 
amp.; 100 mg./cc., 10 cc. amp., boxes of 12. Flo-Pack$, 
Sterile Powder 500 mg. and 1000 mg., boxes of 12. 


Complete literature available on request from 
Professional Services Dept. PML. 





Burroughs Wellcome Co. 
Research Triangle Park 


Wellcome / North Carolina 27709 
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Can we help with your questions about GARAMYCIN Injectable, Doctor? 
If so, write to: 


Schering Corporation 
Professional Services Department 
Galloping Hill Road 
Kenilworth, New Jersey 07033 
Telephone: (201) 245-5000 





WARNING: Patients treated with GARAMYCIN Injectable should be under close clinical observation because of the potential toxicity 
associated with the use of this drug. 
dpi & both vestibular and auditory, can occur in patients, primarily those with preexisting renal damage. treated with 
n 


GARAM YcIN Injectable, usually for longer periods or with higher doses than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this should be kept in mind when it is used in patients with preexisting renal 
impairment. (See Package Insert for other precautions, contraindications, ctc.) 

Monitoring of renal and eighth nerve function is recommended during therapy of patients with known impairment of renal functio 
This testing is also recommended in patients with normal renal function at onset of therapy who develop evidence of nitrogen 
retention (increasing BUN, NPN, creatinine or oliguria). Evidence of ototoxicity requires dosage adjustments or discontinuance 
of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible and prolonged concentrations above 12 mcg./ml. should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic drugs, particularly streptomycin, neomycin, kanamycin, cephaloridine, 
viomycin polymyxin B, and polymyxin E (colistin), should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not been established. 
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Serious Surgical Infections 
Q. Are the etiologic patterns in hospital-acquired infections changing? 


A. Yes. Although staphylococci are still the most common causative agents in wound infections, gram- 
negative bacteria are becoming more and more significant as causes of certain types of wound 
infections. Klebsiella, Pseudomonas, Proteus, Serratia, and Escherichia coli are implicated with 
increasing frequency. 


Q. Against which of the above pathogens is GARAMYCIN Injectable effective? 


GARAMYCIN Injectable is effective against susceptible strains of all of them. GARAMYCIN Injectable 
may be considered an antibiotic for initial therapy in suspected as well as documented gram-negative 
sepsis. GARAMYCIN Injectable has been shown to be effective in serious staphylococcal infections. 

It may be considered in those infections when penicillins or other less potentially toxic drugs are 
contraindicated and bacterial susceptibility testing and clinical judgment indicate its use. (For 
detailed listing of susceptible organisms, see prescribing information on the following page.) 


Adverse Reactions 


Q. What about adverse reactions to GARAMYCIN Injectable? 


SN 


As with certain other aminoglycoside antibiotics, neurotoxicity (primarily vestibular) and potential 
nephrotoxicity are risks of therapy (see warning statement on preceding page). With GARAMYCIN 
Injectable, the risk of toxic reactions is low in patients with normal renal function who do not receive 
the drug at higher doses or for longer periods than recommended. For example, the normal patient 
receiving the recommended single dose will attain a blood level of approximately 4 mcg. / ml.; the 
potentially toxic level is 12 mcg. /ml. Studies concerning the toxicity as outlined above are available 
on request from Schering Laboratories. 


Dosage Guidelines in Serious Surgical Infections-IM /IV 


Is it always necessary to adjust dosage to the patient's weight? 


a KO 


No. While the basic daily dosage of GaRAMYciN Injectable, as recommended in the Product Informa- 
tion Sheet, is 3 mg./kg. /day, administered in three equal doses, many busy physicians prefer to use an 
average dose. 

A new, simplified dosage guideline is provided in recently revised GARAMYCIN Injectable labeling 
which assures adequate serum levels. 

This new dosage, in patients with normal renal function, is easy to calculate and easy to remember. 
Adults weighing 132 pounds or less should receive 1.5 cc. (60 mg.) every eight hours. Adults weighing 
more than 132 pounds should receive 2 cc. (80 mg.) every eight hours. In children and infants and 
patients with impaired renal function, dosage should be adjusted in accordance with instructions set 
forth in the Product Information Sheet. Use in newborns is limited to life-threatening infections. 


Q. Can GARAMYCIN Injectable be administered intravenously? 


A. For intravenous use dilute a single dose in 100 or 200 cc. of sterile normal saline (or sterile dextrose 
5% in water); infuse over a period of 1-2 hours. The concentration of GARAMYCIN in solution should 
not exceed 1 mg./cc. (0.1%). 


Clinical Evidence 
Q. How much clinical usage has Garamycin Injectable had? 


- Since its introduction in 1969, GARAMYCIN Injectable has been administered to more than 750,000 
patients with a variety of serious gram-negative infections. Results have been satisfactory in the vast 
majority of these patients, even in those with life-threatening infections. The antibiotic has been the 
subject of more than 1500 published papers and 12 international symposia. 

GARAMYcCIN has also had widespread use in other parts of the world — Canada, South America, 
Europe, Africa, Australia, and Japan. It has been used successfully abroad for nearly 10 years. 


See Clinical Considerations section which follows... 


Injectable GARAMYCIN® [.M./I.V. 

brand of gentamicin sulfate U.S.P, injection 40 mg./cc. 

Each cc. contains gentamicin sulfate equivalent to 40 mg. gentamicin 
For Parenteral Administration 


WARNING: 

Patients treated with GARAMYCIN Injectable should be under 
close clinical observation because of the potential toxicity as- 
sociated with the use of this drug. 

Ototoxicity, both vestibular and auditory, can occur in pa- 
tients, primarily those with preexisting renal damage, treated 
with GARAMYCIN Injectable, usually for longer periods or with 
higher doses than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and this 
should be kept in mind when it is used in patients with pre- 
existing renal impairment. (See Package Insert for other precau- 
tions, contraindications, it. 

Monitoring of renal and eighth nerve function is recom- 
mended during therapy of patients with known impairment of 
renal function. This testing is also recommended in patients 
with normal renal function at onset of therapy who develop 
evidence of nitrogen retention (increasing BUN, NPN, creati- 
nine or oliguria). Evidence of ototoxicity requires dosage ad- 
justments or discontinuance of the drug. 

In event of overdose or toxic reactions, peritoneal dialysis or 
hemodialysis will aid in removal of gentamicin from the blood. 

Serum concentrations should be monitored when feasible 
and prolonged concentrations above 12 mcg./ml. should be 
avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic 
drugs, particularly streptomycin, neomycin, kanamycin, ceph- 
aloridine, viomycin, polymyxin B, and polymyxin E (colistin), 
should be avoided. 

Usage in Pregnancy: Safety for use in pregnancy has not 
been established. 





Indications: GARAMYCIN Injectable is indicated, with due regard for 
relative toxicity of antibiotics, in the treatment of serious infections 
caused by susceptible strains of the following microorganisms: Pseudo- 
monas aeruginosa, Proteus species (indole-positive and indole-nega- 
tive), Escherichia coli and Klebsiella-Enterobacter-Serratia species. 
Clinical studies have shown GARAMYCIN Injectable to be effective in 
serious infections of the central nervous system (meningitis), septice- 
mia, urinary tract, respiratory tract, gastrointestinal tract, skin and 
soft tissue (including burns). Bacteriologic tests to determine the caus- 
ative organisms and their susceptibility to gentamicin should be per- 
formed. Bacterial resistance to gentamicin develops slowly in stepwise 
fashion; there have been no one-step mutations to high resistance. 

In suspected or documented gram-negative sepsis, GARAMYCIN may 
be considered as initial therapy. The decision to continue therapy 
with this drug should be based on the results of susceptibility tests, 
the severity of the infection, and the important additional concepts 
contained in the “Warning Box” above. 

GARAMYCIN has been shown to be effective in serious staphylococcal 
infections. It may be considered in those infections when penicillins or 
other less potentially toxic drugs are contraindicated and bacterial sus- 
ceptibility testing and clinical judgment indicate its use. 


Contraindications: A history of hypersensitivity to gentamicin is a 
contraindication to its use. 


Precautions: The concurrent use of gentamicin with potent diuretics 
such as ethacrynic acid should be avoided. Intravenous diuretics may 
cause fairly rapid rise in gentamicin serum level and potentiate neuro- 
toxicity. Neuromuscular blockage and respiratory p have been 
reported in the cat receiving high doses (40 mg./kg.) of gentamicin. 
The possibility of these phenomena occurring in man should be con- 
sidered if gentamicin is administered to patients receiving neuromus- 
cular blocking agents such as succinylcholine and tubocurarine. Treat- 
ment with gentamicin may result in overgrowth of nonsusceptible 
organisms. If this occurs, appropriate therapy is indicated. 


Adverse Reactions: Nephrotoxicity: Adverse renal effects, as demon- 
strated by rising BUN, NPN, serum creatinine and oliguria, have been 
reported. They occur more frequently in patients with a history of 
renal impairment trcated with larger than recommended dosage. Neu- 
rotoxicity: Adverse effects on both vestibular and auditory branches 
of the cighth nerve have been reported in patients on high dosage 
and/or prolonged therapy. Symptoms include dizziness, vertigo, tin- 
nitus, roaring in the cars and hearing loss. Numbness, skin tingling, 
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Now recommended for IV use where indicated Me 





muscle twitching, and convulsions have also been reported. 

Note: The risk of toxic reactions is low in patients with normal renal 
function who do not receive GARAMYCIN Injectable at higher doses or 
for longer periods of time than recommended. 


Other reported adverse reactions, possibly related to gentamicin, 
include increased serum transaminase (SGOT, SGPT), increased se- 
rum bilirubin, transient hepatomegaly, decreased serum calcium; 
splenomegaly, anemia, increased and decreased reticulocyte counts, 
granulocytopenia, thrombocytopenia, purpura; fever, rash, itching, 
urticaria, generalized burning, pen pain, laryngeal edema; nausea, 
vomiting, headache, increased salivation, lethargy and decreased appe- 
tite, weight loss, pulmonary fibrosis, hypotension and hypertension. 


Dosage and Administration: GARAMYCIN Injectable may be given 
intramuscularly or intravenously. 

For intramuscular administration in adults with normal renal func- 
tion:* 

For patients weighing over 60 kg. (132 lb), the usual dosage is 
80 mg. (2 cc.) three times daily. For patients weighing 60 kg. (132 Ib.) 
or less, the usual dosage is 60 mg. (1.5 cc.) three times daily. 

In patients with life-threatening infections, dosages up to 5 mg./ 
kg./day may be administered in three or four equal doses. This dos- 
age should he reduced to 3 mg./kg./day as soon as clinically indicated. 

*In children and infants and patients with impaired renal function, 
dosage must be adjusted in accordance with instructions set forth in 
the Package Insert. Use in newborns should be limited to life-threat- 
ening infections. See Package Insert. 


For Intravenous Administration: The intravenous administration of 
GARAMYCIN Injectable is recommended in those circumstances when 
the intramuscular route is not feasible (e.g., patients in shock, with 
hematologic disorders, with severe burns, or with reduced muscle 
mass). For intravenous administration, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 cc. of sterile normal saline or 
in a sterile solution of dextrose 5% in water; the concentration of 
gentamicin in solution should not exceed | mg./cc. (0.1%). The solu- 
tion is infused over a period of 1 to 2 hours. 

GARAMYCIN Injectable should not be physically premixed with 
other drugs, but should be administered separately in accordance 
with the recommended route of administration and dosage schedule. 


How Supplied: GARAMYcIN Injectable, 40 mg./cc., 2 cc. multiple-dose 
vials, for parenteral administration. MARCH, 1971 
AHFS Category 8:12.28 


For more complete prescribing details, consult Package Insert or Phy- 
sicians' Desk Reference. Schering literature is also available from your 
Schering Representative or Medical Services Department, Schering 
Corporation, Kenilworth, New Jersey 07033. 


References: 1. Brayton, R. G., and Louria, D. B.: Gentamicin in gram-negative 
urinary and pulmonary infections, Arch. Int. Med. /14:205, 1964. 2. Louria, 
D. B.; Young, L.; Armstrong, D., and Smith, J. K.: Gentamicin in the treatment 
of pulmonary infections, J. Infect. Dis. //9:483, 1969. 3. Gatmaitan, B. G.; 
Carruthers, M. M., and Lerner, A. M.: Gentamicin in treatment of primary 
gram-negative pneumonias, Am. J. M. Sc. 260:90, 1970. 4. Cox, C. E.: Gentamicin, 
M. Clin. North America 54:1305, 1970. 5. Cox, C. E.: Gentamicin, a new 
aminoglycoside antibiotic: Clinical and laboratory studies in urinary tract in- 
fection, J. Infect. Dis. 119:486, 1969. 6. Cox, C. E., and Harrison, L. H.: 
Gram-negative bacteremia and comparison of gentamicin and polymyxin B— 
kanamycin therapy. Presented at the Annual Meeting of the American Urological 
Association, Philadelphia, Pennsylvania, May 10-14, 1970. To be published in 
J. Urol. 7. Groll, E.: Clinical experience with gentamicin, data from 12 German 
clinics, in Gentamicin: First International Symposium, Paris, January 1967, 
Lucerne, Essex Chemie AG, 1967, p. 121. 8. Jackson, G Laboratory and 
clinical investigation of gentamicin, ibid., p. 62. 9. Medeiros, A. E.: Discussion, 
J. Infect. Dis. 719-533, 1969. 10. Finland, M.: Gentamicin: Antibacterial activity, 
clinical pharmacology and clinical applications, M. Times 97:161, 1969. 11. 
Polk, H.: Discussion, J. Infect. Dis. 179:529, 1969. 
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Each cc. contains gentamicin sulfate 
equivalent to 40 mg. gentamicin 
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PARE Ss 


..and want to do it as seldom 


as possible 


With ARISTOSPAN, you minimize trauma to the joint because unnecessary 
intra-articular injections can be avoided. Since ARISTOSPAN is the least 
soluble of all injectable corticosteroids, it can be expected to be absorbed 

slowly from the injection site in intra-articular therapy of rheumatoid arthritis 


and osteoarthritis. 


..and want to do it appropriately 


equipped 


With the new LEDERJECT* syringe, you reduce the risk of contamination 
to a minimum-—at a time when strict aseptic technique is essential. 

What's more, the disposable syringe makes intra-artieular injection 

more convenient than ever before (supplied without needle so that 

you can make your own selection—convenient syringe guard is provided 


to facilitate injections). 


NOW 
ARISTOSPAN 


TRIAMCINOLONE HEXACETONIDE (20 mg./cc.) 


The corticosteroid 


specifically designed for 


intra-articular use 


ARISTOSPAN Triamcinolone Hexacetonide 


Contraindications: Do not give intravenously. (Absolute) 
Active, latent or questionably healed tuberculosis; ocular 
herpes simplex; acute psychosis. Hypersensitivity to any 
component, (Relative) Active peptic ulcer; acute glomerulo- 
nephritis; myasthenia gravis; osteoporosis; fresh intes- 
tinal anastomoses; diverticulitis; thrombophlebitis; psychic 
disturbances; diabetes mellitus; hyperthyroidism; acute cor- 
onary artery disease; hypertension; limited cardiac reserve; 
local or systemie (including fungal and exanthematous) 
infections; pregnancy, partieularly during the first trimes- 
ter; when previous injections have produced local atrophy; 
in the presence of infection in or near the dermatologic 
lesions to be injected. In above, consider the risks against 
anticipated gains. 

Warning: Unilateral blindness has been reported following 
steroid injection in the scalp (extremely rare). Weigh 
possible benefits against possible risks when injecting into 
facial or scalp region. 

Precautions: Upon anaphylactoid or other severe reactions 
or idiosyncrasy, discontinue therapy; take proper measures. 
Withdraw gradually after prolonged treatment. When pa- 
tients on ARISTOSPAN or up to two years after discon- 
tinuance, are subjected to unusual stress (trauma, surgery), 
consider use of a soluble corticosteroid. Corticosteroid 
therapy may obscure symptoms of developing infection; if 
it occurs, treat appropriately, Growth suppression of chil- 
dren is possible during prolonged use. Corticosteroid ther- 
apy provides symptomatic treatment and does not obviate 
the need for conventional measures. Intralesional, Suble- 
sional Use: Overdosage (single, or repeated injections into 
the same intralesional site) may produce local subcutaneous 








LEDERJECT 


Disposable Syringe 


'Triamcinolone Hexacetonide 
lec. in 2 ec. syringe to allow 
room for diluents 

(also available 

in 1 and 5 cc. vials) 


atrophy, delaying recovery for several months. Avoid enter- 
ing a blood vessel. 

Adverse Reactions: Intralesional, Sublesional: (Most trouble- 
some) Subcutaneous atrophy at injection site (usually due 
to frequency of injection, overdosage, inadequate dilution, 
too great a volume). Local effects: abscess, erythema, pain, 
swelling, necrosis, intradermal calcification at injection site, 
hypopigmentation, hyperpigmentation. Systemic effects: 
infrequent, but possible: depression of appetite (in contrast 
to voracious appetite ordinarily encountered with other glu- 
cocorticoids; mood depression (most common corticosteroids 
may cause euphoria); mild early diuresis making edema 
uncommon (common glucocorticoids cause sodium retention 
and edema); myopathy with muscle weakness involving 
thighs, pelvis and lower back (may occur more frequently 
than with other corticosteroids). General glucocorticoid ef- 
fects: Cushingoid changes such as: acne, flushing, moon 
face, hirsutism, etc.; endocrinologie effects such as amenor- 
rhea, menstrual irregularity, aggravation of pre-existing 
and/or precipitation of latent diabetes mellitus; skeletal 
changes such as osteoporosis, spontaneous fractures, aseptic 
necrosis of hip, humerus, and metacarpals; psychic disturb- 
ances, insomnia, headache, increased intracranial pressure 
with papilledema (pseudotumor cerebri), convulsions; ex- 
ophthalmos, increased intraocular tension, subcapsular 
cataracts; peptic ulcer with possible perforation and hem- 
orrhage; ulcerative esophagitis; thromboembolic disease, 
ecchymoses, purpura, leukopenia; negative nitrogen bal- 
ance; hypertension; and rarely, necrotizing angiitis and 
acute pancreatitis. These systemic effects are unlikely to oc- 
cur when drug is used as recommended, 


Zo LEDERLE LABORATORIES, A Division of American Cyanamid Company, Pearl River, New York 10965 
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Skeletal muscle spasm 
frequently 
starts here. 





1. Local 2. Interneurons 3. Other 
pathology stimulates in the spinal cord impulses from the 
free nerve endings, transmit the impulse free nerve endings 
sending impulses to to the main motor ascend the cord to 
the spinal cord. neurons, which thalamic and cortic 

contract the muscle levels where they a1 
fibers via the motor registered as pain. 


endplates. (This is the 
withdrawal reflex.) 


Valium (diazepam) can be a valuable adjunct in 
your efforts to relieve incapacitating skeletal muscle 
spasm due to local pathology. In strains, fibrositis — any 
form of inflammation or trauma that results in skeletal 
muscle spasm — Valium can help you speed recovery by 
relaxing hypertonic muscles. 

Adjunctive Valium can also help you treat certain 
spastic disorders due to upper motor neuron lesions. 
Patients you can benefit range from athetoid children 
with cerebral palsy to elderly stroke victims. And in its 
injectable form, you can use Valium to help relieve the 
overwhelming spasms of tetanus. 

You should always set Valium dosage at the lowest 
effective level when treating elderly or debilitated 
patients. For example, by starting out with the 2-mg 
tablet once or twice daily, you may often preclude the 
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5. Contraction 6. Valium? (diazepam) — 
of the muscle spindle the potent skeletal muscle 
stimulates its relaxant that can be administered 
annulospiral parenterally or orally. 


receptors to send 
impulses via a single 
synapse to the main 
motor neurons, 


augmenting the state 
of contraction. 


development of ataxia or oversedation in geriatric 
outpatients. Lower doses of the injectable (usually 2 mg 
to 5 mg) should be used. 

Injectable Valium (diazepam) seldom signifi- 
cantly depresses respiration. Nevertheless, you should 
have resuscitative facilities available when injecting 
Valium I.V. Rare reports of apnea or cardiac arrest have 
been noted, especially in elderly or very ill patients and 
those with limited pulmonary reserve. 


Before prescribing, please consult summary of product 


information on following page. Š 
Valium 


(diazepam) 


adjunct in skeletal muscle spasm 








2-mg, 5-mg, 10-mg tablets 


Before prescribing, please consult 
complete product information, a 
summary of which follows: 


Indications: Tension and anxiety 
states, somatic complaints which 
are concomitants of emotional 
factors; psychoneurotic states man- 
ifested by tension, anxiety, appre- 
hension, fatigue, depressive 
symptoms or agitation; symptomatic 
relief of acute agitation, tremor, 
delirium tremens and hallucinosis 
due to acute alcohol withdrawal; 
adjunctively in: skeletal muscle 
spasm due to reflex spasm to local 
pathology; spasticity caused by 
upper motor neuron disorders; 
athetosis; stiff-man syndrome. 
Injectable form may also be used 
adjunctively in status epilepticus 
and severe recurrent seizures; 
anxiety prior to gastroscopy, 
esophagoscopy, and surgical pro- 
cedures; cardioversion (l.V.); 
tetanus. 

Contraindications: Use of Injectable 
in infants and tablets in children 
under 6 months of age; known 
hypersensitivity to drug; acute 
narrow angle glaucoma; may be 
used in patients with open angle 
glaucoma who are receiving appro- 
priate "ero. , 
Warnings: Tablets: Not of value in 
treatment of psychotic patients, and 
should not be employed in lieu of 
appropriate treatment. As with most 
CNS-acting drugs, caution patients 
against hazardous occupations re- 
quiring complete mental alertness 
(e.g., operating machinery, driving). 
When using oral form adjunctively 
in convulsive disorders, possibility 
of increase in frequency and /or 
severity of grand mal seizures may 
require increase in dosage of stand- 
ard anticonvulsant medication; 
abrupt withdrawal in such cases 
may also be associated with tem- 
porary increase in frequency and/ 
or severity of seizures. Advise 
patients against simultaneous 
ingestion of alcohol and other CNS 
depressants. Withdrawal symptoms 
(similar to those with barbiturates 
and alcohol) have occurred foliow- 
ing abrupt discontinuance (convul- 
sions, tremor, abdominal and 
muscle cramps, vomiting and 
sweating). Keep addiction-prone 
individuals (such as drug addicts 
or alcoholics) under careful sur- 
veillance because of their predis- 
position to habituation and 
dependence. Use of any drug in 
pregnancy, lactation or in women 
of childbearing age requires that 
potential benefit be weighed against 
possible hazard. Injectable: |.V. 
should be injected slowly, directly 
into vein, taking at least one minute 
for each 5 mg (1 ml) given; do not 
mix or dilute with other solutions 


Valium 


(diazepam) 


2-ml Tel-E-Ject' " (disposable syringes) 
10-ml multidose vials ? 5 mg/ml 


or drugs; do not add to I.V. fluids. 
Rare reports of apnea or cardiac 
arrest noted, usually following I.V. 
administration, especially in elderly 
or very ill and those with limited 
pulmonary reserve; duration is 
brief; resuscitative facilities should 
be available. Not recommenced as 
the sole treatment for psychctic or 
severely depressed patients; should 
not be administered to patients in 
shock, coma, or in acute alcoholic 
intoxication with depression of vital 
signs. 

Precautions: If combined with other 
psychotropics or anticonvulsants, 
carefully consider individual phar 
macologic effects—particularly 
with known compounds which may 
potentiate action of Valium (diaz- 
epam), such as phenothiazines, 
narcotics, barbiturates, MAO 
inhibitors and other antidepres- 
sants. Employ usual precautions in 
the severely depressed or in those 
with latent depression; suicidal tend- 
encies may be present and protec- 
tive measures necessary. Observe 
usual precautions in impaired 

renal or hepatic function. Limit 

oral dosage to smallest effective 
amount in elderly and debilitated 

to preclude ataxia or overseda- 

tion (initially 2 to 24% mg once or 
twice daily, increasing gradually 

as needed or tolerated). Injectable: 
Not recommended for bronchos- 
copy, laryngoscopy, obstetrical 

use, or in diagnostic procedures 
other than gastroscopy and esopha- 
goscopy; laryngospasm is a possible 
reaction during gastroscopy and 
necessary countermeasures should 
be available; drug has produced 
hypotension or muscular weakness 
particularly when used with nar- 
cotics, barbiturates or alcohol; since 
effect with narcotics may be addi- 
tive, appropriate reduction in nar- 
cotic dosage is possible; use lower 
doses (2 to 5 mg) for elderly and 
debilitated; safety and efficacy in 
children under 12 not established. 
Adverse Reactions: Side effects most 
commonly reported: drowsiness, 
fatigue and ataxia. Infrequently 
encountered: confusion, constipa- 
tion, depression, diplopia, dys- 
arthria, headache, hypotension, 
incontinence, jaundice, changes in 
libido, nausea, Changes in Saliva- 
tion, skin rash, slurred speech, 
tremor, urinary retention, vertigo 
and blurred vision; with Injectable, 
hiccups, hypoactivity, phlebitis at 
injection site, syncope and urticaria. 
Paradoxical reactions such as acute 
hyperexcited states, anxiety, hallu- 
cinations, increased muscle spastic- 
ity, insomnia, rage, sleep disturb- 
ances and stimulation have been 
reported; should these occur, use 
of the drug should be discontinued. 
Because of isolated reports of neu- 


2-ml ampuls 


tropenia and jaundice, periodic 
blood counts and liver function tests 
are advisable during long-term 
therapy. Minor changes in EEG 
patterns (low-voltage fast activity) 
observed during and after therapy 
and are of no known significance. 
Dosage: Individualized for maxi- 
mum beneficial effect. ORAL—Adults: 
Tension, anxiety and psychoneu- 
rotic states, 2 to 10 mg b.i.d. to 
q.i.d.; alcoholism, 10 mg t.i.d. or 
q.i.d. in first 24 hours, then 5 mg 
t.i.d. or q.i.d. as needed; adjunc- 
tively in skeletal muscle spasm, 2 
to 10 mg t.i.d. or q.i.d.; adjunctively 
in convulsive disorders, 2 to 10 mg 
b.i.d. to q.i.d. Geriatric or debilitated 
patients: 2 to 2⁄2 mg 1 or 2 times 
daily initially, increasing as needed 
and tolerated. (See Precautions.) 
Children: 1 to 2⁄2 mg t.i.d. or q.i.d. 
initially, increasing as needed and 
tolerated (not for use under 6 
months). INJECTABLE—UsSual initial 
adult dose is 2 to 10 mg I.M. or l.V., 
depending on indication for use. 
Lower doses (usually 2 to 5 mg) 
with slow dosage increase for 
elderly or debilitated patients and 
when sedative drugs are added. (See 
Precautions and Adverse Reac- 
tions.) In gastroscopy and esopha- 
goscopy, 5 to 10 mg I.M. or I.V., 30 
min. prior to procedure. As pre- 
operative medication, 10 mg I.M., 

] to 2 hours before surgery. In 
cardioversion, 5 to 15 mg, l.V., 
within 5 to 10 min. prior to proce- 
dure. Give I.V. injections slowly; 
take at least 1 minute for each 5 mg 
(1 ml). 

In acute conditions injection may 
be repeated within 1 hour, although 
interval of 3 to 4 hours is usually 
satisfactory; not more than 30 mg 
should be given within 8-hour 
period. Once acute symptomatology 
has been properly controlled with 
injectable form, patient may be 
placed on oral form if further treat- 
ment is required. 

Supplied: Valium® (diazepam) 
Tablets, 2 mg, 5 mg and 10 mg; 
bottles of 100 and 500. All strengths 
also available in Tel-E-Dose® 
packages of 1000. Valium® (diaz- 
epam) Ampuls, 2 ml, boxes of 10; 
Vials, 10 ml, boxes of 1; Tel-E- 
Ject'^- (disposable syringes), 2 ml, 
boxes of 10. Each ml contains 5 mg 
diazepam, compounded with 40% 
propylene glycol, 10% ethyl alcohol, 
5% sodium benzoate and benzoic 
acid as buffers, and 1.5% benzyl 
alcohol as preservative. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 
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—new Saunders surgical guides— 


The Surgical Clinics of North America 
June 1972: NONPENETRATING 
THORACO-ABDOMINAL INJURIES 


Gordon F. Madding, M.D., Guest Editor; 
Paul A. Kennedy, M.D., Assoc. Editor. 


Immediately-useful information on managing 
wounds and their accompanying trauma and 
shock. In 22 articles, over 35 experts show how 
they treat injuries to the chest wall and esophagus 
—stomach and duodenum—pancreas—spleen— 
colon and rectum—thoracic and lumbar spine. 
You can count on up-to-date insights in every 
issue of the Surgical Clinics. 


Published bimonthly. Av. 275 pp. per issue. Hard- 
bound. Illustd. No advt. Available by yearly sub- 
scription only— $21. 


A Saunders Visual Aid— 


Schlossberg & Zuidema: 
SURGICAL ANATOMY OF THE 
ABDOMEN AND PELVIS 


Thirty-two full-color plates depict anatomic ap- 
pearances, sizes and interrelationships. Each 
14" x 17" translucency mounts easily on an x-ray 
view box for classroom or operating room refer- 
ence. Underlying structures appear semi-trans- 
parently. Lucid textual descriptions provided on 
accompanying hand-held sheets. 


By Leon Schlossberg, Medical Illustrator, and 
George D. Zuidema, M.D., Professor of Surgery, 
both of Johns Hopkins Univ. 32 plates with com- 
mentary, $275. Just Published. 
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W. B. SAUNDERS COMPANY 


West Washington Square, Philadelphia, Pa. 19105 


Please enroll me in [] Surg Clinics—June 1972—$21 

[ ] Ortho Clinics—July 1972—$22.50 [] single copy—$14 
[ ] 9828 Schlossberg—Anatomy— $275 

[ ] 8519 Spinner—Forearm— $12.50 

[ ] Check enclosed—send postpaid 


Please send me 


[ ] Bill me 
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The Orthopedic Clinics of North America 
July 1972: 
AMPUTATIONS AND PROSTHESES 


Augusto Sarmiento, M.D., Guest Editor 


July's symposium brings together 15 experts on 
management of the amputee. In over a dozen 
timely articles, you'll find vital information on 
surgical techniques for lower extremity amputation 
—the child amputee—upper extremity prostheses 
—artificial limbs—below the knee and Syme’s 
amputation prostheses. 


Published three times yearly. Av. 225 pp. per issue. 
Hardbound. Illustd. No advt. $22.50 per year. 
$14 per copy. 


Spinner: 

INJURIES TO THE MAJOR 
BRANCHES OF PERIPHERAL 
NERVES OF THE FOREARM 


Dr. Spinner shows how to determine the need for 
surgical intervention for these difficult-to-diagnose 
lesions, through assessment of resting and pinch 
attitudes of the hand. Detailed descriptions of 
surgical management for anterior and posterior 
interosseous nerve, cubital tunnel, and pronator 
syndromes. Variations correlated with anatomical 
variations most often found responsible for them. 


By Morton Spinner, M.D., Assoc. Clinical Professor 
of Orthopedic Surgery, Albert Einstein College of 
Medicine. 141 pp. Illustd. $12.50. Feb. 1972. 
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An important oral antibiotic 
useful in office and hospital practice 
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Prescribing Information 








e Description: Keflex? (cephalexin 
slexin monohydrate monohydrate, Lilly) isa semisynthetic 
à : cephalosporin antibiotic intended for oral 
ailable in administration. It is 7-(D-a-amino-a- 
phenylacetamido)-3-methyl-3-cephem-4- 


Ivules, equivalent , s 
eq carboxylic acid, monohydrate. 


250 mg. or 500 mg. 


yhalexin Actions: Human Pharmacology—Keflex is 
acid stable and may be given without regard 
to meals. It is rapidly absorbed after oral 
administration. Following doses of 250 and 
500 mg., average peak serum levels of 
approximately 9 and 18 meg. per ml. 
respectively were obtained at one hour. 
Measurable levels were present six hours 
after administration. Over 90 percent of the 
drug is excreted unchanged in the urine 
within eight hours. Peak urine 
concentrations are approximately 1,000 
mcg. per ml. during this period following a 
250-mg. dose. 

Microbiology—In-vitro tests demonstrate 
that the cephalosporins are bactericidal 
because of their inhibition of cell-wall 
synthesis. Keflex is active against the 
following organisms in vitro: 

Beta-hemolytic streptococci 

Staphylococci, including coagulase- 

positive, coagulase-negative, and 
penicillinase-producing strains 

Diplococcus pneumoniae 

Escherichia coli 

Proteus mirabilis 

Klebsiella sp. 





al Suspension, 
aivalent to 125 mg. 
yhalexin per 5 ml., 
100-ml.-size and new 
-ml.-size packages 





diatric Drops, 
uivalent to 100 mg. 
phalexin per ml., in 
-ml.-size packages 





Note—Most strains of enterococci 
(Streptococcus faecalis) and a few strains 
of staphylococci are resistant to Keflex® 
(cephalexin monohydrate, Lilly). It is 
not active against most strains of 
Enterobacter sp., Pr. morganii, and Pr. 
vulgaris. It has no activity against 
Pseudomonas or Herellea species. When 
tested by in-vitro methods, staphylococci 
exhibit cross-resistance between Keflex and 
methicillin-type antibiotics. 


Indications: Keflex is indicated for the 
treatment of the following infections when 
caused by susceptible strains of the 
designated micro-organisms: 

Respiratory tract infections caused by 
D. pneumoniae and group A beta-hemolytic 
streptococci (Penicillin is the usual drug of 
choice in the treatment and prevention of 
streptococcus infections, including the 
prophylaxis of rheumatic fever. Keflex is 
generally effective in the eradication of 
streptococci from the nasopharynx; 
however, substantial data establishing the 
efficacy of Keflex in the subsequent 
prevention of rheumatic fever are not 
available at present.) 

Skin and soft-tissue infections 
caused by staphylococci 

Urinary tract infections 
caused by Esch. coli, Pr. oe 
mirabilis, and Klebsiella sp. 5» 

Note—Culture and 
susceptibility 
tests should be MU If 
initiated prior fF 
to and during 
therapy. Renal 
function studies 
should be performed 
when indicated. 










Contraindica- 
tion: Keflex 

is contraindicated © « 
in patients with known allergy to the 
cephalosporin group of antibiotics. 


Warnings: IN PENICILLIN-ALLERGIC 
PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH CREAT CAUTION. THER 
IS CLINICAL AND LABORATORY EVIDENCE OF 
PARTIAL CROSS-ALLERGENICITY OF THE 
PENICILLINS AND THE CEPHALOSPORINS, AND 
THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUGS 
(INCLUDING FATAL ANAPHYLAXIS AFTER 
PARENTERAL USE). 


efile -° 


cephalexin monohydrate 





f 





Any patient who has demonstrated some Hypersensitivity—Allergies (in the form of 
form of allergy, particularly to drugs, rash, urticaria, and angioedema) have been 
should receive antibiotics cautiously and observed. These reactions usually subsided 
then only when absolutely necessary. No upon discontinuation of the drug. 
exception should be made with regard to Other reactions have included genital and 
Keflex® (cephalexin monohydrate, Lilly). anal pruritus, genital moniliasis, vaginitis 

Usage in Pregnancy—Safety of this and vaginal discharge, dizziness, fatigue, 
product for use during pregnancy has not and headache. Eosinophilia, neutropenia, 
been established. and slight elevations in SGOT and SGPT 


l have been reported. 
Precautions: Patients should be followed 


carefully so that any side-effects or E Administration and Dosage: 





unusual manifestations of drug C = a ot 3A Keflex is administered orally. 
idiosyncrasy may be detected. If an t Ic ORR = The adult dosage ranges from 
allergic reaction to Keflex occurs, | -3 wet FW -3 Ito4Gm. daily in divided 

the drug should be discontinued SEXIES WR = doses. The usual adult dose is 
and the patient treated with the i) A) Iu" 250 mg. every six hours. For 
usual agents (e.g., epinephrine, i IEE more severe infections or those 
antihistamines, pressor amines, or | ÈX E | caused by less susceptible 
zorticosteroids). We organisms, larger doses may be 


Prolonged use of Keflex may result ey f- <>, needed. If daily doses of Keflex 
n the overgrowth of nonsusceptible fe LEE K greater than 4 Gm. are required, 










organisms. Careful observation of the 7 —2— X " parenteral cephalosporins, in 

;atient is essential. If superinfection Z appropriate doses, should be 

»ccurs during therapy, appropriate Pag considered. 

neasures should be taken. Kee ^ The recommended daily dosage 
Positive direct Coombs tests have been W $77. 4 for children is 25 to 50 mg. per Kg. 






'eported during treatment with the cephalo- 


^ divided into four doses. 
porin antibiotics. In hematologic studies | 





3 , Keflex Suspension 
rin transfusion cross-matching procedures Child's Weight (125 mg.l5 ml.) 
vhen antiglobulin tests are performed on the 10 Kg. (22 Ib.) Ito Honc did. 
ninor side or in Coombs testing of newborns 20 Kg. (44 Ib.) 1102 is did 
vhose mothers have received cephalosporin 40 Ke (88 Ib.) 2 to "den FE 
ntibiotics before parturition, it should be 
ecognized that a positive Coombs test may In severe infections, the dosage may be 
ie due to the drug. doubled. 

Keflex should be administered with caution In the treatment of beta-hemolytic strepto- 
1 the presence of markedly impaired renal coccus infections, a thera- ANA? p ANS 
unction. Under such conditions, careful peutic dosage of Keflex £ rE A Ml M AY 
linical observation and laboratory studies should be administered | M MT I ua mE 
hould be made because safe dosage may be forat least ten days. Cea Ef Pom 


»wer than that usually recommended. 

Indicated surgical procedures should be 
erformed in conjunction with antibiotic 
lerapy. 

Asa result of administration of Keflex, a 
ilse-positive reaction for glucose in the 
rine may occur. This has been observed 
ith Benedict’s and Fehling’s solutions and 
Iso with Clinitest® tablets but not with 
es-Tape® (urine sugar analysis paper, 


How Supplied: Pulvules? e. = E 

Keflex® (cephalexin mono- * Lu A. 

hydrate, Lilly) , equivalent F r E 

to 250 mg. or 500 mg. cephalexin, in 

bottles of 24 and 100 and in Identi-Dose® 

(unit dose medication, Lilly) in boxes of 100. 
Keflex, for Oral Suspension, equivalent to 

125 mg. cephalexin per 5-ml. teaspoonful, in 

60 and 100-ml.-size packages and in Identi- 





Dose in packages of 100. 
illy). Keflex, for Pediatric Drops, equivalent to 
dverse Reactions: Gastro-Intestinal— 100 mg. cephalexin per ml. (5 mg. per drop), 
he most frequent side-effect has b In 10-ml.-size packages, with dropper 

q V BAS SEER calibrated at 25 and 50 mg. — i 
arrhea. It was very rarely severe enough to dddldondl Bdatediton meii 

e LO ma 

arrant cessation of therapy. Nausea, l to iha profession on Fecuext. 
miting, dyspepsia, and abdominal pain 
tve also occurred. Eli Lilly and Company 


Indianapolis, Indiana 46206 
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No other ‘disposable or muslin drape can 


equal the performance of the new single-use 
BARRIER" % Sheet in extremity draping. 
Fluids won't soak through, even under 
pressure from a limb. Towel clamps grip 
securely without tearing. And the ab- 
sorbent surface helps control fluid 
run-off at the operative site. 
The secret is the extra-large panel! 
of tough DRISITE* Fabric bonded 
to critical areas of the sheet. im- 
/ pervious to moisture, this unique 
fabric prevents migration of patho- 
gens through the drape. 

Even if you’re still using muslin drapes, 
you'll want to add an extra measure of safety 
to your extremity draping procedures —the 
sterile, single-use BARRIER 34 Sheet. 


The new BARRIER 34 Sheet with 
DRISITE Fabric Panel. 


NEW SIZE... NEW PROTECTION 


innovators in surgical draping 


*TRADEMARK D fohmonshohmon 1972 





TO TREAT OR 
PREVENT NEGATIVE 
NITROGEN BALANCE 


*With adequate calories and other nutrients, 
when oral alimentaticn is not feasible for 
prolonged periods and/or there is impaired 
gastrointestinal absorption of protein. 





INTRODUCING 


FreAmine 


life-supporting IV. nutrition: 


with pure crystalline 
amino acids. 


FreAmine is the product of 10 years of research. It is 
the most concentrated source of naturally occurring, 
biologically available amino acids obtainable for I.V. 
nutrition. FreAmine is life-supporting—promotes 
anabolism and tissue synthesis when used in total 
parenteral nutrition, even during extended periods. 
FreAmine advantages include the following: 


* Purity: Immediate biologic availability—contains no 
peptides. 

* Concentration: 8.5% FreAmine, when mixed in a 1 to 1 
ratio with 50% Dextrose in Water, provides 6.25 g. of 
completely utilizable nitrogen plus 39 g. of protein equiv- 
alent per 1,000 ml., and 850 nonprotein calories. 

* Recognized Protein Standards: FreAmine formula is based 
on two internationally accepted standards: Rose’s recom- 
mended daily allowances of essential amino acids, and hen's 
egg, the World Health Organization's protein standard. 


* Balance: FreAmine contains 8 essential and 7 nonessential 
amino acids for optimum nitrogen balance and protein 
synthesis. 

* Nontoxicity: No allergic or sensitivity reactions have been 
reported. Contains no glutamic or aspartic acids, which 
have been shown to cause nausea and vomiting. 


Further information and literature can be obtained 
from your McGaw representative. 


tWith adequate calories and other nutrients, when oral alimentation is not feasible for 
prolonged periods and/or there is impaired gastrointestinal absorption of protein. 


McGAW LABORATORIES 


Division of American Hospital Supply Corporation 
Glendale, California - Milledgeville, Georgia 





DESCRIPTION: Each 100 ml. contains: FreAmine Amino 
Acid Mixture*, 8.5 g.; Sodium Bisulfite, U.S.P., less than 
0.10 g.; Water for Injection, U.S.P., q.s., pH adjusted 
with acetic acid (approximately 20 mEq./1. Acetate). 

Approximate concentration of amino acids (g./100 ml.): 


Essential Amino Acids: t-Isoleucine 0.59; r-Leucine 0.77; 
L-Lysine HCI 0.77; Methionine 0.45; t-Phenylalanine 0.48; 
L-Threonine 0.34; t-Tryptophan 0.13; r-Valine 0.56. 


Nonessential Amino Acids: r-Alanine 0.60; L-Arginine 
0.31; t-Histidine 0.24; r-Proline 0.95; t-Serine 0.50; 
Aminoacetic Acid (Glycine) 1.8; 1-Cysteine * HCl » H,O 
<0.02. Alpha amino nitrogen greater than 80% of total 
nitrogen present. Concentration of Electrolytes (mEq./1.): 
Sodium 10, Chloride 45. 


8.5% FreAmine Solution is a sterile, nonpyrogenic solu- 
tion containing pure crystalline amino acids. A 500 ml. 
unit provides a total of 39 g. of protein equivalent and 
6.25 g. of nitrogen. 


ACTIONS: 8.5% FreAmine Solution provides, in concen- 
trated form, a physiological ratio of completely utilizable 
amino acids for protein synthesis. Used with concentrated 
carbohydrate solutions, e.g., 20 to 50% dextrose solutions, 
as a source of calories plus electrolytes and vitamins, it 
provides total parenteral nutrition. 


INDICATIONS: As an adjunct in the prevention of nitro- 
gen loss, or in the treatment of negative nitrogen balance 
in patients where: (1) oral alimentation is not feasible for 
prolonged periods, and (2) there is impaired gastrointes- 
tinal absorption of protein. 


CONTRAINDICATIONS: 1. Anuria; 2. Hepatic coma. 


WARNINGS: 1. Administration of amino acids to a pa- 
tient with hepatic insufficiency may result in a rise in 
blood ammonia. 2. Administration of amino acids in the 
presence of impaired renal function may augment an in- 
creasing blood urea nitrogen. 3. It is essential to provide 
adequate calories if parenterally administered amino acids 
are to be retained by the body and utilized for protein 
synthesis. Calorie-to-nitrogen ratios of 125 to 150 calories 
per gram of nitrogen have been recommended to achieve 
positive nitrogen balance in traumatized patients, for ex- 
ample, surgical cases. 5096 Dextrose in Water is a con- 
venient source of adequate calories. 4. FreAmine has not 
been used in pregnant women; therefore, its safe use in 
such patients has not been demonstrated. 


PRECAUTIONS: 1. Whenever possible, 8.595 FreAmine 
Solution and its associated calorie solution should be ad- 
ministered through an indwelling intravenous catheter 
with the tip located in the vena cava or right atrium. 
2. During prolonged therapy, clinical evalution and peri- 
odic laboratory determinations are necessary. 


ADVERSE REACTIONS: Rarely, minor local reactions 
consisting of a warm sensation and erythema when the 
solution is administered by peripheral vein. 


DOSAGE AND ADMINISTRATION: The total daily dose 
of 8.5% FreAmine Solution depends on daily protein re- 
quirements and on the patient's response, which is deter- 
mined by clinical judgment aided by such laboratory data 
as nitrogen balance and serum protein levels. Recom- 
mended daily allowances of protein are approximately 
0.9 g. (12 ml.**) per kg. of body weight for a healthy 
adult and 1.4 to 2.2 g. (18 to 28 ml.**) per kg. for healthy 
growing infants and children. Thus, doses of 370 ml. and 
840 ml. of 8.5% FreAmine Solution would provide the 
recommended daily allowances of protein for a normal 
16 kg. (35 Ib.) child and 70 kg. (154 1b.) adult respectively. 


Protein requirements in traumatized or malnourished pa- 
tients may, however, be substantially increased. The 
determination of nitrogen balance is probably the best 
means of accurately assessing individual protein require- 
ments. Daily doses ranging from 15 to 24 ml. (1.2 to 
1.9 g.) per kg. of body weight are generally sufficient in 
such patients to satisfy protein needs and promote posi- 
tive nitrogen balance although up to 45 ml. per kg. have 
been administered in special cases. 


For optimum amino acid retention and utilization, 8.596 
FreAmine Solution should be administered at a rate of 
approximately 1 ml. per kg. of body weight per hour. At 
this rate a 70 kg. patient would receive 500 ml. in an 
eight-hour period. The administration rate should never 
exceed 2 ml. per kg. per hour. 

Whenever possible, 8.596 FreAmine Solution and its asso- 
ciated calorie solution should be administered through an 
indwelling intravenous catheter with the tip located in the 
vena cava or right atrium. 

ROUTE: Intravenous. 


CAUTION: Federal (U.S.A.) law prohibits dispensing 
without prescription. 
HOW SUPPLIED: 8.5% FreAmine Solution is supplied 
sterile and nonpyrogenic in 500 ml. intravenous infusion 
bottles. 
*Crystalline amino acid mixture, isolated and purified 
from edible soybean hydrolysate or synthesized. 


**Based on protein equivalent of 39 g. per 500 ml. of 8.5% 
FreAmine Solution. 
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In addition to suffering the pain of a fractured 
arm, this patient has experienced anxiety (he'll be 
out of work for several days, and he’s worried 
about the medical expenses); embarrassment (his 
wife warned him to hire a painter, and he insisted 
on doing it himself); frustration (he spilled a gal- 
lon of expensive paint all over his driveway); 
anger (he’s mad at himself for being so careless) ; 
and disappointment (he can't play golf with the 
boys tomorrow). No doubt these psychic factors 
actually increased his perception of pain. Surely 
the last thing he needs is an analgesic containing 
caffeine. The logical choice is Phenaphen with 
Codeine. It provides a quarter grain of phenobar- 
bital to take the nervous "edge" off, so the rest of 
the formula can control the pain more effectively. 
It's no accident that Phenaphen formulations con- 
tain a sedative rather than a stimulant. Don't you 
agree, Doctor, that psychic overlay is an important 


factor in most of the accident cases you see? 


Indications: Provides relief in severer grades of pain, on low codeine 
dosage, with minimal possibility of side effects. Its use frequently makes 
unnecessary the use of addicting narcotics. Contraindications: Hyper- 
sensitivity to any of the components. Precautions: As with all phenacetin- 
containing products, excessive or prolonged use should be avoided. Side 
Sc effects: Side effects are uncommon, although nausea, constipation and 

2 drowsiness may occur. Dosage: Phenaphen No. 2 and No. 3—1 or 2 cap- 
sules every 3 to 4 hours as needed; Phenaphen No. 4—1 capsule every 
3 to 4 hours as needed. For further details see product literature. 


Gi Phenaphen with Codeine is now classified in Schedule IIl, Con- 
trolled Substances Act of 1970. Available on prescription and may 
be refilled 5 times within 6 months, unless restricted by state law. 


A. H. Robins Company, Richmond, Va. AHROBINS 





Bal. zo e n 


Phenaphen with Codeine Nos. 2, 3, or 4 contains: Phenobarbital 
(4 gr.), 16.2 mg. (warning: may be habit forming); Aspirin (2⁄2 
gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Hyoscyamine sulfate, 
0.031 mg.; Codeine phosphate, ' gr. (No. 2), V» gr. (No. 3) or 1 gr. 
(No. 4) (warning: may be habit forming). 


í 1e CO E ound analgesic that calms instead of caffeinates 
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“There should be a law against 
four-hour procedures...and pati who are 
60 pounds overweight...but her signs 
are steady, so she should be all right? 


jin m 








Part of 
Your Worid 





before surgery 


calms rapidly; quickly readies patients for 
smooth induction of anesthesia 


gently allays anxiety to permit sound sleep 
the night before surgery 


physically compatible with most preanesthetic 
medications 


narcotic requirements are often reduced 
up to 50 per cent 


during surgery 


seldom impairs vital signs—respiratory 
depression and hypotension are rare 


not known to aggravate or 
obscure incipient shock 


does not cause CNS cortical depression 


after surgery 


effectively controls postoperative nausea 
and vomiting 


sedative hangover is not characteristic, atthough 
occasional drowsiness has been reported 


oral forms available for postoperative care, 
during recovery in hospital, and at home 
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Please turn page for Brief Summary including adverse 
reactions, contraindications and precautions. 





Vistaril - 


HYDROXYZINE HCI 


Intramuscular Solution 


the most widely used 








parenteral calming agent 


BRIEF SUMMARY 
Contraindications: Hypersensitivity to hydroxyzine. The 
solution for intramuscular use must not be injected sub- 
cutaneously, intra-arterially or intravenously. 
Hydroxyzine, when administered to the pregnant 
mouse, rat, and rabbit induced fetal abnormalities in 
the rat at doses substantially above the human thera- 
peutic range. Clinical data in human beings are in- 
adequate. Until adequate data are available to 
establish safety in early pregnancy, hydroxyzine is con- 
traindicated during this period. 
Precautions: HYDROXYZINE MAY POTENTIATE THE ACTION 
OF CENTRAL NERVOUS SYSTEM DEPRESSANTS SUCH AS 
NARCOTICS AND BARBITURATES. In conjunctive use, 
dosage for these drugs should be decreased as much 
as 50%. Because drowsiness may occur, patients should 
be cautioned against driving a car or operating dan- 
gerous machinery. The usual precautions for intramus- 
cular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has 
been used. Hydroxyzine intramuscular solution should 
be injected well within the body of a relatively large 
muscle. In adults, the preferred sites are the upper outer 
quadrant of the buttock (i.e., gluteus maximus), or the 
mid-lateral thigh. In children, preferably the mid-lateral 
muscle of the thigh. In infants and small children, the 
upper outer quadrant of the gluteal region should only 
be used when necessary, as in burn patients, in order 


to minimize the possibility of damage to the sciatic 
nerve. The deltoid area should be used only if well 
developed, such as in certain adults and older 
children, and only with caution to avoid radial nerve 
injury. injections should not be made in the lower and 
middie thirds of the upper arm. Aspiration is neces- 
sary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is 
usually transitory and may disappear in a few days of 
continued therapy or upon dosage reduction. Dryness 
of the mouth may occur with higher doses. Involuntary 
motor activity, including rare instances of tremor and 
convulsions, has been reported, usually with higher 
than recommended dosage. 
Supp!y: Vistaril (hydroxyzine pamoate) Capsules: 
Equivalent to 25 mg., 50 mg., 100 mg. hydroxyzine HCI. 
Vistaril (hydroxyzine pamoate) Oral Suspension: Equiv- 
alent to 25 mg. hydroxyzine HCI per 5 cc. teaspoonful. 
Vistaril (hydroxyzine HCl) Intramuscular Solution: 
25 mg./cc.—40 cc. vial; 50 mg./cc.—2 cc. and 10 cc. 
vial; Isoject? 25 and 50 mg. per cc., 1 cc. per unit; 100 
mg./2 cc. unit. 
More detailed 
request. 
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rofessional information available on 
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for your injured 
patient... 


Tablets 
5 [IVO with 
| 100 mg. propoxyphene napsylate and 325 mg. aspirin 


= A 


Darvon-N™ with A.S.A.’ each tablet contains 100 mg. propoxyphene napsylate and 325 mg 
Darvon-N ” Each tablet ntains 100 ma. propoxyphent 


Indication: For the relief of mild to Drug Dependence—Tolerance large dose: alicylate 

moderate pain. psychological dependence, and decrease Insulin requiremi 

Contraindications: Hypersensitivity physical dependence have been re- Adverse Reactions: Dizzi! 

to propoxyphene and, in the combi- ported: the abuse liability of pro- headache. lation. somnol 

nation product, to aspirin poxyphene is qualitatively similar tc paradoxical excitement, II nnia 
This agent s 

children, sin 1 t 

tablish safe conditions of use are support morphine dependence vomiting. abdominal pain 











(A 


should not be used in that of codeine although quantita- skin rashes, and gastro-inl 


) wae L II | 
lacking Precautions: Patients who have re- stipation) may occur witl 


Warnings: Propoxyphene napsylate ved narcotic drugs for long peri- mended doses of propoxy! 
may impair the mental and/or physi- ods of time may have developed Euphoria may occa 

cal abilities required for the per- ohysical dependence, and the sud- Salicylates present 
formance of potentially hazardous den substitution of ordinary doses nation product may indi 
tasks, such as driving a car or oper- of propoxyphene napsylate mav re- sensitivity, urate kidn: 








ating machinery, especially during sult in an acute withdrawal syn- chronic aa 
the first few days of therapy There- drome. These symptoms may be tinnitus. nausea, and vomiting 
fore, the patient should be cautioned avoided by gradually reducing the 616 
accordingly. dose of the prior medication as pro- 
Salicylates should be used with poxyphene napsylate is substituted 





caution in the presence of peptic ^ for pain relief. Additional information a: 

ulcer Salicylates pr t in Darvon-N o the prof n rea 
Use in Pregnancy— TI fety of with A.S.A. may enhance the effect | 

the use of this agent during preg- of anticoagulants and inhibit the Eli Lilly and Company 





nancv has not been established. uricosuric effect of probenecid. Ir Indianapolis, Indiana 46206 
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Hemorrhoids 


Mrs. S.R., 47, high school English teacher. A history of 
anorectal pain and burning of several years' duration. On 
and off weight reducing diets, the insufficient bulk of which 
has aggravated a chronic constipation problem. 
subsequent straining at stool has precipitated an acute 


episode of internal-external hemorrhoids. 





Each suppository contains hydrocortisone 
acetate 10 mg, bismuth subgallate 2.25%, 
bismuth resorcin compound 1.75%, benzyl 
benzoate 1.2%, Peruvian balsam 1.8%, zinc 
oxide 11.0%, and boric acid 5.0%, plus the 
following inactive ingredients: bismuth 
subiodide, calcium phosphate, and color- 
ing in a bland hydrogenated vegetable 
oil base. 

Precaution Prolonged or excessive use of 


Anusol-HC might produce systemic cortico- 


steroid effects. Symptomatic relief should 
not delay definitive diagnosis or treatment. 
Dosage and Administration Anusol-HC: 
One suppository in the morning and one at 
bedtime for 3 to 6 days or until the inflam- 
mation subsides. Regular Anusol: One 


suppository in the morning, one at bedtime, 


and one immediately following each 
evacuation. 


‚atypical 


proctological 
patient 


to help relieve the pain, 
itching, burning 
associated with this 
and similar anorectal 
conditions 


prescribe 


nusol- 


hemorrhoidal 
suppositories 
with hydrocortisone 


acetate 


And for long-term 
patient comfort...recommend 


Anusol' hemorrhoidal 
suppositories. 

Each suppository contains 
ihe ingredients of 
Anusol-HC without the 
hydrocortisone. 


Warner-Chilcott 


Division, Warner-Lambert Company 
Morris Plains, New Jersey 07950 
ANGP-23 Rev. 





Description: Keflin® (sodium cepha- 
othin, Lilly) is a semisynthetic cepha- 
osporin antibiotic for parenteral use. 
t is the sodium salt of 7-(thiophene- 
2-acetamido) cephalosporanic acid. 
[he sodium content is 55 mg. per Gm. 
of cephalothin. 

Actions: The bactericidal action of 
cephalothin results from inhibition of 
cell-wall synthesis. In-vitro and in-vivo 
activity has been demonstrated 
against strains of the following micro- 
organisms: 

Staphylococcus aureus (penicillin- 
sensitive and penicillinase-pro- 
ducing) 

Beta-hemolytic and other strepto- 
cocci (many strains of entero- 
cocci, e.g., Streptococcus fae- 
calis, are relatively resistant) 

Pneumococci 

Clostridia 

Hemophilus influenzae 

Neisseria gonorrhoeae 

Escherichia coli and other coliform 
bacteria 

Klebsiella-Aerobacter sp. 

Proteus 

Salmonella sp. 

Shigella sp. 

Indications: Keflin is indicated in the 
treatment of serious infections of the 
respiratory tract, genito-urinary tract, 
soft tissue and skin, gastro-intestinal 
tract, bones and joints, bloodstream, 
and cardiovascular system due to sus- 
ceptible organisms. Also, it has been 
effective in cases of peritonitis, septic 
abortion, and staphylococcus and 
pneumococcus meningitis. Effective- 
ness has not been established in other 
types of meningeal infection. 
Appropriate culture and susceptibility 
studies should be performed to deter- 
mine susceptibility of the causative 
organism to Keflin. 

Contraindication: Keflin is contraindi- 
cated in persons who have shown hy- 
persensitivity to cephalosporin anti- 
biotics. 

Warnings: IN PENICILLIN-SENSITIVE PA- 
TIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION. 
THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY 
OF THE PENICILLINS AND THE CEPHALO- 
SPORINS. INSTANCES OF PATIENTS WHO 
HAVE HAD SEVERE REACTIONS TO BOTH 
DRUGS, INCLUDING DEATH FROM ANA- 
PHYLAXIS, HAVE BEEN REPORTED. 

Any patient who has demonstrated 
some form of allergy, particularly to 
drugs, should receive antibiotics cau- 
tiously and then only when absolutely 
necessary. No exception should be 
made with regard to Keflin. 

Usage in Pregnancy—Safety of this 
product for use during pregnancy has 
not been established. 


Precautions: Patients should be fol- 
lowed carefully so that any side- 
effects or unusual manifestations of 
drug idiosyncrasy may be detected. If 
an allergic reaction to Keflin® (sodium 
cephalothin, Lilly) occurs, the drug 
should be discontinued and the pa- 
tient treated with the usual agents 
(e.g., epinephrine, antihistamines, 
pressor amines, or corticosteroids). 
When Keflin is administered to pa- 
tients with transient or persistent re- 
duction of urinary output due to im- 
paired renal function, the total daily 
dose should be reduced. Careful clini- 
cal observation and laboratory studies 
should be made, because higher and 
more prolonged systemic antibiotic 
concentrations can occur (see Admin- 
istration and Dosage below). 

When intravenous doses of cephalo- 
thin larger than 6 Gm. daily are given 
by infusion for periods longer than 
three days, they may be associated 
with thrombophlebitis, and the veins 
may have to be alternated. The addi- 
tion of 10 to 25 mg. of hydrocortisone 
to intravenous solutions containing 4 
to 6 Gm. of cephalothin may reduce 
the incidence of thrombophlebitis. 
Theuse of small IV. needles in thelarg- 
eravailable veins may bepreferred. 
Prolonged use of Keflin may result in 
the overgrowth of nonsusceptible or- 
ganisms. Constant observation of the 
patient is essential. If superinfection 
occurs during therapy, appropriate 
measures should be taken. 

A false-positive reaction for glucose in 
the urine may occur with Benedict's 
or Fehling's solution or with Clinitest* 
tablets but not with Tes-Tape® (urine 
sugar analysis paper, Lilly). 

Adverse Reactions: Hypersensitivity— 
Maculopapular rash, urticaria, reac- 
tions resembling serum sickness, and 
anaphylaxis have been reported. 
Eosinophilia and drug fever have been 
reported as associated with other al- 
lergic reactions. These reactions are 
most likely to occur in patients with a 
history of allergy, particularly to 
penicillin. 

Blood—Neutropenia and hemolytic 
anemia have been reported. Some in- 
dividuals, particularly those with azo- 





temia, have developed positive direct 
Coombs tests during cephalothin 
therapy. 

Liver—Transient rise in SGOT has 
been reported. 

Kidney—Rise in BUN has been ob- 
served; however, some patients with 
elevated BUN at the beginning of 
cephalothin therapy have had values 
return to normal during therapy. 
Local Reactions— Pain, induration, 
tenderness, and elevation of tempera- 
ture have been reported following re- 
peated intramuscular injections. 
Thrombophlebitis has occurred and is 
usually associated with daily doses of 
over 6 Gm. given by infusion for more 
than three days. 

Administration and Dosage: /n adults, 
the usual dosage range is 500 mg. 
to 1 Gm. of cephalothin every four to 
six hours. A dosage of 500 mg. every 
six hours is adequate in uncompli- 
cated pneumonia, furunculosis with 
cellulitis, and most urinary tract in- 
fections. In severe infections, this may 
be increased by giving the injections 
every four hours or, when the desired 
response is not obtained, by raising 
the dose to 1 Gm. In life-threatening 
infections, doses up to 2 Gm. every 
four hours may be required. 

In infants and children, the dosage 
should be proportionately less in ac- 
cordance with age, weight, and sever- 
ity of infection. Daily administration 
of 50 mg. per Kg. (40 to 80 mg. per 
Kg. or 20 to 40 mg. per pound) in di- 
vided doses has been found effective 
for most infections susceptible to 
Keflin. 

For additional information regarding 
dosage and administration, see pack- 
age literature. 

How Supplied: Ampoules Keflin® (Ster- 
ile Sodium Cephalothin, U.S.P.), 
equivalent to 1 Gm. cephalothin, 10- 
ml. size, rubber-stoppered; equivalent 
to 2 Gm. cephalothin, 100-ml. size, 
rubber-stoppered; equivalent to 4 Gm. 
cephalothin, 50-ml. size, rubber- 
stoppered. 
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A time for 


Keflin LV. 
sodium cephalothin 


Additional information available to the 


profession on request. 


Eli Lilly and Company 
101544 





Indianapolis, Indiana. 
46206 
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The Short Bowel Syndrome 


J. Hanor» Conn, M.D., F.A.C.S., Cantos M. Cuavez, M.D., F.A.CS., 
WM. R. Fam, M.D., F.A.CSS. 


— From the Departments of Surgery, University of Mississippi Medical Center, 
and Veterans Administration Center, Jackson, Mississippi 


THE SHORT BOWEL SYNDROME is charac- 
terized by intractable diarrhea with im- 
paired absorption of fats, vitamins, and 
other nutrients, ultimately leading to mal- 
nutrition,. anemia, and continued weight 
loss. This condition may occur following 
removal of a long segment of small intestine 
for any reason but most commonly for in- 
farction, regional enteritis, malignant neo- 
plasia, and trauma. A functional short 
bowel syndrome may be produced by loss 
of absorbing surface from misplaced short- 
circuiting procedures for obesity. There is 
probably considerable variation in length 
necessary for normal alimentation. Clini- 
cally and experimentally, 30% or less of 
the small intestine,?^ °° especially with loss 
of the terminal ileum and the ileocecal 
valve, will result in severe nutritional im- 
pairment. 

Recent advances in intestinal physiology, 
particularly basic knowledge of specific 
mechanisms of absorption and transport, 
have increased our ability to cope with this 


Presented at the Southern Surgical Association 
Meeting held at Hot Springs, Virginia, December 
6-8, 1971. 
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syndrome.'^ 15: 45, 48 Understanding of in- 
trinsic, adaptive processes occurring after 
massive resection permit better long-term 
prognostication of the consequences of vari- 
ous levels of resection, although the length 
and part of the bowel resected may not be 
determined by the surgeon but rather by 
the extent of the disease. process. 

The development of effective intravenous 
hyperalimentation by Dudrick has revolu- 
tionized the treatment of the short bowel 
syndrome, maintaining nutrition until the 
remaining bowel can adapt itself to oral 
feeding. The newer elemental diets, utiliz- 
ing medium-chain triglycerides, help de- 
crease motility and increase nutritive ab- 
sorption throughout the adaptation pe- 
riod.!?: 44, 49 

Elective short-circuiting procedures, or 
metabolic intestinal surgery, as Wright and 
Tilson ** so aptly label them, may become 
the most common cause of the short bowel 
syndrome. Reversible bypass operations for 
exogenous obesity and hypercholesterol- 
emia seem to be effective but certainly re- 
quire a thorough knowledge of intestinal 
physiology so that the hoped for results 
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will not be obviated by extremely undesir- 
able side effects. 


Present Study 


Although 70- to 80% intestinal resection 
is not common, it occurs frequently enough 
so that the general surgeon should be fa- 
miliar with the operative and postoperative 
management of these patients. Four cases 
admitted to the Jackson V. A. Center have 
been selected for study because they pre- 
sent most of the problems encountered in 
the management of the short bowel syn- 
drome. All have extremely short jejunal 
segments, but only the first case has com- 
plete loss of the terminal ileum and ileo- 
cecal valve. Retention of these two struc- 
tures makes a tremendous difference in both 
early and late adaptation. 


Case Reports 


Case 1. F. S. M., a 63-year-old man, was ad- 
mitted with atrial fibrillation and congestive heart 
failure. He was treated with digitalis, quinidine, 
and diuretics. Rate slowed to 100 but did not con- 
vert to normal sinus rhythm until 11 days follow- 
ing admission. At this time he developed what was 
thought to be quinidine toxicity with nausea and 
vomiting. Three days later he suddenly complained 
of severe abdominal pain with temperature of 102° 
F., WBC, 25,000, Bun, 25, and hematocrit, 44%. 
Physical examination revealed the patient to be in 
shock, blood pressure, 80/60, cold sweaty, and 
cyanotic, with diffuse abdominal tenderness. After 
surgical consultation a diagnosis of superior mes- 
enteric artery thrombosis with intestinal infarction 
was made. 

At operation he was found to have gangrene 
of the intestine extending from 24 inches distal to 
the ligament of Treitz to the mid-transverse colon. 
Gangrenous bowel was resected with an end-to- 
end jejuno-transverse colostomy. Operation was 
uneventful, but immediately postoperatively he 
developed cardiac arrhythmia which was con- 
trolled with procaine and quinidine. The nasogas- 
tric tube was removed within 48 hours, and he 
received hyperalimentation, 2,400 calories daily. 
Fluid and electrolytes were replaced, balanced 
with output plus maintenance. Stools gradually in- 
creased to five on the fourth postoperative day; 
the sixth day he had six bloody bowel movements. 
Although blood was found in the stomach at gas- 
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troscopy, a bleeding point was not visualized. A 
GI series revealed an extremely rapid, 10-minute, 
stomach to colon transit time. He was treated with 
antacids, anticholinergics, and topical thrombin in- 
troduced through the gastric tube. Blood was re- 
placed >y transfusions without significant change 
in vital signs. Active bleeding ceased within 24 
hours. Intravenous hyperalimentation was con- 
tinued. 

Gastric analysis just prior to bleeding was 15 
mEq. per hour; glucose, 218; albumin, 2.4; total 
protein, 5.4 Bun, 14; LDH, 150. Hypermotility 
was pactially controlled with paregoric, Kaopec- 
tate, and Lomotil. Stool output averaged 2,500 ml. 
daily. On the 12th postoperative day the patient 
was given oral isotonic electrolyte solution. After 
bowel movements increased in number and vol- 
ume the oral fluids were discontinued. Serum os- 
molality was 285 and urine osmolality, 813; fecal 
pH was 6. Because of “acidic diarrhea” he de- 
veloped areas of inflammation on the buttocks and 
perianal area. This was controlled by Karaya 
powder. strict cleanliness, and dry heat to the 
affected areas. : 

On postoperative day 16, bowel movements 
were down to eight with 2,000 ml. in stools. The 
patient was again started on oral isotonic electro- 
lyte solution without a significant increase in vol- 
ume or number of stools. Consequently, on the 
18th pcstoperative day, he was started on a dilute 
elemental diet containing carbohydrates, amino 
acids, and fat in the form of medium-chain tri- 
glycerides. This was sipped slowly over a 30-min- 
ute period every 2 hours while awake. Amount 
and concentration. of the elemental diet were 
gradually increased to 1,200 calories with bowel 
movements ranging from four to 10 per day with 
stcols averaging 2,000 milliliters. Weight gradually 
decreased to 155 pounds at the 25th postoperative 
day. On this day he was started on a 50-Gm. fat, 
85-Gm. protein, and 290-Gm. carbohydrate diet. 
Although he was fed often in small amounts, stools 
increased in volume and number and the diet was 
discontinued. It was restarted on the 30th day 
without incident, and by the 35th postoperative 
day, the patient was receiving 4,800 calories, half 
by intravenous hyperalimentation. Hyperalimenta- 
tion was discontinued on the 38th postoperative 
day, aad the patient was alimented completely 
orally. On the 53rd postoperative day he was dis- 
charged weighing 155 pounds, an 8-pound loss 
over the preoperative weight, having six bowel 
movements daily, still on a 50-Gm. fat diet sup- 
plemented by an elemental diet. There was no fat 
in the stools, fecal pH. was 8. 

He has been seen periodically for follow-up 
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examinations; last time was November 24, 1971, 
at which time he was 8 months following intestinal 
resection. Weight was 150 pounds, which is about 
10% less than ideal weight. He was eating a low 
fat, high carbohydrate, high protein diet in six 
divided meals. He continues to have two to five 
bowel movements a day which are formed. Tri- 
olein absorption is 10% at 2 hours, 13% at 4 
hours, 14% at 6 hours, and 12% at 8 hours, com- 
pletely normal, no fat in the stools. Vitamin B-12 
level is 400 pg./ml.; D-xylose absorption test re- 
vealed 5.5 Gm. in 5 hours; hematocrit, 41%; he- 
moglobin, 13.9 Gm.; blood indices, MV, 93 cubic 
microns; MCH, 31.6 ug; MCHC, 33.8%; WBC, 
7,400 with normal differential; total protein, 7.3; 
albumin, 4.7; LDH, 85; SGOT, 27; alkaline phos- 
phatase, 13; bilirubin, 0.4; prothrombin time, 
88%; serum iron, 96.7 ug./100 ml; iron binding 
capacity, 282 4g./100 ml. A liver biopsy revealed 
mild central fatty change and focal portal triaditis. 

Case 2. W. B., a 50-year-old man, was ad- 
mitted with a 6-hour history of sudden onset of 
low midline, cramping abdominal pain unrelieved 
by narcotics. Physical examination revealed an 
acutely ill man with diffuse abdominal tenderness 
and rigidity with absent bcwel sounds. Tempera- 
ture was 98.6° F.; WBC, 25,100 with a shift to 
the left; hemoglobin, 14.7 Gm.; hematocrit, 44%. 
Urinalysis revealed 4 plus sugar and acetone. The 
abdominal x-rays were compatible with small 
bowel mechanical obstruction with a large dilated 
loop of small bowel in the right lower quadrant. 

At laparotomy the patient was found to have 
small bowel obstruction secondary to an internal 
hernia. Most of the small bowel and the sigmoid 
colon were herniated under an adhesion. It was 
necessary to decompress the sigmoid before the 
small bowel could be reduced. The small bowel 
was completely gangrenous from approximately 4 
feet from the ligament of Treitz distally to within 
4 inches of the ileocecal valve. This portion of 
bowel was resected with an end-to-end anasto- 
mosis. Polyethylene catheters were inserted into 
the peritoneal cavity for the instillation of kana- 
mycin. 

He ran a low grade fever postoperatively for 
5 days. He was maintained on IV hyperalimenta- 
tion and started on a liquid diet on the 10th post- 
operative day which was progressed to a 50-Gm. 
fat, 85-Gm. protein, and 290-Gm. carbohydrate 
diet on the 18th postoperative day. Initially the 
patient was having eight to 15 liquid stools per 
day, but this gradually decreased to two to three 
stocls per day at the time of discharge. The first 
4 days postoperatively the patient required small 
amounts of regular insulin to control his diabetes. 
After recovery the blood glucose remained normal 


with ro further glycosuria. The glucose tolerance 
test 2 weeks following operation was flattened, in- 
dicating poor carbohydrate absorption. The pa- 
tient was discharged on the 25th postoperative 
day, doing well; he had lost 16 pounds from pre- 
operative weight. 

He returned 3 months later with increased 
diarrhea, up to eight to ten bowel movements per 
day. Àn upper GI series at this time revealed the 
transit time from stomach to ascending colon was 
15 minutes. The small bowel pattern presented a 
normal appearance, however. The Shilling test re- 
vealed 24-hour urinary excretion of 1.896 of the 
ingested dose, which was in the pernicious anemia 
range. Repeat Shilling test with intrinsic factor re- 
vealed a total excretion of 2.196 of ingested dose. 
Triolein absorption studies revealed circulating 
blood levels of ™I labeled fat to be 8.3% in 2 
hours, 12.4% in 4 hours, and 10.7% in 6 hours, 
which are completely normal values, demonstrat- 
ing no defect in digestion and absorption of la- 
beled fat. The D-xylose absorption test results 
were 5.2 Gm. for 5 hours, which is normal. Serum 
protein was 7.6; albumin, 5.1, which of course 
shows an adequate absorption of amino acids. 
Hematocrit was 43%; hemoglobin, 13.3 Gm, 
MCH, 34 pag; MCV, 90 cubic microns, and 
MCHC, 33%. His magnesium was 1.9 mEq. per 
liter, total serum iron was 296 gg./100 ml; cal- 
cium, 10.6; phosphorus, 4.5; electrolytes were all 
normal. The glucose tolerance curve was, fasting, 
61; half hour, 108; 1 hour, 109; 2 hours, 65; and 
3 hours, 64, with all urines negative. The 2-hour 
blood sugar was normal, and gastric analysis, 1- 
hour basal, was 4.69 mEq.; 2-hour basal was 0 
mEq.; l-hour post-histalog was 15 mEq.; 2-hour 
post-histalog was 28.6 mEq. 

On this admission the patient was treated with 
antacids, Lomotil, probanthine, and vitamin B-12 
parenterally. Diarrhea was reduced to three to 
four stool per day. The patient maintained his 
weight at 135 pounds. One year following small 
bowel resection, he was working regularly, doing 
well, when he had an acute myocardial infarction 
and was dead on arrival at the local hospital. 

- Case 3. J. P., a 65-year-old man, was admitted 
to the hospital complaining of severe abdominal 
pain which had begun 18 hours previously, awak- 
ening him from sleep. Shortly after the abdominal 
pain started there was an episode of nausea and. 
vomiting. The pain was constant and not cramp- 
ing. He was seen by his local physician several 
times during the day and was given three par- 
enterzl injections of narcotie without relief. Physi- 
cal examination revealed a well-developed, well- 
nourished man in acute distress from abdominal 
pain. There was exquisite diffuse abdominal ten- 
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derness with muscle guarding and rigidity. Bowel 
sounds were hypoactive. Initial hemogram re- 
vealed a white count of 18,700; 96% neutrophils; 
hemoglobin was 91%; normal electrolytes. X-ray 
of the abdomen in supine and erect positions 
showed moderate distention of the small bowel 
loops throughout the abdomen in a ladder forma- 
tion with multiple fluid levels in the erect position. 

The patient had immediate abdominal explora- 
tion at which time a congenital opening in the 
mesenteric leaf of the distal ileum was found 
through which most of the small bowel had passed 
and rotated upon its axis, resulting in a midgut 
volvulus through an internal hernial opening. All 
infarcted bowel was resected leaving approxi- 
mately 4 feet of jejunum distal to the ligament of 
Treitz and 2 inches of ileum from the ileocecal 
valve. Jejuno-ileal end-to-end anastomosis was per- 
formed without incident. The patient was given 
antibiotics postoperatively for low grade fever. He 
was maintained on IV hyperalimentation and given 
a liquid diet on the 10th postoperative day which 
was rapidly progressed up to a 50-Gm. low fat 
diet. Initially, bowel movements were six to ten 
per day, but this gradually decreased until at time 
of discharge he was having only three to four 
bowel movements per day, which were partially 
formed. 

The patient was seen at periodic intervals fol- 
lowing discharge. Bowel movements continued at 
one to three per day, formed stools, with no special 
dietary restrictions. At 6 weeks Triolein absorption 
studies were 9.6% in 2 hours; 12% in 4 hours; 
10.496 in 8 hours; no fat in stools; vitamin B-12 
level, 460 pg./ml.; hematocrit, 40%; hemoglobin, 
15.5 Gm; MCV, 92 cubic microns; MCH, 32 ag.; 
MCHC, 33%. He was readmitted to the hospital 
6 months following discharge for CVA. He re- 
covered with a residual left hemiplegia. He was 
again hospitalized approximately 1 year following 
intestinal resection for cardiac failure and lobar 
pneumonia. His condition worsened despite treat- 
ment with antibiotics, digitalis, diuretics, and he 
died. Postmortem examination revealed the remain- 
ing small bowel to be dilated with increase in the 
mucosal thickness, probably due to adaptation. The 
liver weighed 1,425 Gm. (On microscopic examina- 
tion the sinusoidal spaces were widely dilated and 
contained tissue debris and chronic inflammatory 
cells. Portal triads showed mild increase in con- 
nective tíssue, wide dilatation of the portal vein 
radicals and arterioles with pronounced sclerotic 
changes.) No fatty infiltration. 

Case 4. W. J., a 52-year-old man, was trans- 
ferred from an outlying hospital. He gave a history 
of cramping abdominal pain starting 8 days prior 
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to admission. The pain gradually became more se- 
vere despite treatment. He. was admitted to the 
Brookhaven hospital where he was treated with 
nasogastric suction and fluids until he was trans- 
ferred, Last bowel movement was 2 days prior to 
admission. Physical examination revealed a well- 
developed. obese man who appeared acutely ill. 
There was direct tenderness in the right lower 
abdominal quadrant with rebound tenderness from 
all quadrants referred to the right lower quadrant. 
There were no palpable masses. Bowel sounds were 
hypoactive. Supine and erect films of the abdomen 
failed to -eveal any abnormality in the distribu- 
tional tract. WBC on admission was 19,600; hema- 
tocrit was 41%; hemoglobin, 13.5 Gm.; electrolytes 
were normal. 

On the night of admission the patient spiked 
a temperature of 102? F., white count rose to 
30,100, amylase was reported as 47. His condition 
became progressively worse, and he was operated 
upon. He was found to have an extensive mesen- 
teric vein thrombosis with gangrene of the in- 
volved bowel. Approximately 2145 feet of viable 
small bowel remained; 2 feet of jejunum extending 
from the ligament of Treitz and about 6 inches of 
ileum. The patient had a jejuno-ileostomy and did 
well immediately postoperatively except for fever. 
This was treated with antibiotic agents and in- 
stillation of kanamycin into the peritoneal cavity. 
The nasogastric tube was removed on the sixth 
postoperatve day and the following day he was 
started on a liquid diet. The patient initially had 
five to six liquid stools daily, but he tolerated the 
full liquid diet without any change in number of 
stools which gradually decreased two to three per 
day. 

Three weeks postoperatively an ™I labeled 
Triolein absorption study revealed peak blood 
levels of 1.696 at 2 hours, 6.9% at 4 hours, 9.5% 
at 6 hours, and 7.496 at 8 hours. This is in the low 
range indicating a mild defect in fat absorption. 
D-xylose absorption studies revealed 6.6 Gm. for 
5 hours. Tae ™I oleic acid revealed, 2 hours, 11.5; 
4 hours, 12.5; and 6 hours, 6.6. The stool was ex- 
amined for fat and was reported as 2 plus positive. 
Hematocrit was 3496 with hemoglobin, 10.7 Gm.; 
MCV, 85 cubic microns; MCH was 27.5 ug., and 
the MCHC was 32.5%. This patient returned to 
his usual occupation in 3 months and continues 
to do wel with one to three bowel movements 
per day on a regular diet. Weight is maintained 
at 160 pounds, which is 15 pounds below pre- 
operative weight. Studies performed 5 years post- 
operatively show no deficiency in fat, carbohydrate, 
or protein absorption with normal hematocrit, 
hemoglobin, and blood indices. 
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Discussion 


A common cause of massive intestinal re- 
section in the elderly is superior mesenteric 
vascular occlusion with resultant extensive 
infarction. Fortunately, because of collat- 
eralization or overlapping blood supply, 
varying lengths of the proximal jejunum 
may usually be saved which can adapt suf- 
ficiently to maintain life. It is extremely 
important to preserve every viable centi- 
meter because the length of this segment 
is crucial to effective nutrition. If there is 
any question of viabilitv, the vascularity can 
be checked by injection of fluorescein into 
the main or auxiliary supply arteries. Stran- 
gulation obstruction from hernia or adhe- 
sive bands and midgut volvulus can occur 
in any age group and require resection for 
gangrene. These latter entities may require 
extensive bowel resection, but it is usually 
possible to preserve the ileocecal valve. Re- 
tention of this structure, usually with a 


short segment of ileum, greatly enhances 


the patient’s chances for survival. Intract- 
able regional enteritis, requiring multiple 
resections for complications, may result in 
the short bowel syndrome. This condition is 
‘particularly difficult to manage because of 
residual disease in the remaining bowel 

which interferes with intestinal adaptation. 


Pathophysiology of the Short 
Gut Syndrome 


All fluids and nutrients used by the body 
are normally absorbed through the intes- 
tine. Digestion and absorption are interde- 
pendent and can break down with even 
minor changes in either, brought about by 
disease processes or operation. Water and 
certain water soluble, low molecular weight 
substances are absorbed by simple passive 
diffusion and can be absorbed along the 
entire intestinal tract. However, most meta- 
bolic material, including electrolytes and 
simple sugars, require active transport 
across the intestinal epithelium. These sub- 


TABLE 1. Etiology of Infarction, Residual Bowel, 
and Type of Anastomosis in Study Cases 


Jejunum [eum 
Re- Re- 

main. main. Anastomosis 

Sup. mesenteric 24" 0 Jejuno-colostomy 


art. occlusion 
Internal hernia 48" 4! 
Midgut volvulus — 32^" 2" 


Sup. mesenteric 24” 6” 
thrombosis 


Jejuno-ileostomy 
Jejuno-ileostomy 
Jejuno-ileos tomy 


stances may be transported against concen- 
tration gradients. This system has limits in- 
dependent of solute concentration in the 
lumen and can become saturated at high 
concentrations. Normally, if proximal sites 
become: saturated the substance simply 
moves distally to the next available trans- 
port system. When only a short segment of 
intestine is left, the availability of transport 
systems is severely limited and substances 
may not be absorbed no matter how highly 
concentrated and will be excreted. Gen- 
erally, complex carbohydrates, proteins, and 
fats are digested to their basic components 
and absorbed as they proceed down the 
bowel. In the short bowel syndrome, largely 
due to the secondary effects of loss of active 
transport systems and increased motility, 
hydrolysis of basic foods simply does not 
proceed rapidly enough for absorption in 
the limited space available. Active localized 
transport systems have been identified for 
calcium, cholesterol, bile salts, and vita- 
min B-12.?* Other nutrients probably have 
preferential sites of absorption especially 
equipped with specific enzymes necessary 
for their particular solute transport. With 
the possible exception of cholesterol, vita- 
min B-12, and bile salts, which seem to be 
only actively absorbed from the terminal 
ileum, the rest of the small intestine can 
adapt to the absorption of electrolytes, vita- 
mins, and nutrients. For this reason, ileal 
resection is tolerated Jess well than jejunal 
in spite of the fact that most food absorp- 
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tion occurs in the jejunum.® Steatorrhea 
from poor fat absorption occurs early fol- 
lowing removal of the terminal ileum be- 
cause this is the selective area for bile salt 
absorption which is necessary to maintain 
a recirculating bile salt pool for fat solu- 
bilization.*:# Unabsorbed long-chain fatty 
acids and bile salts are irritating to colonic 
mucosa and may produce diarrhea on this 
basis alone.?? Pernicious anemia, because of 
the loss of the solute transport system for 
vitamin B-12 in the terminal ileum, will 
occur unless parenterally supplemented. 
Unfortunately, proteins, carbohydrates, and 
electrolytes cannot be simply absorbed but 
require active transport systems, otherwise 
the care of the short bowel patient would 
be a relatively simple matter. Simple diffu- 
sion of medium-chain triglycerides appar- 
ently does occur, and these have been 
utilized recently to help maintain nutrition. 
Most vitamins and drugs can also be ab- 
sorbed in this manner. 

Secondary effects of the short bowel syn- 
drome include gastric hypersecretion, in- 
creased intestinal motility, and bacterial 
overgrowth. Gastric hypersecretion may be 
an extremely difficult problem not only be- 
cause of the "acidic diarrhea," but it may 
also lead to gastroduodenal ulceration and 
its complications,® ?% 3% 39 Acid hypersecre- 
tion appears to be proportional to the ex- 
tent of bowel resection. The smaller the 
residual segment the greater the hypersecre- 
tion, It inactivates lipase and trypsin result- 
ing in maldigestion of fat and proteins and 
decrease in fecal pH with resultant excoria- 
tion of the anus and perianal tissues. It has 
been postulated by Westerheide * that the 
jejunal remnant elaborates a potent acid 
secretogogue,** but the most plausible the- 
ory at present is that the small bowel se- 
cretes a hormone, possibly enterogastrone, 
which inhibits gastric acid production.? 35 
Massive small bowel resection may reduce 
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this inhibition thereby permitting hyper- 
secretion ‘with solute diarrhea, simulating 
the Zollinger-Ellison syndrome.*® 

Initially, motility is increased although 
the mechenism is not entirely clear. In- 
vestigators speak of the gastro-colic reflex 
which occurs with the ingestion of food and 
causes an immediate propagation of the 
material through the shortened tract. This 
may be primarily neurogenic or simply due 
to intestinal irritation. Patients with re- 
tained ileocecal valve seem to have less 
problems with increased motility than those 
in which it has been removed.’ Bacterial 
overgrowth commonly occurs in areas of 
stagnation as strictures, fistulas, or blind 
loops either occurring as complications of 
the disease process or iatrogenic (reversed 
segments and recirculating loops). Removal 
of the ileocecal valve as part of the resec- 
tion may result in reflux of large bowel con- 
tent and bacterial colonization of the small 
intestine. This may cause deconjugation of 
bile salts with decreased fat absorption. 
Bacterial metabolism of vitamin B-12 may 
also result in pernicious anemia.” It is a 
well known fact that if patients survive long 
enough following massive intestinal resec- 
tion, their remaining. bowel will adapt to 
some compensatory level. Depending on 
the length of the retained segment this level 
may closely approximate normal nutrition 
or be extremely disabling. 

Adaptation apparently results from villus 
hypertrophy. Flint, in 1912, calculated 
that a doubling of villus length would re- 
sult in a fourfold increase in absorptive sur- 
face so that, theoretically, the remaining 
segment could compensate for a 75% bowel 
resection. This, of course, is not entirely 
possible because certain localized transport 
processes such as those located in the ter- 
minal ileum probably cannot be replaced 
by adaptation and will require substitution 
therapy following resection. 
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Fic. 1. Extent of bowel 
resection and jejuno-co- 
lostomy in Case 1 
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Treatment 


Treatment of the short bowel syndrome 
begins with the initial operation. In massive 
intestinal resection each centimeter of re- 
tained segment is important for the life and 
well being of the patient. The intestine 
should be examined repeatedly before the 
level of resection is finally determined. A 
few centimeters of jejunum can almost al- 
ways be salvaged because of overlapping 
blood supply. The terminal ileum and ileo- 
cecal valve should be preserved if at all 
possible, and care should be taken to retain 
the water and electrolyte absorbing capac- 
ity of the right colon if onlv resection of 
the terminal ileum is necessary.’ Although 
vagotomy and pyloroplesty might seem in- 
dicated initially in order to circumvent the 
possibility of second gastric hypersecretion, 


it is probably better to treat this complica- - 


tion medically if possible in order to pre- 
serve the pyloric sphincter. This permits 
dilution of hypertonic foods to isotonicity 
by the addition of gastric secretions before 





A a 





passage into the intestinal remnant. Also 
vagctomy itself may enhance diarrhea the 
first few weeks postoperatively.” '* Addi- 
tionally elective procedures such as reversed 
intestinal segments * and recirculating loops 
should not be done initially as this further 
confuses an already complex problem, The 
value of the reversed segment is question- 
able at any time,?* 38 42,43 and if there is 
enough small bowel to form a recirculating 
loop, the patient will eventually do well 
without one.?” 1% 28. 30 


Management by Postoperative Stages 


Most authors writing on this subject di- 
vide treatment of the short bowel syndrome 
into three stages.?^ ** Duration of each stage 
depends on the location and length of the 
intestinal remnant and rapidity of adapta- ` 
tion. Complications such as infection, stric- 
ture, fistula, obstruction, and hemorrhage 
can markedly increase time in any one stage 
and prolong eventual recovery. 
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Fic. 2. Postoperative 
course of Case 1. 
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Stage I. Intravenous Stage 


Immediate treatment following massive 
intestinal resection is very similar to that 
following any major operation. Careful ob- 
servation for infection, pulmonary and uri- 
nary complications, and cardiovascular 
problems, because many of these patients 
are elderly with pre-existing cardiac dis- 
ease. Fluid and electrolyte replacement, es- 
pecially sodium and potassium, must be 
carefully balanced with output and main- 
tenance requirements, particularly when 
diarrhea exceeds 2 or more liters daily. Al- 
though calcium, magnesium, and phosphate 
are usually not depleted initially, levels 
should be monitored and deficiencies cor- 
rected if necessary. The urge to start oral 
feedings early should be repressed as it will 
only increase diarrhea and secondary com- 
plications. While the intestinal remnant is 
undergoing adaptation, the patient's meta- 
bolic needs can be maintained by intra- 
venous nutrients. Intravenous hyperalimen- 
tation as developed by Dudrick.2* 4° has 
made the greatest single contribution to 
the treatment of the short bowel syndrome. 
Sufficient calories, vitamins, minerals, and 
electrolytes can be given intravenously to 


maintain the individual indefinitely. This 
period of relative intestinal inactivity al- 
lows adaptation to occur sufficiently before 
starting a progressive oral feeding program. 
Gastric hvperacidity during this period can 
usualy be controled by anticholinergic 
drugs anc. antacids. À vagotomy and pyloro- 
plasty may occasionally be necessary for 
gastroducdenal ulceration and hemorrhage. 
Any type of gastroenterostomy or bypass 
should be avoided as this further reduces 
the intestinal absorptive capacity. Intestinal 
hypermotility may require parenteral co- 
deine, but is ordinarilp managed ade- 
quately with paregoric and kaopectate or 
diphrenoxylate hydrochloride (Lomotil). 
By the end of the second or third week 
the usual adult with 60 cm. or more of 
jejunum can be tried on isotonic fluid by 
mouth. If there is no increase in diarrhea, 
feedings may be progressively increased, 
but the main source of calories for some 
time must be from IV hyperalimentation. 


Stage II. Intravenous Fluids and Oral 
Feeding 


This is a transitional stage which may 
last several months depending upon the 
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length and adaptation of the remaining in- 
testine. Oral feedings should progress only 
if diarrhea is stabilized at 2,000 ml. or 
less. Judicious experimentation with small 
amounts of carbohydrates and proteins will 
eventually produce an oral diet that the pa- 
tient can tolerate. We have found that com- 
mercially available elemental diets that con- 
tain nutrients, electrolytes, and vitamins can 
frequently be used as an early complete oral 
liquid feeding. Although this material will 
supply easily utilized, balanced calories, 
osmolality of ingestion must be carefully 
controled to prevent increased diarrhea 
and vomiting. This is an excellent method 
of introducing fat to the diet as these prep- 
arations contain medium-chain triglycerides 
made from coconut oil which are apparently 
absorbed passively into the portal system 
without solubilization by bile salts. Normal 
dietary fat can then be gradually added to 
the diet, usually up to 50 Gm. a day without 
significant steatorrhea. 


Stage III. Complete Oral Feeding 


This is the end point of treatment when 
all the patient's nutritional requirements can 
be satisfied by oral feedings without sup- 
plementation with the exception of vitamin 
B-12 when ileum is resected. Obviously not 
all patients reach this stage and others 
reach it only with significant disability. 
Diarrhea is usually stabilized and fat ab- 
sorption may be complete with near normal 
cholesterol, carotene, and vitamin A levels. 
Meal habits may have to be adapted to 
several small feedings per day instead of 
the usual three. Weight even after a 70- to 
80% resection can ordinarily be maintained, 
usually stabilizing slightly under ideal 
weight. These patients must be very careful 
what they eat as a minor food indiscretion 
or gastroenteritis may require hospitaliza- 
tion and intravenous therapy. Otherwise, 
they can lead a normal life with activity 
adjusted to their absorptive capacity. 


Conclusion 


Recent advances in the knowledge of in- 
testinal physiology have permitted a better 
understanding of the pathophysiology of the 
short bowel syndrome. The long-term sur- 
vival and rehabilitation of these patients is 
not only possible but is becoming common- 
place with proper management.?” 91, 92, 33, 40 
Intravenous hyperalimentation has revolu- 
tionized early and intermediate treatment, 
sustaining life and maintaining weight until 
intestinal adaptation to oral feeding occurs. 

Conservation is essential particularly at 
the initial operation where every viable 
centimeter of bowel should be retained and 
temptation to perform adjunctive proce- 
dures such as vagotomy and pyloroplasty, 
reversed segments, and recirculating loops 
resisted. The long-term survival of patients 
with total intestinal resection is not feasible 
at the present time although isolated cases 
have survived for several months.?* Ultimate 
treatment of total enterectomy depends 
upon the successful development of trans- 
plantation immunology and replacement 
technics.” 
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DISCUSSION 


Dr. BENTLEY P. Corcockx (Boston): I just want 
to say a word or two about this subject as it ap- 
plies to the treatment of Crohn's disease. 

I am sure all who have to treat Crohn's disease 
knew that we were going to see this complication 
of the short bowel syndrome sooner or later. It 
.has begun to turn up in our experience. 

[Slide] In this last review (117 patients) we 

had eight patients, approximately 6.8 per cent, all 
of whom had but 2 to 4 feet of remaining small 
bowel—in their intestinal tract. The two points 
which were impressive to us were: (1) five of 
these patients had only two resections for Crohn's 
disease before they developed this complication 
and (2) four of these patients acquired a 
duodenal ulcer. 
. Medical treatment is very much as Dr. Conn 
has emphasized: the medium chain triglycerides, 
Lomotil and, particularly, to that old standby, 
codeine. We reversed two jejunal loops, but 
neither really gave us a good result until we cut 
down gastric acidity. This condition—the short 
bowel syndrome—was responsible for two of our 
late three deaths in this group of 117 patients 
Operated upon. 

This iatrogenic complication emphasizes what 
many of us have said over the years about the 
surgical treatment of Crohn's disease: (1) You 
rarely operate for this condition unless the patient 
develops a complication which forces you to, 
such as obstruction, perforation, or a fistula. (2) 
When you operate on these patients, you remove 
only that portion of bowel that is responsible for 
the complication. You have no way of knowing 
in which patients this will recur, and we know 
to our chagrin that about 25 to 30 per cent of all 
patients that we operate on will undergo re- 
operation. 


Dn. ALBERT O. SINGLETON, JR. (Galveston): I 
would like to speak about the mechanical methods 
that have been used to correct the short bowel 
syndrome. Of prime importance is the stamina and 
the nutritional care of the patient. This is of much 
greater value than these mechanical measures 
that we may introduce later. 
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Dr. Shepard obviously must be a Hopkins man, 
or Hopkins influenced, in mentioning that this 
reverse loop was first done there at the turn of 
the century. He did not report to you, however, 
that this was abandoned. They felt that this 
was an obstructive operation. 

In 1954 we reported before this organization 
our experience with the reverse loop, and since 
then many others as well as ourselves have com- 
mentec on its clinical and experimental aspects. 
While many people have found this to be a very 
useful operation, others have been dissatisfied with 
it. Abcut 2 years ago at the Western Surgical Dr. 
Waddell advocated building valves rather than 
reverse loops. His experience with the reverse loop 
was unsatisfactory. 

In attempting to evaluate all of these technics, 
we performed the tonic bowel segment, the re- 
verse loop, the stenotic segment, the valve, the 
recireulating loop and reverse segment in a large 
number of animals and we found that they 
were all very useful and statistically we could 
not show the superiority of one over the other, 
though in individual animals a long reverse seg- 
ment seemed to be the most satisfactory as far as 
bringing the individual animal back to its proper 
weight. 

Actually we were so confused about this, we 
even did sham operations, in which we simply 
openel the abdomen and closed it in animals 
which had been given the short bowel syndrome, 
but found that this was not beneficial. So this 
was of some encouragement. 

As far as using two reverse loops, we have not 
had the experience in the dumping category, but 
in the short bowel syndrome this did not seem to 
offer any advantage over a longer single loop, and 
being lazy, we abandoned the double loop pro- 
cedura. 

As far as doing these procedures prophylacti- 
cally at the time of. a massive bowel resection, I 
would think that this would not be wise. With 
these methods we can carry the patient over the 
immediate postoperative period and maintain their 
nutrition, and then later such procedures can be 
done if thought necessary. So often one will have 
an infarction of a portion of the bowel, and then 
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one finds later further infarction takes place. I 
am afraid this would ruin the statistics of the 
reverse loops if we administered it at this time. 


Dr. RicHanp T. SHACKELFORD (Baltimore): I 
think the technical parts, the physiological parts, 
and the various operations have already been dis- 
cussed by the others before me, and so I would 
like to dwell a little bit on their history. In 
my day as a house officer, we did not have any 
of these problems, because our patients that had 
massive resections did not live. Those were the 
days when we did direct blood transfusions, 100 
cc, 150 cc, or maybe 200 cc, and we used subcu- 
taneous infusions instead of intravenouses, and 
so forth. 

So the most common short bowel syndrome that 
we saw then was the gastrojejunocolic fistula. At 
that time, gastroenterostomy was being used as a 
treatment for peptic ulcer, and particularly with 
the posterior gastrojejunostomies gastrojejunocolic 
fistulas were common. 

That was the most feared complication of opera- 
tions on the stomach at that time, because they 
carried a mortality of somewhere around 75 to 85 
per cent, until Dr. Walter Estelle Lee proposed 
preliminary colostomy. I am not certain whether 
his paper was given before this society or before 
the American Surgical. My memory is not that 
good. 

Dr. Lee revolutionized the treatment of gastro- 
jejunocolic fistula by advocating a three-stage pro- 
cedure, the first stage of which was a proximal 
colostomy. Following that, they could feed the 
patient. These patients were all greatly emaciated, 
because we did not have intravenous alimentation; 
so after colostomy he could feed them and restore 
their general condition, and then go ahead and do 
a resection in second stage, and close the colos- 
tomy at the third stage. He reduced the mortality 
down to 15 per cent, which was quite spectacular. 

The second type of short bowel syndrome that 
we saw in these days was inadvertent gastro- 
ileostomy. This occurred, surprisingly enough, at 
the hands of some of the better surgeons. They 
were not as great a problem as the gastrojejuno- 
colic fistulas, possibly because they still had their 
ileocecal valve intact, but they were a problem. 

Lee's multiple stage operation for gastrojejuno- 
colic fistula was used, I think, until about World 
War II, when people started doing primary resec- 
tions because they then had the ancillary aids 
which we had not had before. 

The fist time I remember total intravenous 
alimentation used was about 1949-1950, when 
Denton Cooley was resident. at the Hopkins. A 
gastroileostomy had been sent up, from some other 
place, of course, and was in frightful shape. Dr. 
John Eager Howard during the war did part of 
his research work for the armed forces and was 
trying to study a method of total intravenous 
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alimentation, particularly for starvation patients, 
whom thsy found difficult to feed when they had 
not been fed for a long time. 

This was a gastroileostomy in which they used 
total intravenous alimentation. The patient was 
in miserable shape when she arrived, and it was 
about 3 weeks later that she was in adequate con- 
dition to undergo operation. Denton Cooley per- 
formed the operation, and my guess would be that 
that would be about 1949, or thereabouts. 

It interests me that all four of the cases that 
Dr. Conn presented were short bowel syndromes 
following massive bowel resections. One was an 
anastomosis of jejunum to colon, eliminating the 
ileocecal valve; the other three were anastomoses 
of a short stump of jejunum to a short remnant 
of terminal ileum. All four were massive resec- 
tions tha: presented serious short bowel syn- 
drome problems, which often have to be done 
for mesenteric vascular occlusion. They were beau- 
tifulv mznaged thanks to total intravenous ali- 
mentation and other ancillary aids. 

Thanks to these advances, surgeons now ac- 
tually create short bowel syndromes electively, 
and with impunity, for treating obesity. 1t is 
quite spectacular. 


Dr. J. HaAgorLp Conn (Closing): I am particu- 
larly sympathetic with Dr. Colcock, because 
regional enteritis is an extremely difficult disease to 
treat after extensive bowel resection, because, un- 
fortunately, the disease process itself has destroyed 
many of the active transport systems. 

The shart bowel syndrome would be relatively 
easy to manage if all nutrients were simply ab- 
sorbed passively, but they are not. Even pre- 
digested elemental diets ordinarily require active 
transport for absorption. These sites are distributed 
regionally in the gastrointestinal tract, and adapta- 
tion may be incomplete at best, particularly if the 
ileum is resected. 

These seems to be some confusion about who 
first did the reversed segment. I will go back a 
little further. It was Dr. Halsted in 1887. He oper- 
ated upon 11 dogs, and they all died; however, I 
think most of his segments were too long. 

I wil leave you with this bit of philosophy. Al- 
though with our advances in intestinal physiology 
we are daing great things for the short bowel 
syndrome, we still have not solved the big prob- 
lem, and that is what to do with the almost 
totally enterectomized patient with a duodeno- 
colostemy. 

We can hospitalize these patients, maintain 
them on intravenous hyperalimentation, and they 
will survive for months. This is all at tremendous 
cost in patient distress, finances, and time. The 
obvious answer to this problem is for somebody to 
successfully develop intestinal homotransplanta- 
tion, and I hope some member of this association 
will accomplish this soon. 


Technics of Staple Suturing in the Gastrointestinal Tract 


Mark M. Ravircs, M.D., Fericien M. Steicuen, M.D. 


From the Departments of Surgery, University of Pittsburgh and the Montefiore Hospital 
of the University of Pittsburgh Health Center, Pittsburgh, Pennsylvania 


Five years ago ^9" we described our 
initial evaluation of the Russian stapling 
instruments and their American modifica- 
tions in gastric resections and anastomoses, 
and in the creation of Heidenhain pouches 
for studies of gastric secretion. Since then, 
in a wide range of procedures on the gastro- 
intestinal tract, 1% 3*1? we have gained 
considerable experience with these radically 
advanced American instruments. The in- 
struments have at least as great a field of 
application in thoracic, particularly pul- 
monary, surgery, and our experience there 
is even longer.5 $9? 11 We have also had 
some experience with their use in gyneco- 


ments of the TA (thoracic-abdominal) series 
for closure of incisions and cut ends in the 
gastrointestinal tract; and the GIA (gastro- 
intestinal anastomosis) instrument for anas- 
tomoses, for division of spurs, and for sealed 
transection of bowel. 

The LDS (Ligating-Dividing-Stapling) 
Instrument is essentialy sealed and does 
not require disassembly for cleaning. It con- 
sists of an activating mechanism which is 
controlled by compression of the handles. 
A slip-on disposable cartridge contains 15 
pairs of staples and a knife blade. The distal 


„end of the cartridge is gently curved in a 


logic procedures, in which they have been . 


widely used in this country. However, the 
present communication deals solely with 
their use in surgical treatment of the gastro- 
intestinal tract, for vessel ligation, closure 
of incisions in bowel wall, closure of bowel 
ends, sealed transection of bowel, and crea- 
tion of anastomoses, in various procedures 
upon esophagus, stomach and. bowel. 


The Instruments are Principles 
of Their Use 


The instruments which are used for gas- 
trointestinal surgery are the LDS (ligating, 
dividing and stapling instrument) for dou- 
ble ligation and simultaneous division of 
omental and mesenteric vessels; the instru- 
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hook. A channel is created with a curved 
clamp around the vessel or tissue to be 
ligated, The lip of the instrument tip fol- 
lows around the tissue as the clamp is with- 
drawn, engaging the tissue in the oval 
window of the instrument. As the handles 
are compressed, the opening of the hook is 
closed and all of the tissue within the oval 
opening thus formed is securely compressed 
by a staple on each side and divided midway 
between the staples (Fig. 4A). Compres- 
sion of the handle is firm and continuous, 
and the release swift. Hemostasis is equally 
secure whether a single delicate vein is en- 
compassed in the instrument or a mass of 
fat and vessels. The instrument cannot ac- 
cept huge masses of tissue, so that a certain 
modest delicacy is forced upon the surgeon, 
a not altogether undesirable effect. When 
the last pair of staples has been discharged, 


the instrument will not close, so that one 


815 


cannot divide tissues without stapling them. 
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We have seen or recognize the possibil- 
ity of the following difficulties: (1) Jam- 
ming of staples. In the earlier models, if the 
handle was partially compressed, and then 
released, staples tended to jam. A modifica- 
tion, now in production, eliminates this 
problem. (2) Causing bleeding with the 
hemostat that is used to create a channel. 
(3) Causing bleeding by forcing the instru- 
ment into an inadequate channel. (4) Avuls- 
ing vessels by large movements of the en- 
gaged instrument. (5) Avulsing a staple 
caught on a laparotomy pad, as the pad is 
being withdrawn. 

The TA (thoracic-abdominal) Instruments 
produce linear suture lines with a double 
staggered row of staples 30, 55, and 90 mm. 
in length. The basic instruments consist of 
an L-shaped frame. The disposable anvil for 
forming the staples is slipped on the fixed, 
short limb of the L represented by the lower 
jaw of the instrument at the end of the 
shaft. Sliding inside the long limb of the L 
is a shaft at the end of which is the upper 
jaw of the instrument, into which the dis- 
posable staple cartridge is slipped. 

These instruments operate in two steps: 


1. Compression of the tissues by turning 
a wing nut, screwing the shaft down to the 
appropriate degree, indicated by a vernier 
on the shaft, until the cartridge and the 
anvil, with the tissue between them, are 
separated by the correct distance for proper 
formation of the staples. 

2. Driving the staples home by compres- 
sion of the handle. Great pressure is not 
required and the yielding of the staples is 
easily recognized. With one motion these 
instruments deliver a double staggered row 
of 11 (TA 30), 19 (TA 55) and 33 (TA 
90) staples. 


Before the instrument is closed the pin at 
the open end of the jaw must be fitted 
through into the lower jaw-pushed, in the 

"TA 30 and 55, and screwed, in the TA 90. 
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This accomplishes two things: 


l. Prevents tissue from being squeezed 
outside :he jaw beyond the staple closure. 
2. Assures perfect alignment of cartridge 
and anvil for precise closure of the staples. 


A. Fer Closure of Cut Ends of Stom- 
ach or Bowel. The stomach or bowel is 
transected with scalpel or cautery, using 
the edge of the stapler jaw as a guide, and 
only then is the stapler opened and re- 
moved (Fig. 4B). A pink blush or a little 
bleeding will demonstrate the viability of 
the 1-2 mm. cuff beyond the staple line. 
Occasionally this may require a single su- 
ture for control. It is to be recalled that the 
"B" configuration of the staples is non- 
crushing and fine vessels may actually course 
through the staples to nourish the tissue 
beyond. 

The vasculature of the bowel must be 
cleaned away at the line of transection since 
these staples are not designed to control 
mesenteric or omental vessels which should 
first be secured with the LDS or manually. 

We do not usually, presently, oversew: 
the cut edge but if it is desired, a continu- 
ous whiz stitch of catgut is all that one 
need employ to invert the stump. The neat, 
flattened cut end is much more readily in- 
verted than is any type of manual suture 
closure. The blue cartridge with 3.5 mm. 
long staples is less likely to leave an oozing 
cut edge than the green cartridge with 4.8 
mm. long staples, but for a very thick 
walled stomach the latter should be used. 

B. For End-to-End Anastomosis. The 
two bowel ends are opposed and triangu- 
lated. The posterior lips are drawn up by 
Babcocks or sutures and stapled serosa-to- 
serosa with the TA instrument. The remain- 
ing two sides of the triangle are closed mu- 
cosa-to-mucosa with the TA. The ends of 
the staple suturing lines cross each other 
(Fig. 1). This is a satisfactory technic for 
the Billroth I reconstruction after gastrec- 


TECHNICS OF STAPLE SUTURING 817 


Fic. 1. End-to-End 
Anastomosis of Intestine 
by Triangulation. (A) 
The posterior row held 
by sutures at either end 
and an Allis clamp in the 
center, is drawn through 
the jaws of the TA instru- 
ment, the staples driven 
home and the excess tis- 
sue excised, between the 
stay sutures. (B) The pos- 
terior suture line is shown 
completed and a guy su- 
ture placed in the op- 
posed anterior lips. (C) 
This allows one to place 
two more suture lines, the 
bowel edges being ap- 
posed mucosa-to-mucosa. 
(D) The completed su- 
ture line showing the 
overlapping of the staples 
from one suture line to 
the next. 


tomy (Fig. 5) and we have been satisfied 
with its use in the colon, particularly in the 
pelvis. 

C. For Closing Linear Incisions (as 
after gastrotomy, or duodenotomy). Trac- 
tion sutures or Babcock clamps are placed 
at the ends of the proposed line of closure 
and through the middle. Both lips of the 
incision are drawn into the clamp and 





stapled; the excess protruding through the 
clamp is excised (Figs. 6, 7 and 9). 

We have known, or recognize the pos- 
sibility of, the following errors: 


l. Failure to insert the pin at the open 
end of the instrument jaw so the cartridge 
or anvil is improperly seated and the staple 
closures are malformed. 

2. Failure to screw the instrument down 
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to the vernier mark so the tissues are in- 
sufficiently compressed and the staples 
penetrate insufficiently. 

3. Failure to clean off a marginal mesen- 
teric vessel in the line of transection so that 
it bleeds and requires suture after transec- 
tion of bowel and removal of the clamp. 

4. Use of improper cartridges, viz. the 
white cartridge with very fine and short 
staples, as for pulmonary vessels, produces 
a degree of compression which would 
destroy bowel. 

5. Use in diseased or ischemic bowel, or 
in abnormally thickened bowel as in the 
untrimmed rim of a colostomy. Clearly a 
stapled closure is no more likely to succeed 
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Fic. 2. Posterior Gas- 
troenterostomy. The anas- 
tomosis is performed se- 
rosa-to-serosa with the 
GIA instrument and the 
stab wounds resulting 
from the insertion of the 
GIA closed mucosa-to- 
mucosa with the TA in- 
strument. The identical 
technic would be em- 
ployed in any lateral 
anastomosis. The stomach 
is drawn through the 
transverse mesocolon and 
the edges of the meso- 
colon sutured to the stom- 
ach. Parallel stab wounds 
are made in the jejunum 
and in the stomach, the 
limbs of the GIA inserted, 
the halves of the instru- 
ment mated and locked 
and the  three-pronged 
staple driver-knife assem- 
bly pushed home. The 
final illustration, lower 
right, shows the com- 
pleted anastomosis in 
transparency, and the TA 
instrument coming off 
after closing the opening 
left by the coalescence of 
the two stab wounds. The 
closure is mucosa-to-mu- 
cosa. No inverting sutures 
are employed. 
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than a manual closure if the bowel is de- 
vitalized or diseased. 

6. Failure to discard anvils and subse- 
quent use of a cartridge requiring a differ- 
ent anvil. 

7. Violent compression of the handles to 
drive the staple, actually warping the in- 
strument. 

8. In closing tangential wounds, —as in 
Heineke-Mikulicz closures, or in closure of 
the stab wounds after use of the GIA, — 
failure to draw both lips of the bowel wall 
well into the instrument results in an in- 
complete closure and possible leak. 

9. Forgetting to squeeze the handles so 
the tissue is merely compressed, not stapled. 
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Fic. 3. Excision of Zenker's Pharyngeal Diverticulum. (A) The diverticulum has been dis- 
sected down to its neck until its emergence from the pharyngeal musculature is clearly seen. 
(B) It is held lightly with forceps to avoid drawing the esophagus into the clamp and to avoid 


stapling tissue which is on the stretch. (C) 


diverticulum excised, the opening of the p 


The staples having been driven home and the 
iaryngeal musculature is continued distally as a 


pharyngeal myotomy. (The same technic may be used for an epiphrenic diverticulum and for 


some Meckel's diverticula. ) 


The GIA (Gastrointestinal Anastomosis) 
Instrument 


The instrument consists of two portions 
sach with a slender protruding limb one of 
which is graduated in centimeters—up to 5. 
One limb accepts the disposable metal 
anvil, the other the disposable plastic car- 
tridge which carries two double rows of 
staples, 8 to each row, and a central slot. 
The cartridge carrying half is slotted to re- 
ceive a three pronged disposable assembly 
consisting of two lateral pusher bars to form 
the stape closure and between them a 
knife to cut the tissues between the two 


double staple rows. The three prongs must 
be inserted in the corresponding slots of 
the cartridge. The limbs are inserted, the 
instrument halves are mated until they lock 
and the three pronged assembly is driven 
home. The division of the bowel between 
the double staple lines stops short of the 
last staples. The pusher assembly is with- 
drawn. Pressure upon the snap release un- 
locks the two halves which can now be 
removed. 

A. For Lateral Anastomoses in the 
Gastrointestinal Tract (as in a classic, 
retrocolic, posterior gastroenterostomy ( Fig. 
2). The two segments are juxtaposed by 
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stay sutures or Babcock clamps, a stab 
wound made in each with knife or cautery 
and a limb of the instrument placed in each. 
Each segment is drawn up to the same level 
on the calibrated instrument limb,—control- 
ling the diameter of the anastomosis,—and 
the two halves mated. The three pronged 
pusher bar-knife-pusher bar assembly is in- 
serted, each component in its proper slot, 
and driven home with the thumb, the re- 
lease clicked, and the instrument removed. 
A double, staggered suture line, serosa-to- 
serosa anastomosis with 16 sutures on each 
side and virtually no internal flange, has 
been performed. The interior of the bowel 





is now inspected through the single open- 
ing resulting from the instrument's division 
of the tissue between the two stab wounds. 
Rarely a bleeding point in the anastomosis 
will suggest the advisability of an internal 
suture. We have described, and formerly 
used, a prefixed Connell suture around the 
bowel opening, pulled up as the instrument 
was withdrawn. We now generally close 
the opening mucosa-to-mucosa with an ap- 
plication of the TA instrument, usually TA 
55. To be sure that both lips are pulled 
through the instrument for the entire length 
of the closure, traction is employed by su- 
tures or Babcock clamps at the ends and 
middle of the proposed staple suture line. 
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We have known or recognized the pos- 
sibility of the following errors in the use of 


the GIA: 


l. Failure to draw the two loops up sym- 
metrically on the limbs of the instrument. 
This is inelegant and results in a larger 
opening to close, but presents no hazard. 

2. Failure to mate the two halves prop- 
erly. One or both loops of bowel will be in- 
cised but the staples will not engage the 
lower loop. The defect produced would be 
obvious; there should be no question 
whether the instrument halves are properly 
mated or not. 

3. Failure to insert the three-pronged as- 
sembly properly. The three stems are 
slender and flexible. It is possible to insert 
a staple pusher and the knife blade in the 
same slot. If it seems unusually difficult to 
drive the knife home, this is the probable 
cause, If the operator persists, the knife will 
cut through dangerously close to the staples 
on that side. 

4. Failure to ascertain that the lumen has 
been entered (essentially only with esoph- 
agus or stomach) and passing the instru- 
ment limb submucosally. 

5. In Finney pyloroplasty, and functional 
end-to-end anastomoses, failing to secure 
serosa-to-serosa apposition so that (a) in- 


— — > 








Fic. 4. Partial Gastrectomy and Billroth II Reconstruction. (A) The LDS instrument is 
shown clearing the greater curvature. With each compression of the handles, two staples are 
placed a quarter of an inch apart and the tissue encompassed in the instrument simultaneously 
divided. (B) The duodenum has been divided along the edge of the TA-55 after the staples 
have been driven home, and the gastric stump secured with a clamp. The TA-90 has been 
placed across the stomach at the desired level. (C) The proximal portion of the stomach has 
been sealed by the double staggered staple row applied by the TA-90. No oversewing is 
required of either gastric or duodenal stump although occasionally a bleeder in the closure 
may justify a single suture. Shown is a Billroth II reconstruction of the anastomosis on the 
posterior surface of the stomach. Stab wounds are made in the stomach and in the jejunum 
for insertion of the two limbs of the GIA instrument. Concern is often expressed about the 
viability of the portion of posterior gastric wall between the stab wound and the staple closure 
of the gastric stump. We have not seen any recognizable vascular embarrassment of this tissue 
and have had no leaks. (D) The two stab wounds have been converted into a single opening 
by the knife of the GIA and this opening has now been closed mucosa-to-mucosa with the TA 
instrument. No sutures are required. Shown also is an alternate method, for performing the 
gastroenterostomy, by excising a corner of the staple closure line in the stomach and passing 
one blade of the GIÁ along the posterior wall of the stomach parallel to the greater curvature 
and passing the other in a similar direction into the jejunum. The opening left by the division 
of the tissue between the two stab wounds is closed as in D. It will be noted that the GIA is 
graduated in centimeters so that the size of the anastomosis can be controlled. 
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terposed fat prevents a secure closure or 
(b) vessels in it bleed. 

6. Failure to seat the anvil properly may 
result in malformed staple closure. 

7. If the tissues are abnormally thick, the 
knife may cut through the two bowel walls 





while the staples do not securely grasp 
them. 


B. For Bowel Transection. We now 
rarely transect bowel in any other way than 
by application of the GIA whatever our 
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ultimate plan for the cut end (Fig. 11A). A 
window is created against the mesenteric 
edge of the bowel, a limb of the GIA ap- 
plied on either side of the bowel, the instru- 
ment locked and driven home. The bowel 
has been transected, each end sutured 
closed with a staggered, double line of 
staples. If the end is to remain closed, no 
more need be done. In any case, until anas- 
tomosis or colostomy or ileostomy is per- 
formed, the stump is dry and clean, may be 
dropped back into the abdomen without 
dangling clamps or enveloping packs. 

We have known or recognize the pos- 
sibility of the following errors: 


l. Failure to fit the bowel within the 
instrument, so that the transection and su- 
ture line are incomplete. 

2. Failure to clear a marginal vessel 
which is cut and bleeds. 

3. Mal-use of the instrument as noted be- 
fore—(a) inaccurate mating, (b) inaccurate 
insertion. of the three-pronged pushing 
assembly. 

4. Since the instrument is designed for 
anastomoses, the knife does not cut to the 
end of the stapled suture line and fre- 
quently this last bit of tissue between the 
two double suture lines must be snipped 
with the scissors. 


Technics Involved in Specific Operations 
Pharyngeal Diverticulectomy (Fig. 3) 


The neck of the liberated pharyngeal di- 
verticulum is grasped and compressed be- 
tween the jaws of the TA-55 instrument. 
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Strong traction. on the diverticulum is 
avoided. Following staple discharge, the 
diverticulum is excised beyond the staple 
suture line, using the blade of the TA in- 
strument as a guide. 

The pharyngeal musculature, previously 
separated by the diverticulum, is not closed 
over the suture line. The muscular separa- 
tion is rather continued downwards for 
some 5 cm. as a myotomy. 


Gastrectomy (Figs. 4 and 5) 

The lesser and greater curvatures are 
prepared using the LDS. Obviously in dis- 
secting the duodenum off the pancreas, the 
usual suture ligation is required. The TA-90 
is placed across the stomach at the level 
and angle desired, the holding pin screwed 
in place, the instrument screwed tight, sta- 
ples descharged, stomach cut between the 
TA-90 and clamps on the specimen, the jaw 
of the TA-90 acting as a guide. Suture in- 
version of this flattened closure with a whip 
stitch of catgut is optional. The gastroen- 
terostomy for a Billroth II ( Fig. 4) may be 
antecolic or retrocolic, to the anterior or 
posterior gastric wall, along the greater 
curvature or parallel to the gastric stump. 
We have not seen pallor or cyanosis in the 
intervening strip of stomach between suture 
lines of the gastric stump and the gastro- 
enterostomy, and in a long experience have 
never seen necrosis or leakage occurring. 
The combined stab wound is closed mucosa- 
to-mucosa with the TA-55. 

If it is desired to tack the jejunum over 
the gastric stump, this is done with silk. 


— > 





Fic. 5. Partial Gastrectomy, Billroth I Reconstruction. (A) The gastric vasculature has 
been divided with the LDS and the stomach closed with the TA-90 and transected along the 
edge of the instrument. (B) The duodenum has been transected without being stapled, and 
has been brought up to the stomach. A corresponding portion of the gastric staple closure has 
been excised. The anastomosis will be made by triangulation. The posterior row, which is 
inverting, is defined by traction sutures at either end and a clamp in the midportion. (C) The 
posterior lip is drawn up in the TA instrument which is then driven home and the protruding 
edges of stomach and duodenum excised on the edge of the instrument. (D) The posterior row 
has been completed, the guy sutures left intact. An additional traction suture is placed through 
the middle of the remaining two thirds of the circumference. (E) Seen are the remaining portion 
of the gastric stump, the completed staple closure of the anastomosis overlapping it and the 
third side of the anastomosis now being completed by excision of the excess tissue protruding 
through the TA clamp after the staples have been driven home. No inversion is required. 
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The duodenum is closed mucosa-to-mu- 
cosa with the TA-30 or 55, and once more 
inversion of this closure is optional. 


It a Billroth I reconstruction is to be per- 
formed, the duodenum is transected with- 
out being stapled and a corresponding 
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Ud u, 


length of the stapled gastric closure is ex- 
cised. Triangulating end-to-end anastomosis 
is performed with three applications of the 
TA-55. The posterior row is inverting, the 
other two everting (Fig. 5). 

It is our impression, and that of others, 
that stapled anastomoses function sooner 
than those manually sutured and, in view 
of our experimental comparisons of manual 
and stapled anastomoses,’ this is not to be 
wondered at. Stapled anastomoses at every 
stage show minimal reaction at a time when 
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Fic. 6. Excision of 
Gastric Ulcer. (A) A por- 
tion of the two curvatures 
is cleared with the use of 
the LDS. (B) Shown is 
an ulcer in the posterior 
gastric wall. (C) The 
ulcer and a good bit of 
stomach are drawn up 
through the jaws of the 
TA-90 extending almost 
from curvature-to-curva- 
ture, the instrument com- 
pressed, the staples are 
driven home and the spec- 
imen is excised on the 
instrument. (D) Shows 
the resultant slight puck- 
ering effect. No sutures 
are required and a subse- 
quent gastrointestinal x- 
ray shows no recogniz- 
able deformity of the 
stomach and only the 
double line of staples to 
indicate that an operation 
has been performed. The 
specimen has an elliptical 
shape. 


manual anastomoses are ragged, hemor- 
rhagic, and edematous. 


Excision of Gastric Ulcer (Fig. 6) 

The greater curvature is prepared with 
the LDS and the lesser sac is entered. The 
stomach surrounding the ulcer is pulled up 
by two Babcock clamps and is grasped be- 
tween the blades of the TA-90 instrument. 
Following closure of the blades and staple 


discharge, the ulcer with surrounding nor- 
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Fic. 7. Pyloroplasty. Above, Finney Pyloroplasty. The usual mobilization of the duodenum 
is performed and a single tacking suture placed to hold duodenum and stomach together as 
shown. The limbs of the GIA are inserted through a single stab wound just beyond the pylorus, 
the halves are mated, locked together and the instrument is activated. The stab wound is then 
closed with the TA instrument, mucosa-to-mucosa. in a line transverse to the axis of the duo- 
denum. A single suture anchors stomach-to-duodenum. The cutaway diagram shows the large 
stoma, with the double staggered line of staples on either side. and the everted stab wound 
closure. Below, Heineke-Mikulicz Pyloroplasty. The standard longitudinal incision is made, 
perhaps a little longer than shown. The traction sutures at either end draw the opening into 
a transverse diamond and the sutures placed between the original corners of the incision draw 
the wound so it is now transverse and the lips can be drawn into the TA-55 instrument which 
is compressed and activated, driving home the staples. The protruding excess tissue with the 
guy sutures is shown being excised. No sutures are required. 
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mal stomach wall is then excised distal to 
the TA instrument. 


Pyloroplasty (Fig. 7) 


Finney: The GIA is used, after the usual 
Kocher mobilization, either (A) by insert- 
ing both limbs through a single stab wound 
in the apex of the duodenum, one limb going 
into the stomach and one into the duo- 
denum, the stab wound being then closed 
with the TA-55, or (B) through separate 
stab wounds in the second portion of the 
duodenum and in the gastric antrum, the 
two limbs going up to the pylorus. In either 
case, we place a single suture at the lower 
end of the fusion between the stomach and 
the duodenum to protect the suture line 
against pull by the weight of the filled stom- 
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Fic. 8. Reverse, Greater 
Curvature, Gastric Tube. 
(A) The stomach has 
been prepared by division 
of the omentum with the 
LDS instrument, periph- 
eral to the Me A ble 
vessels. The GIA instru- 
ment has already been 
applied once along the 
greater curvature, a large 
tube in the stomach guar- 
anteeing the size of the 
gastric tube to be formed. 
(B) With repeated ap- 
plications of the GIA in- 
strument the tube has 
been formed. Because of 
the thickness of the stom- 
ach and the fineness of 
the staples in the GIA we 
have been more comfort- 
able closing over this long 
suture line. 


IA 





ach. With either method it is important to 
be certain that the serosal surface of the 
duodenum is turned to the serosal surface 
of the stomach, without intervening of fat 
and its vessels. 

Heineke-Mikulicz: Longitudinal incision 
is made in the usual way. Transverse closure 
with the TA-55 everts the closure. This 
everting closure eliminates obstruction at 
the pyloroplasty and resultant inadequate 
gastric emptying the bête noire of vagot- 
omy and pyloroplasty. 


Reverse Gastric Tube (Fig. 8) 


A reverse gastric tube of the Gavriliu- 
Heimlich type is readily constructed by 
using the GIA in serial applications to 
create the greater curvature tube formed 
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Fic. 9. Emergency Gastrotomy. During an emergency gastrotomy, in the search for a 
source of upper gastrointestinal hemorrhage, bleeding from the cut stomach wall is often 
troublesome and may tend to interfere with the location of the source of the mucosal hemor- 
rhage. (A) One blade of the GIA is placed within the stomach, the other blade outside of it. 
(B) When the instrument has been activated, a stapled, dry, 5 cm. incision results. (C) If one 
wishes, a longer incision can be made by reapplying the instrument in the other direction. We 
tend to use the shorter staples of the P-GIA (pediatric) for this purpose since only a single 
layer of stomach is being stapled. (D) If the clinical situation is such that the gastrotomy 
incision is to be closed, the edges are drawn through the jaws of the TA instrument for an 
everting mucosa-to-mucosa closure. 
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on an Ewald tube. Stomach and the gastric 
tube are left with two rows of staples and 
a mucosa-to-mucosa suture. The fine staples 
of the GIA in thick stomach, and the long 
suture line, have seemed to us to argue for 
the wisdom of turning in the suture lines 
with a continuous whip stitch of catgut. 


Gastrostomy 

A Beck-Jianu tube gastrostomy can be 
fashioned in the same way as the reverse 
gastric tube. We have not had occasion to 
perform a Janeway gastrostomy, but if a 
large rubber tube is inserted transversely 
into the stomach from a point near the 
lesser curvature, a Janeway-type gastric 
tube can be constructed on it by placing 
the GIA behind the tube just as one places 
it along side the rubber tube in the creation 
of a reverse gastric tube. 


Gastrotomy (Fig. 9) 


As neat a use of the GIA as any is in 
performing a gastrotomy, as in emergency 
operation for gastric bleeding. One limb is 
placed inside the stomach, one limb outside 
and activation of the instrument produces 
a 5 cm. incision with both edges sutured so 
that there is no bleeding from this source 
to confuse the picture. For this purpose, 
since only a single thickness of stomach is 
sutured, we employ the P ( pediatric) GIA 
with shorter staples. 


Total Gastrectomy or Esophagectomy 
(Fig. 10) 


The duodenum is stapled with the TA-55 
in the ordinary way. The reconstruction can 
be performed in as many ways with the 
GIA and TA instruments as it can be 
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manually. If the esophagus has been sta- 
pled and transected, the segment to be 
anastomosed, whether Roux Y of jejunum, 
jejunal loop or isolated colon, can be 
brought up along the esophagus. One limb 
of the GIA is inserted in the esophagus 
through an amputated corner of the stapled 
closure, and the other limb is inserted into 
the bowel segment to be anastomosed, from 
an appropriate distance below the proximal 
end of that segment. Once more one is left 
with a single opening resulting from the 
division of the septum between the two 
stab wounds, and closure can be manual 
and inverting, or with the TA and everting. 
We have performed this proximal anastomo- 
sis satisfactorily in this manner, both in 
the chest and in the neck. It has been our 
experience that in the neck anastomoses up 
to the pharynx, and in the chest anastomo- 
ses done from below at the upper limit of 
accessibility through a given incision, are 
more readily performed instrumentally than 
manually. At the lower end anastomosis of 
the colon to the stomach, or of jejunum-to- 
jejunum for Roux Y is performed in the 
obvious way with the GIA, and closure of 
the stab wound with a TA. By the same 
token, if a loop esophago-jejunostomy has 
been performed, the Braun's loop entero- 
enterostomy is performed with the GIA 
and a TA closure of the stab wound. We 
have been impressed by the freedom of 
these anastomoses from inversion or con- 
striction and by the speed of their accom- 
plishment in these long operations. 


Gastric Substitutes 


While we have not ourselves emploved 
the GIA for the construction of compound 
- " — 


Fic. 10. Esophagogastrectomy. The principles of the resection and reconstruction illustrated 
apply, with the obvious specific modifications, to various gastroesophageal resections and recon- 
structions. (A) The stomach is stapled with two applications of the TA-90 and divided between 
the edge of the instrument at the second application and the suture line from the first applica- 
tion. (B) The right colon has been isolated (as in D), a corner of the stapled end of ileum, 
left, and colon, right, excised, the prongs of the GIA inserted through the two openings thus 
created, the anastomosis formed with the GIA and completed by mucosa-to-mucosa closure of 
the fused stab wounds using the TA-55 as shown in B. Fig. 11—Resection and Functional 
End-to-End Anastomosis. (C) A corner of the distal staple closure of the colon has been cut 
away, a stab wound made in the stomach and the cologastrostomy has just been performed 
with the GIA after which the opening left by the GIA is closed mucosa-to-mucosa with a 


single application of the TA instrument. 


TECHNICS OF STAPLE SUTURING 829 





intestinal loops for gastric reservoirs or for rence,^ Woodward, Poth,’ Herrington,” 
treatment of the dumping syndrome along and others, the GIA would seem ideally 
the lines of those recommended by Law- suited for these procedures. 
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MIDDLE 
COLIC A." 


Fic. 10E. A stab wound has been made at the appropriate distance from the cephalad end 
of the cecum, and a corresponding stab wound made in the esophagus, the distal portion of 
which is hidden by the GIA instrument. Note the stapled closure of the ileal stump. (F) Shows 
the special technic for closure of the combined stab wounds left by the GIA, and closure of the 
esophagus. The TA-55 is applied obliquely and the stapling and excision of the excess proceeds 
in the usual fashion. (G) Shows the completed result. The colon has been transected and 
anastomosed, the stomach and esophagus divided, the colon anastomosed to the esophagus and 
lo the stomach and Heineke-Mikulicz pyloroplasty performed, all with staples. The esophago- 
colostomy and the cologastrostomy are serosa-to-serosa anastomoses, with mucosa-to-mucosa 
closures of the stab wounds. The ileocolostomy is serosa-to-serosa but the cut ends of ileum 
and colon have been closed mucosa-to-mucosa. 
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Fic. 11. Resection and Functional End to End Anastomosis of Bowel. (A) One limb of the 
GIA is inserted through the mesentery next to the bowel wall and the other across the anti- 
mesenteric border of the bowel. When the instrument halves are mated and locked, and the 
instrument activated, the bowel is divided, leaving the two ends closed with a double staggered 
staple line. (B) A corner of each stapled closure is excised. (C) The prongs of the GIA instru- 
ment inserted. Activation of the instrument divides the spur or common wall between the two 
loops and places a double staggered staple line on either side of the division of the apposed 
walls. (D) The single opening remaining when the GIA instrument is withdrawn is closed 
mucosa-to-mucosa with the TA instrument. (E) The final anastomosis (shown in transparency ), 
the mucosa-to-mucosa closure of the two original bowel ends, at either side, and of the stab 
wound across the top, showing the overlapping staple suture lines. 
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Enterotomy Closure 


Duodenotomy, for exploration of the 
ampulla of Vater has lent itself to trans- 
verse closure with the TA-55 just as in a 
Heineke-Mikulicz pyloroplasty. 


Functional End-toEnd Anastomosis 


In bowel, transection and anastomosis of 
bowel is always with the GIA. We have 
come more and more to prefer the func- 
tional end-to-end anastomosis '" as shown 
in Figure 11 for small and large bowel anas- 
tomoses, ileocolostomies, resection and clo- 
sure of colostomies, etc. The two stapled 
ends of the bowel are placed side-by-side in 
shotgun fashion, apposing bare serosal sur- 
faces and preventing interposition of mesen- 
terv. Adjacent corners are excised, a limb 
of the GIA inserted in each and the instru- 
ment driven home, performing the anasto- 
mosis. The instrument is withdrawn and 
the opening for it closed mucosa-to-mucosa 
with the TA. 


Spur Division 


We do not, ourselves, employ Mikulicz 
double barreled colostomy and, if we did, 
are inclined to believe we would resect it 
and perform a formal anastomosis. How- 
ever, if the spur has been properly pre- 
pared, i.e., long enough and anti-mesenteric, 
and the bowel is no longer edematous and 
thickened,—the GIA can be used to cut 
and suture the spur without taking the pa- 
tient to the operating room. 

The GIA has one of its more effective 
uses in division of the spur in the Duhamel 
operation for Hirschsprung's disease (Fig. 
12). We prefer '^'? the Martin modifica- 
tion. Once bowel anastomosis has been per- 
formed manually one limb of the GIA is 
inserted in the rectum and one in the colon, 
either from below, through the anus, or 
from above through the proximal end of the 
rectum and a stab wound in the colon. 1n 
older children it may be necessary to do 
this both from above and from below. The 
opening at the upper end is then closed 
manually. The inelegant and inferior method 
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of employing crushing clamps to slough 
through the spur is thereby eliminated and 
a clean surgical suture line created with the 
instrument. 


Appendectomy 


We have performed appendectomy, “en 
passant," with LDS for the vessels and GIA 
for the bowel, but we hardly consider this 
to be an important use for either ( Fig. 10). 


Rectosigmoid and Lower Rectal Resec- 

tion 

In bowel anastomoses in the rectum, the 
use of the two technics figured has seemed 
to us to provide considerable advantages 
over manual suturing although this is prob- 
ably not the operation to perform with one's 
first use of the instrument for anastomosis. 

The everting, triangulating anastomosis is 
satisfactorv in this area and the eversion of 
two of the three lines of sutures causes us 
no concern here. It is also acceptable in 
colon within the abdomen whereas we have 
not used it in the small bowel, in part be- 
cause our experimental studies to this point 
suggest that the everted flanges of mucosa 
invite adhesions. The functional end-to-end 
anastomosis has been extremely satisfactory 
clinically, and leaves only a single everted 
flange. Low rectal anastomosis can, in addi- 
tion, be performed in a variety of other 
ways. The proximal bowel can be over- 
lapped on the distal bowel and the limbs of 
the GIA inserted one through the excised 
corner of the staple suture line in the rec- 
tum, and the other through the proximal 
bowel so that the anastomosis will come 
down almost to the stapled closed-over 
distal end the proximal bowel. The illus- 
tration (Fig. 13) alternative 
method which is easy and effective. 


shows an 


Discussion 
The dependability and versatility of the 
LDS can hardly be over stressed. We have 
used it, for instance, for all tissues within 
the abdomen, in a radical abdomino-perineal 


—— — 
. 


TECHNICS OF STAPLE SUTURING 





Fic. 12. Duhamel Procedure for Hirschsprung’s Disease. (A) The resection has been com- 
pleted and the proximal ganglionic colon has been anastomosed to the rectum by manual 
sutures. One blade of the GIA is shown passing through the anus and up the original rectum, 
the other through the anastomosis just described into the colon lying behind the rectum. (B) 
The same thing can be accomplished in the reverse direction by placing the limbs of the GIA 
from above, one limb through the rectum and the other through the colon through a stab 
wound. (C) In either case the result is a complete division of the entire septum between the 
rectum and the colon and the remaining opening is closed manually with sutures. (D) Shows 
the completed procedure with the anastomosis showing in transparency. The spur, the principal 
technical problem in the Duhamel operation does not exist and the need for applying crushing 
clamps to the septum, until sloughing allows them to fall away, has been eliminated. 
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Fic. 13. Anterior re- 
section of the rectum. 
(A) The mesentery is 
mobilized with the LDS 
and the proximal bowel 
transected with the GIA. 
If the distal limit of the 
resection is to be low it 
will not be possible to 
employ the GIA for tran- 
section and stapling of 
the distal end and one 
may then staple the rectal 
stump with a TA-55 se- 
curing the bowel prox- 
imal to this with an or- 
dinary clamp. (B) turn- 
ing the end of the prox- 
imal bowel down into the 
pelvis and back up again 
as shown, one performs 
essentially a functional 
end to end anastomosis. 
(C) The opening left by 
the withdrawal of the 
GIA is stapled mucosa- 
to-mucosa. (D) The com- 
pleted reconstruction is 
seen. A variety of modi- 
fications have been em- 
ployed to perform a low 
rectal anastomosis with 
these instruments. The 
most obvious is that in 
which the distal end of 
the proximal segment is 
passed down into the 
pelvis beyond the stump 
of the distal segment and 
the limbs of the GIA in- 
serted, (1) into the cor- 
ner of the rectum and 
(2) into the colon, the 
appropriate distance from 
the end of the colon, the 
result being a side-to-side 
anastomosis extending the 
full length of the overlap 
between the proximal and 
distal segments. 


resection with pan-hysterectomy, suturing them with knife or scissors and ligating 
in addition only the uterine vessels. Its use both ends. 

in omentum, mesentery, etc. achieves in a We are inclined to believe that with the 
single step what is normally done by apply- development of stapling instruments, such 


ing two clamps, dividing the tissue between as those described, we are at the threshold 
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of an era of increasing use of more or less 
mechanized methods for gastrointestinal 
surgery. The instruments described are sim- 
ple to use, require less manipulation of tis- 
sues and less trauma to them than is in- 
volved in manual suture, minimize soiling 
and bleeding. The application of the TA 90 
to the stomach, for instance, places 33 su- 
tures at one time, eliminating at a min- 
imum, 33 passages of needle, with the at- 
tendant pulling and hauling of the suture 
through the tissue and the repeated han- 
dling of bowel with forceps. For some op- 
erations and for some operators the saving 
in time may be substantial. Surgeons are 
craftsmen and as such almost automatically 
resent the imputation that a machine may 
do as well or better what they love to do 
manually. However, our experience with 
the devices herein discussed leads us to 
believe that while there will always be a 
place for skill, artistry and manual dexterity 
in surgery, we would no more go back to 
old methods of transection and suture of 
bowel as a routine than we would go back to 
the taking of split thickness skin grafts with 
a free hand knife, as a routine. Obviously 
situations will occur to which the instru- 
ments will not adapt themselves, and one 
will have to rely upon manual suture. 
Equally obviously, one must learn to use 
these instruments as one would learn to use 
a needle and thread. Nor will these instru- 
ments make a virtuoso out of a tyro, or 
make a difficult operation safe for the ill- 
trained. We are convinced they do permit 


competent surgeons to operate more effec- 


tively, for the benefit of their patients. 
The probability is, indeed, that these in- 
struments will be developed, advanced and 
modified in ways not yet foreseen and ob- 
viously that others, possibly based on totally 
different principles, will presently be de- 
vised. We have been impressed by the in- 
genuity of surgeons in adapting the instru- 
ments to special procedures and uses which 
had not been anticipated or envisioned. 


This presentation does not cover a number 
of isolated instances of the solution of spe- 
cial problems with these instruments and 
undoubtedly many more will appear with 
time. 


Summary 


We describe the technics of use in various 
operative procedures upon the gastroin- 
testinal tract of a variety of stapling instru- 
ments for (1) simultaneous double ligation 
and division of vessels, (2) division and 
simultaneous closure of both ends of in- 
testine (3) closure of cut ends of tangential 
incisions in portions of the gastrointestinal 
tract, (4) performance of a variety of anas- 
tomotic reconstructions of the gastrointes- 
tinal tract. 

We consider the precision of suture and 
division and the decrease in trauma to be 
the principal advantage of these instru- 
ments, with their associated prevention of 
bleeding and soiling, and resultant faster 
healing. However we are not unmindful of 
the time saving involved. 
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DISCUSSION 


Dr. WarxER REvNorps, Jr. (Anniston): Dr. 
Ravitch and Dr. Steichen have done the pioneer 
work in this field which led me to my interest in 
it some 3 years ago. I have now done some 45 pro- 
cedures using these instruments. 

Before I present some other technics, in addi- 
tion to those Dr. Ravitch has shown, I would like 
to pose one question for answer later, and that is: 
When do they use secondary sutures to reinforce 
the staple line? 

This is a most versatile instrument, the GIA, 
[slide] and I would like to show you the simple 
operation of appendectomy. It is a large instru- 
ment for a small appendage. However, you get a 
bonus. You get the mesoappendix with it. How- 
ever, you should not depend on getting the 
appendiceal artery. It should be ligated individ- 
ually. 

[Slide] This shows the appendix being severed 
at the appendicocecal junction with a very clean 
cut; no spillage, no chance for stump syndrome. 
` A number of Lembert sutures have been added. 
This shows too many. Only two or three are 
needed and you have a very neat appendectomy. I 
have done this in 13 patients. I do not do it all 
the time. It is an exceptionally good instrument 
to do a Meckels’ diverticulum of which Y have 
done one. 

[Slide] You have heard the reverse gastric tube 
discussed, and you have heard all about the dif- 
ferent ways to stop the dumping syndrome. I 
have recently used a new method to prevent the 
dumping syndrome by creating a gastric tube. I 
stumbled on this accidentally in trying to remove 
a very large, massive adenocarcinoma in a 60- 
year-old man, a carcinoma of the stomach. By 
using my GIA stapler to cut my pattern, I ended 
up with a tube on the greater curvature, and 
had to transect the duodenum, so I decided to do 
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a Billroth I. The patient did so well, there was 
no dumping and he gained weight (I saw him last 
week). Fifteen months after operation he weighs 
32 pounds more than he did at time of surgery, 
and is doing well from the standpoint of the GI 
tract—no dumping whatsoever. 

So with this in mind we decided to go into 
peptic ulcer disease, with its complications. The 
next slide [slide]—is an actual drawing made of 
the first patient. This was a drawing of his actual 
x-ray film before operation. I went to a point mid- 
way on the greater curvature, and went 5 cm. 
down the length of our GIA stapler and decided 
that I would make a 3 cm. tube. 

[Slide] This shows the actual tube being formed 
on the greater curvature side, with a 3 cm. mea- 
surement, with forefinger inserted to be sure I 
had ample room. 

[Slide] This shows the same thing looking at it 
with the staple line going on up the lesser 
curvature, which I will reinforce. This GIA has 
a short staple—as Dr. Ravitch mentioned, and 
you have to overlay when you are working in the 
stomach. 

[Slide] We are now firing the GIA stapler 
superiorly toward the left gastric artery. We 
have tried to follow, before we started this, the 
antrectomy-vagotomy described by Scott, Sawyers 
and Herrington, and this, you might say, is a 
modification of their operation. 

[Slide] This view looks down from above, but I 
also use a gastrojejunal catheter. I do not think I 
would try it without the catheter, because they 
must be tube fed after operation, and I like to 
have suction in case vagus atony occurs. 

[Slide] This shows the completed procedure, 
and the next will show [slide] the anatomosis. This 
is a closeup of the stomach tube on the right, the 
duodenum on the left, coming on into a con- 
ventional closure. 


TECHNICS OF STAPLE SUTURING 837 


[Slide] This is the final tube, as you see, formed 
there. We have used this now in three patients. 
The first was done 11 months ago for peptic dis- 
ease—intractability. I saw this patient recently. 
He has gained 32 pounds since operation. He 
weighs 15 pounds more than he ever weighed in 
his life. He had gone through 15 or 20 years of 
disabling peptic disease before this operation. He 
works every day now. 

The next man is a 37-year-old man. I was 
only able to follow him for 4 montis. He left town 
after having gained 16 pounds in the 4 months, 
and there was no dumping. 

The last patient was treated 244 months ago. He 
has gained 16 pounds, and is doing very well. 

The last procedure 1 would like to show is a 
lower anterior resection. [Slide] This shows the 
GIA stapler in position. This is very much easier 
to do than hand suturing, because the instru- 
ment will go in where you can not suture by hand. 

[Slide] The instrument has been fired, This is 
a Mikuliez type procedure, and is modeled after 
Dr. Steichen's technic of anastomosis. 

[Slide] This shows an anchoring suture, look- 
ing down from above. 

[Slide] This shows the 'T'A-55 stapler dus off 
the ends of the bowel. 

[Slide] This is the final anastomosis. 

This has been done in two patients, one was 
a 60-year-old lady, at 14 cm., anastomosis at 10 
cm., 36 months ago. I recently checked her; she 
has no sign of recurrence. The other was done 


30 months ago in a man who had a mass the size 
of an orange low in the pelvis. He is doing very 
well. 


Dr. FeLicen M. Sreicuen (Closing): 
Reynolds does not have to apologize to anyone 
for having stimulated him to use these instruments. 


He is doing well on his own and he demonstrates 


so very well the fact that the many usages for 
these instruments which were absolutely not anti- 
cipated are now coming slowly up to the fore. 

His question about reinforcing sutures is one 
that naturally would always concern the person 
who uses the instruments first or only occasionally. 
Initially, when we started this work, we per- 
formed a large number of experimental gastrec- 
tomies and small bowel resections, and used no 
reinforcing sutures in any of them. However, we 
were not courageous enough to transpose this 
experience to patients and initially we reinforced 
all of the duodenal closures, all of the gastric 
closures, and, interestingly enough, only the an- 
terior layer of the gastroenterostomies. 

Little by little we abandoned in patients the 
reinforcing closure of the duodenum and the 
stomach, and ultimately of the gastroenterostomy, 
and now we have performed large numbers of 
gastric resections requiring anastomoses of all 
kinds without any reinforcing sutures. 

Some may feel a certain nostalgia at the passing 
of the thread and needle, I’m sure that surgeons 
will always find things to be done by hand. 


Fistulas Complicating Diverticular Disease 
of the Sigmoid Colon 


BENTLEY P. Corcock, M.D., Fren D. SrAHMANN," M.D. 


From the Department of Surgery, Lahey Clinic Foundation, Boston, Massachusetts 


Ir 15 WELL KNOWN that diverticular dis- 
ease of the colon can lead to many bizarre 
complications. One of the most dificult to 
correct is a persistent fistula, particularly 
an internal fistula. The commonest internal 
fistula is a colovesical fistula, and pneuma- 
turia may be the first manifestation of the 
underlying disease. This communication be- 
tween the colon and bladder must be elim- 
inated before serious infection of the upper 
urinary tract develops. The end result of 
surgical treatment of this will depend to a 
large extent on the judgment and skill of 
the responsible surgeon. His judgment is 
likely to reflect his previous experience and 
knowledge of the behavior of this disease. 
We would like to report the management of 
42, patients with fistulas secondary to diver- 
ticulitis of the colon seen at the Lahey 
Clinic Foundation during a recent ll-year 
period. i 


Data 


During the period from 1957 to 1969, 42 
patients were treated at the Lahey Clinic 
Foundation for a fistula, complicating di- 
verticular disease of the sigmoid colon.*$ 
Fistulas resulting from other conditions, 
such as Crohn’s disease, were not included. 
A total of 64 fistulas was found in these 
patients (Table 1). Thirty-one had single 
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fistulas. Six patients had two fistulas, four 
had thres fistulas, and one had four fistulas. 
There were 22 men and 21 women in this 
series, ranging in age from 38 to 80 years. 
The average age was 62.2 years. Follow-up 
ranged from 1 month to 8 years and aver- 
aged 1.7 years. 


Colovesical Fistula 


Colovesical fistulas were found in 21 pa- 
tients, 13 men and eight women. The non- 
specific symptoms of dysuria and urinary 
frequency were the commonest symptoms 
reported and occurred in ten and eight pa- 
tients, respectively. Pneumaturia was noted 
by nine patients. Fecaluria was noted by 
another seven. Three patients claimed to 
have noted gross hematuria, but hematuria 
was found on urinalysis in only one patient. 
Fourteen patients had either macroscopic 
or microscopic pyuria. Barium enema stud- 
ies were performed in 17 patients. In five, 
the fistula was diagnosed either by visualiza- 
tion or by the passage of barium into the 
bladder. Cystoscopy was performed in 17 
patients. The fistula was identified in seven 
patients, and in nine others there was an 
area of localized inflammation suggestive 
of a fistula. Cystography was carried out in 
six patients, but no fistulas in this group 
were identified by this procedure. In two 
patients, a filling defect was noted in the 
bladder. Intravenous pyelography was per- 
formed in nine patients but was of no aid 
in demonstrating the fistula. 

The fistula was present at operation in 
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12 of the 21 patients. In the remaining pa- 
tients, most of whom had undergone pre- 
liminary colostomy, the sigmoid was ad- 
herent to the bladder, but the fistula was 
not patent at the time of operation. Vesical 
stones were present in two patients. 


Colocutaneous Fistula 


Colocutaneous fistulas were present in 22 
patients. All had undergone previous opera- 
tion for diverticulitis, five at the Lahey 
Clinic and the remainder at other institu- 
tions. Most of these fistulas developed in the 
immediate postoperative period or within 
a few weeks of operation. One exception 
was a fistula that developed through a drain 
scar in a patient who had undergone inci- 
sion and drainage of an abscess 9 years 
earlier. The external opening of the fistula 
was through an abdominal incision in 11 
patients and through a drain site in four 
others, In two patients the fistula was at 
the site of a cecostomy which failed to heal. 

Barium enema examination which was 
performed in 11 patients demonstrated fis- 
tulas in five. Sinography which was per- 
formed in three patients identified the origin 
of the fistula in all three. At the time of 
operation, eight of these fistulas were noted 
to have originated at an anastomotic line. 


Colovaginal Fistula 


Colovaginal fistulas were found in seven 
women in our series. All seven had vaginal 
discharge. In five patients the discharge was 
described as purulent; in the other two it 
was fecal in character. Four had a mass that 
was palpable on pelvic examination. An- 
other had an abdominal mass. In three of 
the seven patients, the fistula was visible 
on vaginal speculum examination. Barium 
enema examination which was performed 
on five patients demonstrated fistulas in 
three. Proctoscopy was unrewarding in 
demonstrating the fistula. The fistula was 
patent at operation in five patients. 


TABLE 1. Fistulas Seen at ihe Lahey Clanic— 
1957 to 1969 


Type Number 
Colovesical 21 
Colocutaneous 22 
Colovaginal 
Coloenteric 
Colovaginal-enteric 
Colouterine 
Colocolonic 
Perianal 
Salpingosigmoidai 
Coloureteral 
Ileovesical 
lieocutaneous 
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Total 


Coloenteric Fistula 


Coloenteric fistulas involved the ileum in 
six patients in our series. All six patients 
had other fistulas in addition to the coloen- 
teric one. With the exception of one patient 
who complained of diarrhea, these patients 
did not have symptoms referable to the 
coloenteric fistula itself. Barium enema ex- 
aminations were performed in five patients 
and demonstrated a fistula to the small 
bowel in two. In another patient there was a 
blind fistula. Fistulas were seen at operation 
in all six patients. Two additional patients 
with complicated diverticular disease had 
fistulas that involved the small bowel. One 
patient, who has been previously reported? 
had multiple internal and external fistulas. 
Several were ileocutaneous fistulas. Another 
patient had pyuria and fecaluria. At opera- 
tion the patient had an ileovesical fistula as 
well as colovaginal and coloenteric fistulas. 


Unusual Fistulas 


One of the most serious of all complica- 
tions of diverticulitis is the development of 
a secondary fistula with the small bowel, 
usually the ileum, in a patient with a colo- 
vaginal fistula. The proximal colostomy that 
is performed to stop fecal discharge from 
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the vagina is now useless. It is completely 

bypassed by the communication of the 
small bowel with the vagina. The one pa- 
tient with this type of fistula was admitted 
in very poor condition as a result of severe 
fluid and electrolyte imbalance secondary 
to the profuse discharge of small bowel 
content from the vagina. The patient also 
had marked excoriation of the perineum 
and thighs. 

We had one patient with colouterine fis- 
' tula. This patient, a 59-year-old woman, 
complained of purulent vaginal discharge 
and a sensation of pressure on voiding. 
Pelvic examination revealed an adnexal 
mass on the left side. Barium enema ex- 
amination showed diverticulitis and a mass 
extrinsic to the sigmoid that was believed 
to be an abscess. A preliminary colostomy 
was performed. After the inflammation had 
subsided exploration was performed and an 
abscess was found, which communicated 
with the sigmoid colon and the fundus of 
the uterus. 

We have seen one colocolonic fistula in 
a 57-year-old woman who also had fistulas 
to the small bowel and to the vagina. This 
colocolonic portion involved the sigmoid 
and the descending colon. 

Another patient was referred to the 
Lahey Clinic Foundation with a perianal 
fistula that had persisted despite several 
attempts at surgical excision over a 3-year 
period. Barium enema examination showed 
active diverticulitis, and a three-stage resec- 
tion of the sigmoid was performed. The 
perianal fistula subsequently healed. The 
patient has been followed for 6 years and 
has had no recurrence of the fistula and no 
evidence of other inflammatory disease of 
the bowel. . 

One salpingosigmoidal fistula was found 
in a 73-year-old woman. The patient pre- 
sented with an acute perforation of a sig- 
moid diverticulum, and a diverting colos- 
tomy was performed. When the sigmoid 
resection was performed as a second stage, 
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a fistula was identified between the sigmoid 
and the left fallopian tube. A left salpingo- 
oophorectomy was carried out en bloc with 
resection of the involved sigmoid. 

One patient in this series had a colo- 
ureteral fistula, which developed after op- 
eration. This 72-year-old woman presented 
with an acute perforation, and a sigmoid 
resection was performed in two stages. Sub- 
sequently an anastomotic leak developed. 
Large quantities of clear fluid, apparently 
urine, began to drain through the rectum. 
Methylene blue given orally appeared in 
the fluid. Chloramphenicol-induced throm- 
boeytopenia developed later, and the pa- 
tient died from hemorrhage. At necropsy 
a fistula was demonstrated from the colonic 
anastomosis to the left ureter. 


Treatment 


Ten patients with a total of 16 fistulas 
were treated by resection of the involved 
colon and excision or closure of the fistula 
in a single stage. Eighteen patients with 28 
fistulas underwent three-stage procedures 
with a preliminary diverting colostomy, fol- 
lowed by resection with closure of the colos- 
tomy as a final stage. Six patients with nine 
fistulas were treated by operation in two 
stages. 

In four patients complications related to 
the diverticulitis required additional opera- 
tion (that is, incision and drainage of an 
abscess) but were eventually cured of di- 
verticulitis, Two patients developed recur- 
rence of this fistula ( one colovesical and one 
colovaginal) and were reoperated upon. In 
two patients a colocutaneous fistula devel- 
oped following operation. In one of these 
patients the fistula healed with the help of 
a temporary colostomy, and in the other the 
involved segment of colon was resected 
again. 

Many patients in this series with post- 
operative fistulas had already undergone re- 
section of the sigmoid. In some it was neces- 
sary to resect more of the involved colon. 
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Four were treated without further resec- 
tion. One required only excision of the fis- 
tula and closure of the colon. Three under- 
went proximal colostomy, which was closed 
after the fistula had healed. The final pa- 
tient in this series received no treatment for 
the coloureteral fistula which was diagnosed 
at necropsy. 


Mortality 


There were three deaths in this series. One 
patient died of chloramphenicol-induced 
thrombocytopenia with hemorrhage. The 
second (age 65) died of pneumonia follow- 
ing colostomy only, The third, a woman of 
76, died after colostomy for a colovesical 
fistula. 


Discussion 
Incidence 


Formation of fistula is a common com- 
plication of diverticular disease of the sig- 
moid colon and occurs in about one fifth of 
the patients with diverticulitis who undergo 
operation (Table 2). A colovesical fistula is 
the most frequent internal fistula seen ( Ta- 
ble 3). A colocutaneous fistula is also a rela- 
tively common occurrence after operation 
for diverticulitis. A fistula secondary to the 
inflammatory process in the colon may in- 
volve any organ in the pelvis, including 
other parts of the colon, uterus, fallopian 
tube, ureter, and perineum. Patients with 
severe disease may have multiple fistulas, 
both internal and external. Three-way fis- 
tulas involving colon, uterus, and bladder 
or colon, small bowel, or vagina can occur. 


. Colovesical Fistula 


Colovesical fistulas account for about half 
of all fistulas associated with diverticulitis. 
Three quarters of these fistulas occur in 
men (Table 4). One explanation given for 
the lower incidence in women is the pro- 
tection afforded the bladder by the uterus 
and the broad ligaments, Another reason is 
that in men an anterior fistula can only in- 


TABLE 2. Incidence of Fistulas in Operated Cases of 
Diverticulitis from Reported Series 


Operated Fis- 


Author, Year Cases tulas 
Mayo and Blunt, 195076 202 81 
Pemberton et al., 1947 144 61 
Bacon and McGregor, 1961} 257 27 
Colcock, 19686 163 23 
Ponka and Shaalan, 19643 120 21 
Rodkey and Welch, 1965% 200 20 
Levy ei al., 1967 104 15 
Giffin et al., 19671? 170 14 
Romsdaàl and Cole, 196335 44 il 
Ransom, 19543 37 10 
Kratzer and Hernandez, 1970'8 44 7 
MacGregor ef al., 1970” 70 6 

Total 1,555 296 (19.0%) 


volve the bladder, while in women it may 
enter the bladder, uterus, or vagina. 

The most important symptoms of colo- 
vesical fistulas are pneumaturia and fecal- 
uria. The passage of air or fecal material in 
the urine is diagnostic of intestinovesical 
fistula and is often the symptom that brings 
the patient to his physician. It is interesting 
to note that either fecaluria or pneumaturia 
was noted by six of the eight women in our 
series. Passage of urine through the rectum 
has been reported but is not common in the 
absence of bladder outlet obstruction. Many 
patients with colovesical fistulas will have 


TABLE 3. Type of Fistula in Reported Series* 


Type Number Per Cent 
Colovesical 131 53.3 
Colocutaneous 71 31.3 
Coloenteric 25 10.2 
Colovaginal 4 1.6 
Colocolonic 
Colouterine 2 
Colouterovesical 2 3.7 
Coloureteral i 
Coloperineal 1 

246 


* The type of fistula wes not specified in 50 cases 
from Table 2. 
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TABLE 4. Colovesical Fistula from Diverticulitis— 
Sex Incidence 








Author, Year Men Women 

Mayo and Blunt, 195026 39 7 
Pennington and Plumb, 19649 31 11 
Gillett and Pheils, 1970" 27 8 
Bacon and McGregor, 1961! 17 3 
Lahey Clinic 13 8 
Pugh, 19642? 12 1 
Hughes, 196516 11 3 
Ward et al., 197098 10 8 
Lockhart-Mummery, 19582! 9 3 
Henderson and Small, 19691 9 2 
McSherry and Beal, 1962? 8 3 
Hafner eż al., 19628 8 2 
Heslop eż al., 196815 8 2 
Firfer and Maganini, 1970° 7 3 
Best and Davis, 1969? 1 3 

210 67 


(75.8%) (24.2%) 


Men to women = 3.1 to 1. 


symptoms related to urinary tract infection 
that the fistula produces. Dysuria and uri- 
nary frequency are frequent complaints. 
Many patients give a history of repeated 
urinary tract infection. 

Barium enema examination will often 
confirm the diagnosis. Lateral, oblique, and 
films after evacuation should be obtained. 
One should note the segment of the colon 
involved by the diverticulitis and the pres- 
ence of abscesses, obstruction, or perfora- 
tion. 

Although a proctoscopic examination is 
usually of little aid in diagnosing the pres- 
ence of the fistula, it should always be done 
to eliminate carcinoma of the rectum and 
rectosigmoid. 

Cystoscopy is also a valuable tool in the 
diagnosis of colovesical fistula, both to 
identify the fistula and to eliminate car- 
cinoma of the bladder as a cause of the 
fistula. Sometimes the fistula itself may be 
visualized. In other instances it may be 
identified by observing the passage of air 
or fecal material into the bladder. It has 
been suggested that injection of air into 
the rectum with a proctoscope will aid in 
identifying the fistula. Even when the fis- 
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tula opening is not seen it may be suspected 
because of the presence of a localized area 
of inflammation of the bladder mucosa. This 
usually appears as an area of bullous edema 
surrounded by hyperemic mucosa. If the 
diagnosis is not clear or if malignancy is 
suspected, a biopsy specimen should be 
taken. Even if this should convert an in- 
cipient fistula into an actual fistula, car- 
cinoma must be excluded. Resection is in- 
dicated for both, but the presence or ab- 
sence of malignancy has direct bearing on 
the timing and extent of the operation. 
While we have not found cystography to 
be of great help in the diagnosis of colo- 
vesical fistula, others have found this pro- 
cedure to be useful. Ward et al.” demon- 
strated the fistula by cystography in four of 
18 patients. 


Colocutaneous Fistula 


Colocutaneous fistula occurs almost ex- 
clusively as a complication of operation. 
Spontaneous colocutaneous fistulas are rare. 
Mayo and Blunt ** reported a single spon- 
taneously occurring fistula in 27 colocuta- 
neous fistulas. Rodkey and Welch è% re- 
ported four colocutaneous fistulas before 
operation. Colocutaneous fistulas occur in 
about 8 per cent of patients who have 
undergone operation for diverticulitis ( Ta- 
ble 5). The incidence is lowest in patients 


. undergoing elective operation with well- 


prepared bowel and little active inflamma- 
tion. The incidence is higher when opera- 
tion is performed in the presence of acute 
perforation or abscess. In our series eight 
fistulas occurred after resection and anas- 
tomosis as a single stage in the presence of 
acute inflammation. 

Records have been examined of the two 
patients in this series in whom a colocuta- 
neous fistula developed as a postoperative 
complication after resection of the initial 
fistula. 

One 74-year-old man underwent colos- 
tomy for a colovesical fistula. At the second 
operation, despite the fact that an abscess 
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was still present at the site of the fistula, 
the colostomy was closed at the same time 
as the resection and anastomosis. This was 
done in an attempt to reduce the three- 
stage procedure to two. It led, instead, to a 
significant increase in morbidity. The sec- 
ond patient was a 76-year-old man who had 
a resection of a colovesical fistula. Because 
an abscess was associated with the fistula 
(as it usually is) a complementary proximal 
colostomy was performed. Four months later 
the colostomy was closed. Seven days later 
a colocutaneous fistula developed through 
the original laparotomy incision. The anas- 
tomosis had failed to heal properly despite 
the presence of a colostomy. Again, the 
total morbidity considerably exceeded a 
classic three-stage procedure. It is poor 
judgment to attempt an anastomosis when 
active inflammation is present at the suture 
line. A leak followed by a colocutaneous 
fistula often results. 

Madden ** reported seven postoperative 
fistulas in 16 patients undergoing single- 
stage resections for acute perforation. Five 
patients seen at the clinic because of a colo- 
cutaneous fistula had had incision and 
drainage of an abscess. Killingback '* re- 
ported 14 colocutaneous fistulas in 49 pa- 
tients in whom incision and drainage was 
performed without proximal colostomy. 
Mayo and Blunt ?* reported 24 fistulas in 
26 patients after simple incision and drain- 
age. Incision and drainage is not an ade- 
quate procedure for the treatment of ab- 
scesses caused bv diverticulitis. 

The diagnosis of colocutaneous fistula is 
usually apparent from the history and the 
presence of a cutaneous fistula. Barium 
enema study is useful in demonstrating the 
cause of the fistula, and sinography may be 
helpful when the origin of the fistula is 
obscure. 


Coloenteric Fistula 


Coloenteric fistulas comprise about 10 per 
cent of the fistulas associated with diver- 
ticular disease. The great majority involve 
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TABLE 5. Incidence of Postoperative Coloculaneous 
Fistulas in Reported Series 


Author, Year Patients Fistulas 


Mayo and Blunt, 195025 202 27 
Rodkey and Welch, 1965% 200 4 
Giffin s al., 19671? 170 4 
Parks and Connell, 1970: 138 E 
Levy et al., 1967 104 3 
Larson ef al., 1963" 94 4 
Ponka and Shaalan, 196431 86 > 
Madden, 19662 45 7 
Kratzer and Hernandez, 1970!5 44 5 
Romsdahl and Cole, 196355 44 3 
Ransom, 19545 37 1 

Total 1,164 67 

(5.8%) 


the ileum. However, instances of sigmoido- 
jejunal fistulas have been reported by Mar- 
shak and Eliasoph *» and Pemberton et al.?° 

Most patients with coloenteric fistulas 
have complicated diverticulitis with multi- 
ple fistulas and a history of sepsis. There 
may be nothing in the history or finding to 
indicate a fistula, and they are usually first 
identified at operation or on barium enema 
examination. They should be suspected in 
any patient with diverticulitis who con- 
tinues to have a septic course despite a 
proximal colostomy. The coloenteric fistula 
bypasses the diverting colostomy and ren- 
ders it ineffective. 


Colovaginal Fistula 


Colovaginal fistulas secondary to diver- 
ticulitis are not uncommon. They are seen 
more frequently in patients who have pre- 
viously undergone hysterectomy, although 
two of the seven patients in our series had 
an intact uterus. Kratzer and Hernandez 18 
reported a similar case. 

The usual symptom of a colovaginal fis- 
tula is vaginal discharge. Occasionally the 
discharge is the only symptom, and finding 
the cause of the discharge may be difficult. 
One of our patients had been examined and 
treated by several physicians for more than 
a year before the cause of the discharge 
was determined, 
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Careful pelvic examination will often re- 
veal a mass. Speculum examination may 
show the fistula. Bradford? was able to 
identify the source of a colovaginal fistula 
by sinography, a technic that may be useful 
in patients in whom the cause of the fistula 
is not clear. A barium enema study may 
show the fistula. 

The combination of a coloenteric and a 
colovaginal fistula may present an emer- 
gency situation. If the fistulous opening in 
: the small bowel is large, the liquid content 
pouring out of the vagina rapidly leads to 
severe fluid and electrolyte loss as well as 
painful excoriation of the perineum. Resec- 
tion of the small intestinal component of 
the three-way fistula plus a diversion colos- 
tomy, if one is not already present, will cor- 
rect this potentially fatal situation. Later 
the original colovaginal fistula can be re- 
sected and the colostomy closed. 


Colouterine Fistula 


The thick-walled uterus is resistant to 
fistula formation from diverticulitis. In 
women, an inflammatory process in the sig- 
moid more commonly involves the bladder 
or, if lying in the cul-de-sac, the vagina. We 
have found ten colouterine fistulas second- 
ary to diverticulitis in the literature. * 1% 15 
16, 27, 32,38 Three of these involved the blad- 
der as well as the uterus. One fistula in- 
volved the cervical stump in a woman who 
had previously undergone subtotal hysterec- 
tomy.*4 . 

Patients with colouterine fistula usually 
have chronic vaginal discharge, which may 
- be purulent, hemorrhagic, or fecal. If dilata- 
tion and curettage is performed, the spec- 
imen will show inflammatory or granula- 
tion tissue. Pelvic examination often reveals 
an enlarged uterus. A barium enema study 
will demonstrate the diverticular disease, 
but usually does not show the fistula. Smal- 
ley et al.** were able to demonstrate a colo- 
uterine fistula with a hysterogram. The 
diagnosis should be suspected in any patient 
with a persistent vaginal discharge and di- 
verticulitis of the sigmoid colon. The diag- 
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nosis is established at operation in most 
Cases. i a ea 


Colocolonic Fistula 


Fistulas from the sigmoid colon to an- > 
other part of the colon are usually found in 
patients who have multiple internal fistulas. 
Mayo and Blunt ”* reported three coloco- - 
lonic fistulas in 81 fistulas. Sanowski and 
Costello * reported the case of a 57-year- 
old man with a sigmoidocecal fistula asso- 
ciated with two coloenteric fistulas. 


Perianal and Perineal Fistula 


Maingot?* believes that fistulas-in-ano 
develop in patients with well-established 
diverticulitis, and they may be the reason 


for failure of treatment. We have seen only -. 


one instance of perianal fistula that we be- - 
lieve was the result of diverticulitis in the 
past 12 years and could find only one other 
reported in the literature.1® We have, how- 
ever, seen several patients with recurrent 
perianal fistulas and “diverticulitis” who 
were later discovered to have Crohn's dis- 
ease (rather than diverticulitis) involving 
the colon. Crohn's disease should always be 
excluded in these patients. 


Rare Fistulas 

Fistulas to the left ureter are frequently 
mentioned in textbooks but rarely reported. 
Rodkey and Welch ?* reported a single case 
in a series of 20 fistulas as a result of diver- . 
ticulitis. A coloureteral fistula after a sig- 
moid resection for diverticulitis developed 
in one of our patients. We have seen one 
salpingosigmoidal fistula. Although colo- 
cutaneous fistulas to the anterior abdominal 
wall are common, they may rarely extend to 
the flank. Goldfarb et al? reported one 
fistula caused by diverticulitis that extended 
from the sigmoid to the left buttock. 


Treatment 


Resection of a fistula caused by diver- 
ticulitis may be performed in one or more 
stages. In a patient with a well-prepared 
colon, minimal acute inflammation, and lit- 
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. tle or rio obstruction, a one-stage resection 
may. be performed with little risk and few 
postoperative complications, otherwise a 
staged procedure should be employed. If a 
preliminary colostomy has been performed, 
the fistula may be closed by the time of the 
resection. Experience shows that this spon- 
taneous closure is not secure. Further trou- 
ble is likely to follow closure of the colos- 
tomy without resection of the involved 
colon. | 

The defect in the bladder from a colo- 
vesical fistula is closed by suture after exci- 
sion. of the indurated fistulous tract in the 
bladder wall Catheter drainage is insti- 
tuted. The defect in the vaginal vault from 
a colovaginal fistula may be closed or left 
open for drainage. It will close quickly on 
removal of the drain if no residual inflam- 
mation is present. Colouterine fistulas usu- 
ally require hysterectomy. A colocolonic fis- 
tula usually involves the left colon, and all 
of the involved area should be resected. 

Coloenteric fistulas often present a more 
urgent problem. When a staged precedure 
is indicated, it is necessary to excise these 
fistulas at the first stage. Otherwise they by- 
pass the colostomy and make it ineffective. 
Excision usually involves resection and anas- 
tomosis of that segment of small bowel. 


Comment 


Previous reports of fistulas complicating 
diverticular disease have often failed to dis- 
tinguish those that occur spontaneously 
from those that follow surgical procedures. 
In reviewing our cases we were impressed 
with the fact that only 39 per cent (24 fis- 
tulas) occurred in patients who have had 
no previous operation for diverticulitis. It 
appears that a significant number of these 
fistulas appear, either because of or despite 
surgical treatment. . 

Twelve fistulas develaped in patients who 
had undergone operation for a complication 
of diverticulitis in whom the involved colon 
had not been resected. Seven of these de- 
veloped in patients who had simple incision 
and drainage of abscesses. When the ab- 


scess resolved, nothing further was done. 
Several patients had colostomies performed, 
which were then closed without resection 
after the inflammation had subsided. While 
these procédures seemed to control the 
acute problem, the diseased sigmoid was 
still present and later led to a fistula. 

Twenty-six fistulas developed in the post- 
operative period after operation for diver- 
ticulitis and mày be viewed as complica- 
tions of the operation. Although most of 
these were colocutaneous fistulas, this group 
also included colovesical, colovaginal, colo- 
enteric, and coloureteral fistulas. Nine oc- 
curred after single stage resection and anas- 
tomosis in the presence of acute inflamma- 
tion. Four followed simple incision and 
drainage of abscesses. Six occurred when a 
colostomy was closed at the time of resec- 
tion of the colon. 'The remaining seven fol- 
lowed various staged procedures. 

Those fistulas that occurred spontaneously 
included 17 colovesical fistulas, three colo- 
vaginal fistulas, four colouterine fistulas, one 
coloenteric fistula, one salpingosigmoidal 
fistula, and one perianal fistula. Twelve of 
these patients had prior diagnosis of diver- 
ticular disease, which was either asympto- 
matic or treated medically. This diagnosis 
had been made from 1 to 20 years before 
the fistula developed, with an average of 
6.5 years. 


Summary 


Fistulas are a common complication of 
diverticular disease of the sigmoid colon 
and are seen in about one fifth of the pa- 
tients who undergo operation. Colovesical, 
colocutaneous, coloenteric, and colovaginal 
fistulas are the fistulas most commonly asso- 
ciated with this disease; however they may 
involve any pelvic structure including the 
uterus, fallopian tube, ureter, and other 
parts of the colon. 

While fistulas frequently occur sponta- 
neously, a significant number occur in pa- 
tients who have undergone operation for 
diverticulitis and represent either surgical 
failures or complications of the operation. 
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Prevention of these postoperative fistulas 
depends largely on the judgment of sur- 
geons in choosing between single and mul- 
tiple staged procedures in surgical treat- 
ment for complications of diverticulitis. 
Earlier operation for patients with recurrent 
diverticulitis might have avoided many of 
those fistulas that were spontaneous in 
origin. 
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Massive Hemorrhage from Diverticulosis of the Colon: 


Guidelines for Therapy based on Bleeding Patterns 
Observed in Fifty Cases 


Henter H. McGume, Ja, M.D., Bovo W. Haynes, JR, M.D. 


From the Department of Surgery, Medical College of Virginia, Virginia Commonwealth University, 
Richmond, Virginia 


ALTHOUGH FIRST REPORTED in 1927 * only 
in the past 20 years have colonic diverticula 
been generally accepted as a source of mas- 
sive hemorrhage. During this period of time 
diverticular bleeding has been seen in 
angiograms ^* and at laparotomy,* * 18 and 
the characteristic pathologic changes have 
been defined (Fig. 1). The offending di- 
verticula have usually escaped precise iden- 
tification by surgeons for reasons of safety 
and by pathologists for reasons of economy. 
Nevertheless, we now agree that colonic 
hemorrhage occurs from diverticula when 
clotting is normal and all other gastrointes- 
tinal lesions have been excluded. 

Surgeons also agree that diverticular 
hemorrhage will often stop when the patient 
and his colon are put at rest. There is little 
agreement, however, on the frequency of 
persistent bleeding and the danger of recur- 
rent hemorrhage. Thus we find disagree- 
ment on the indications for surgical inter- 
vention and on the magnitude of operation 
required. Taylor and Epstein?" and Rigg 
and Ewing *+ represent one extreme stating 
that operation should rarely be performed 
for diverticular hemorrhage. Ash and Marko- 
witz? on the other extreme advocated op- 
erative surgery for any episode of bleeding 
which requires transfusion. Albo et al? 
favor colotomies and segmental resections, 
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while most recent authors tend to favor total 
abdominal colectomy.*: 11; 18 18, 20, 24, 26, 29 

In hope of resolving these conflicts we 
studied the behavior of patients admitted 
to the Medical College of Virginia Hospital 
since 1952 with life-threatening diverticular 
hemorrhage. Our purpose was to determine 
the safety of medical therapy, its chance of 
success, and the need for and effectiveness 
of surgical treatment. 


Material 


Of 1,593 patients with diverticulosis only 
50 (3.1%) had active, life-threatening bleed- 
ing. A 5 per cent incidence is reported by 
others? who defined massive hemorrhage 
less strictly. We define massive hemorrhage 
as the passage of red blood insufficient vol- 
ume to require transfusion. Fifty-four per 
cent of our patients were in shock. Thirty- 
eight per cent were not in shock but hemo- 
globin levels were depleted by at least 3 
Gm./100 ml. Eight per cent who were not 
in shock required transfusion to sustain 
hemoglobin levels over 10 Gm./100 ml. 
They received an average of 2,540 cc. blood 
transfusion per admission. 

In each instance other sources of bleeding 
were excluded by nasogastric aspiration, 
proctoscopy, upper gastrointestinal x-rays, 
barium enema x-rays and clotting studies. 
Cases were deleted if other sources of ab- 
normal bleeding appeared during the years 
of follow-up. Among patients in whom di- 
verticular hemorrhage was diagnosed orig- 
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inally, one subsequently developed rectal 
cancer, one had gastric ulcer, and one bled 
up to 500 cc. per hour from a cecal polyp. 
Such case prove the necessity of searching 
for other diagnoses each time bleeding 
recurs, 

Ages ranged from 44 to 85 years (average 
67.7), and there were twice as many women 
as men. All were observed to pass red 
blood, Only five of fifty hemorrhages were 
associated with pain. Seven had radiologic 
evidence of diverticulitis which was con- 
firmed histologically in three of 15 patients 
in whom colon was resected. 

Diverticulosis involved the entire colon 
in half of these patients. In almost half, di- 
verticula were confined to the left colon 


TABLE 1. Distribution of Diverticula and Location 


of Bleeding Points 
Bleeding Localized to: 
No. ———— 
Extent of of Un- 
Diverticulosis Cases Right Left Both known 
Entire colon 23 4 3 1 15 
Transverse through 
sigmoid 17 2 15 
Sigmoid only 4 1 3 
Hepatic flexure 1 1 
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Fig. 1. Diver- 
ticulum of ascend- 
ing colon with a 
horn-like thrombus 


mucosal artery in 
its base, illustrating 
pathologic changes 
described as char- 
acteristic by Sorger 
and Wacks.™ 


^ L) 
~> 


oe age 





- g 
E à - « 
x ky A à ? . ae x _> Ehe. dissi: 
gq $ * me 2 3 z 
" - +, « - 
e axis. es” x i : 
PEE. P X A "ER do hon E WEN ^. - ^ € oret 


(Table 1). In 39 patients the bleeding 
ceased before the source or level could be 
identified. If the bleeding segment was 
either seen or inferred from therapeutic 
response, and compared to the total dis- 
tribution of diverticula, it appeared that all 
diverticula held equal likelihood of bleed- 
ing, regardless of location. In patients in 
whom the entire colon was involved and 
the area of bleeding could be determined, 
five bled from the right colon and four from 
the left. In one patient angiography showed 
a site of hemorrhage to be in the sigmoid 
colon (Fig. 2). After transfusing 18 units of 
blood in 2 days, the sigmoid colon was re- 
sected. Further exploration revealed distinct 
hemorrhage from two separate cecal diver- 
ticula. Thus, it is possible for diverticula in 
widely separated areas of the colon to bleed 
simultaneously. 


Bleeding Patterns 


In most instances bleeding began sud- 
denly cn the day of admission, although 
a few patients bled intermittently for as 
long as 2 weeks prior to admission. There 
appeared to be no correlation between the 
duration of bleeding prior to admission and 
the pattern of bleeding after admission. 


HEMORRHAGE FROM COLON DIVERTICULOSIS 


Fic. 2A. Selective mes- 
enteric angiograms one 
second after injection in 
a 59-year-old nurse who 
required 8,000 cc. blood 
in the previous 48 hours. 


‘There was no apparent correlation between 
the duration of preadmission hemorrhage 
and volume of blood ultimately required, 
except in two patients who had bled for 2 
weeks before admission. 

Following admission to the hospital 
bleeding followed one of three patterns. In 
the first, bleeding stopped promptly when 
the patient was put to bed. Twenty-four 
patients stopped on arrival, three within the 
first day and two within 72 hours. The aver- 
age blood replacement was 1,350 cc. for the 
entire hospital stay. Not any of these pa- 
tients were operated upon. One patient died 
of pulmonary embolus 3 weeks after admis- 
sion. Six were later readmitted for recurrent 
massive hemorrhage. In none was the re- 
currence fatal, and in only two was opera- 
tion performed. 

In the second pattern there were ten pa- 
tients who stopped bleeding within the first 
24 hours, but who experienced recurrent, 


Fic. 2B. Ten second 
lms interpreted as show- 
ing bleeding into the prox- 
imal sigmoid colon at 
the level of the left iliac 
crest. At exploration ac- 
tive bleeding was ob- 
served from two separate 
cecal diverticula. 








intermittent hemorrhage while still in the 
hospital. They required an average of 2,400 
cc. of blood transfusion. None died. Four 
were operated upon, and one rebled a year 
later. Of six not operated upon, only one 
rebled. 

The third pattern included 11 patients in 
whom hemorrhage continued unabated un- 
tl operation was performed. Four under- 
went exploratory operation on the first day 
after receiving between 2,000 and 9,000 cc. 
of blood apiece (average 4.375 cc.). Six 
underwent operation on the second day 
after each received 1,000 to 8,000 cc. of 
blood (average 1900 cc./patient/day ). One 
received 1,000 cc. of blood per day for 2 
weeks, at which time bleeding stopped coin- 
cidentally with the performance of a trans- 
verse colostomy. Four patients in this group 
died as a result of surgical delay or inade- 
quate procedures. Of seven survivors one 
experienced mild rebleeding. 
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TABLE 2. Operations for Diverticular 
Hemorrhage at MCV 
Per- Re- 
Operation formed Died bled 
Exploration only 1 0 1 
Colostomy 4 0 3 
“Blind” partial colectomy 5 1 2 
Partial colectomy or ligature 
for visible bleeding 6 Í 0 
Total abdominal colectomy 4 2 0 
20 4 6 


Of 32 patients who survived the first mas- 
sive hemorrhage without operation, seven 
required later admissions for second mas- 
sive hemorrhages. In three the colon was 
resected. Of four patients with recurrences 
not surgically treated, two had three life 
threatening hemorrhages. None died which 
suggests that risk of a first recurrence is 
22%, but after one recurrence the risk of 
a third hemorrhage is 50%. 


Operations 


Twenty operations were performed on 17 
patients (Table 2). Five procedures were 
performed electively because of recurrent 
massive hemorrhage which had stopped 
spontaneously. Fifteen emergency opera- 
tions were performed for persistent hemor- 
rhage. Patients operated upon on the first 
day of hemorrhage required 3,000 to 6,000 
cc. of blood per day. Patients operated upon 
after 2 days of bleeding were receiving 
blood at the rate of 1,000 to 4,000 cc. per 
day. 

Six different procedures were followed. 
One patient who underwent exploratory 
operation rebled postoperatively but sur- 
vived. Colostomies were performed in four 
patients and three rebled, resections were 
done later. 

In five instances the portion of the colon 
thought on the basis of x-ray to be most 
involved with diverticulosis was resected 
without visualizing a bleeding point. Two 
sigmoid resections and three hemicolec- 
tomies were performed. Three patients were 
apparently cured. One suffered three mas- 
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sive recurcent hemorrhages but survived. 
One rebled and died. 


In six operations the surgeons were able - 


to localize bleeding: four times to half of ` 


the colon and twice to individual diver- 
ticula. Five instances were treated by hemi- 
colectomy and one by ligature. Bleeding 
was arrested in all six patients, but one 
with hemizolectomy died as a result of pre- 
operative shock and surgical stress super- - 
imposed on Laennec's cirrhosis. 

Four total abdominal colectomies were 
performed with anastomosis of the terminal 
ileum to the distal sigmoid colon. Two pa- 
tients in 1956 died as a result of prolonged 
preoperative shock. Two subsequent pa- 
tients with total colectomies survived with- 
out rebleeding, diarrhea or any other com- - 
plications. 


Discussion 


In many patients diverticular bleeding is 
mild and hospitalization is indicated only 
for observation and confirmation of diagno- 
sis. This discussion is limited to those pa- 
tients who require life-saving transfusion. 

In our series the duration of hemorrhage 
prior to admission was usually brief and of 
no value in predicting which patients would 
stop bleeding and which would require 
operation. 

In 70% of these patients bleeding stopped 
spontaneously, and of these only 22% ex- 
periencec. massive recurrences. After one 
recurrence the chance of a third attack rose 
to 50%. These figures are in close accord 
with previously published reports (Tables 
3A and 3B) and collectively form a valid 
basis for predicting group behavior. Because 
the likelihood of persistent hemorrhage and 
the danger of recurrence are so small, there 
is no question that every patient should be 
given a reasonable opportunity to stop 
bleeding spontaneously. Elective operation 
is indicated only after a second massive 
hemorrhage when the patient can tolerate 
removal of all diverticula. 

Thirty per cent of these patients con- 
tinued to bleed and underwent emergency 
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TABLE 3A. Treatment of Dsverlicular Hemorrhage 


Author Date Total Cases 
Rushford 1956 31 
Keith 1957 19 
Earley 1959 23 
Ross 1960 20 
Quinn 1961 103 
Noer 1962 16 
Hartley. 1964 13 
Griffin 1967 28 
Ash 1967 19 
Olsen ' 1968 — 
Tagent 1969 6 
Klein 1969 -— 
Taylor 1969 73 
Adams 1976 22 
Ramanath 1971 | 100 

Total 473 


operation with a 27% mortality rate. These 
figures are also similar to most reported 
series (Tables 3A and 3B). Our deaths, like 
those reported elsewhere, were related to 
procrastination or inadequate resection. 
Thus the surgeon's first task is to identify 
as soon as possible those patients who will 
need operation to stop the bleeding. In re- 
viewing our experience, it appears that no 
additional operations would have been done 
and no lives might have been lost had the 
correct procedure been performed (1) on 
the.first day in those patients who are ac- 
tively after 2,000 cc. of blood by transfusion, 
and (2) on any subsequent day if bleeding 
actively and requiring 1,000 cc. of blood/ 
day. We suggest these bleeding patterns as 
guidelines for selecting patients for emer- 
gency operation. 

The.surgeon's second task is to select the 
appropriate operation for those patients 
who continue to bleed. Procedures such as 
simple colostomy and segmental or hemi- 
colectomy without seeing the source of 
bleeding are rarely appropriate. In our 
series and in those previously reported 
(Tables 4A and 4B) operation without re- 
moving the bleeding site resulted in unac- 
ceptable mortality and recurrence rates. 

Our experience and that of others in- 
dicates that mortality and recurrence is rare 


# 


851 
Conservative Surgical 
Deaths Rebled # Deaths Rebled 
1 2 0 0 0 
0 — 0 0 0 
1 2 7 2 1 
0 — 4 0 — 
4 23 25 3 1 
4 0 11 2 1 
0 2 3 2 0 
0 — 12 0 3 
Q 0 19 4 m= 
— — 14 4 — 
0 2 1 0 3 
— — 16 2 6 
2 4 17 8 — 
Ü 4 2 0 0 
0 31 18 3 8 
12 70 149 30 23 


when the bleeding site is identified at opera- 
tion and either resected or suture ligated. 
There have been reported, however, three 
recurrences and four deaths (Table 4A) 
when non-bleeding diverticula bearing colon 
was left behind. Such problems might be 
anticipated, since we have shown that all 
diverticula are equally apt to bleed, regard- 
less of location in the colon, and that widely 
separated diverticula may bleed simulta- 
neously. This observation, then, casts some 
doubt on the value of any attempt to locate 
the site of bleeding either by angiography 
or by colotomies and tapes. 

We conclude that for the very few pa- 
tients who need operation for diverticular 
hemorrhage, the only acceptable procedure 
is one which will remove all diverticula- 
bearing colon. Preoperative barium enema 
x-rays and the distribution of diverticula 
observed at laporotomy are the only reliable 
guides to extent of resection. Half of the 
patients who require operation will need 


TABLE 3B. Results of 473 Cases Reported 1956 to 1971 





Conservative Surgical 





Total treated 76.7% 23.3% BS 
Death 3.3% 20.1% 
Survive without recurrence 77.6% 71.6% 
Recurrence/survivors 22.4% 28.4% 
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TABLE 4A. Resulis of Operations Reported 1957-197 I—(Total /Deatits/ Recurrences) 
Partial Colectomy Total 
Blind or Ligature for Abdominal 
Author Colostomy Resection Visible Bleeding Colectomy 
Young 1/1/0 
Earley 1/1/0 1/0/1 2/0/0 3/1/0 
Ross 4/0/— 
Quinn 1/0/0 1/0/1 11/2/0 4/1/0 
Noer 4/2/0 3/0/1 1/9/0 4/0/0 
Schwartz 2/0/0 
Griffin 3/0/3 3/0/0 6/0/0 
Klein 5/1/3 5/1/3 6/0/0 
Freeark 9/2/9 6/0/0 
Adams 1/0/0 
Gieske 1/9/0 
Ramanath 1/0/1 15/2/7 1/1/— 1/0/0 
Total 7/3/1 41/5/26 24/4/3 34/3/0 





total abdominal colectomy and ileoproctos- 
tomy. This operation should not be con- 
sidered hazardous. Properly timed, it is as- 
sociated with a very low mortality (none 
reported since 1960) and no recurrence of 


bleeding. 
Summary 


Seventy per cent of patients with massive 
diverticular hemorrhage will stop bleeding 
shortly after admission. They should not be 
operated upon unless massive hemorrhage 
recurs. 

Thirty per cent will continue to bleed 
and require emergency surgical treatment. 
The surgeon must identify these occurrences 
as soon as possible by noting persistent red 
stools and the need for 2,000 cc. of blood 
on the first day or 1,000 cc. daily thereafter. 

The only reliable and safe operation is 


TasLE 4B. Results of Operations Reported 1957-1971 








Recur- 
No. Mortality rences 
Colostomy and 
cecostomy 7 3 1 
Blind resection 41 3 25 
Partial colectomy or 
ligature for visible 
bleeding 21 4 3 
Total abdominal 
colectomy 34 3 0 
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one waich removes all diverticula-bearing 
colon. Half of the patients who require 
operation will need total abdominal colec- 
tomies. 


. Ast, M. J. and Markowitz, M 


í Earley, C. W. 
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DISCUSSION 


Dr. Rupotr J. Noen (Tampa) discussing 
Paper No. 24: Dr. Haynes has given us a beautiful 
presentation of the hazards of diverticular bleeding 
of the colon, and I find myself in complete agree- 
ment with everything he says. I am in greater 
agreement with what he says than with one or 
two statements about hemicolectomy in the ab- 
stract in the program. 

The simultaneous bleeding from two or more 
diverticula, which the authors have shown so 
beautifully, is an additional indication for removal 
by subtotal colectomy. The patient which stimu- 
lated our initial report before this Association 
from the University of Louisville some years ago 
was a patient who had a left colectomy, rebled 
two days later, had a right colectomy, and died 
subsequently. Probably this is an example of the 
patient who was originally bleeding from both 
sides of the colon, as Dr. Haynes has pointed 
out, and most of us who had anything to do with 
this patient have since felt that, had she had a 
subtotal colectomy and ileoproctostomy at the 
initial operation, she would have survived. 

Within 3 years of that time we encountered 
two other examples of this problem. In each 
we resected the half of the colon which was 
bleeding, the other half being apparently free of 
diverticula, only to have both of these patients 
come back Jater with recurrent hemorrhage. One 
was brought to the emergency room, exsanguinated 
from a bleeding diverticulum of the right colon 2 
years after the left colectomy; the other one also 
suffered a massive hemorrhage fram the remaining 
right colon though not as severe as the first. 

Rives and others pointed out before this As- 
sociation many years ago that, as Dr. Haynes has 
also stated, the patients with diverticular disease 


who bleed massively have but minimal inflam- 
matory reaction. Therefore, it extends the opera- 
tive procedure very little to take out both sides 
of the colon, and there is no good justification 
for doing a hemicolectomy, since the patients will 
survive the subtotal colectomy fully as well, and 
with little greater postoperative difficulty, as a 
rule. 

The subtotal colectomy and ileoproctostomy is 
certainly the procedure of choice in the patient 
with massive diverticular hemorrhage. 


Dr. CuHaAnLEs Ecxerr (Albany) discussing 
both papers: Both papers represent large series 
that have been very well studied, and our experi- 
ence has been by no means as great with either 
of these important complications of diverticular 
disease. 

I wish to emphasize a few points. 

First, in relation to sigmoidal vesicle fistulas, 
examination of the patient in the knee-chest posi- 
tion rather than in the usual lithotomy position 
will frequently reveal the site of the fistula which 
may not have been previously seen on vaginal 
examination. 

We have had several patients with coloenteric 
fistulas who have been treated by transverse 
colostomy without recognizing the true nature of 
the fistula. These patients have had unrelieved 
diarrhea. Transverse colostomy, as Dr. Colcock 
mentioned, will not benefit them since the colos- 
tomy is bypassed by the fistula. For this reason 
thorough studies are important before carrying 
out transverse colostomy. 

Another point to emphasize is the frequent 
absence of intestinal complaints in patients with 
sigmoidal vesicle fistulas. They usually have 
primary urinary tract complaints and are referred 
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to us by urologists who recognize the disease from 
the patient’s history of pneumaturia and dysuria 
and frequently by the results of their cystoscopic 
examination. 

We have also been disappointed by failure of 
the inflammatory process to subside for long 
periods after complete diversion of the fecal stream. 
For this reason we now do more one- and two- 
stage resections without increase in mortality and 
with considerable shortening of the time between 
diagnosis and return to a normal life. 

In relation to Dr. Haynes’ excellent paper, I 
just have several points to emphasize. 

First, our indication for operation is life- 
threatening hemorrhage, and if this is the indica- 
tion for operation, any operation which will not 
control the bleeding is inappropriate. This means 
essentially removal of all diverticula; total colec- 
tomy when necessary. 

Papers continue to appear recommending per- 
formance of transverse colostomy to aid in the 
identification of the site of bleeding. This only 
delays the control of bleeding and is in my opinion 
unjustified. 


Da. James C. THonoucuMaN (Opelika) dis- 
cussing Paper No. 23: While I thoroughly enjoyed 
both papers, I will confine my remarks to that of 
Dr. Colcock. 

He spoke out of his extensive experience, and 
it is always a pleasure for this reason to hear him 
speak on the problems of the colon. 

I wish to emphasize one statement that he 
made: the importance of differentiating between 
cancer of the bladder as the etiological factor in 
a fistula and a diverticulitis. This is not always 
easy to the inexperienced pathologist, or to the 
one who has not been interested in this area. 

The urologist wil at our request do a cysto- 
scopic examination. Very properly, he takes a 
biopsy right in the area of the fistula. Because 
of the irritation of the fistula on the transitional 
epithelium of the bladder, there are certain 
inflammatory changes which to the uninitiated can 
mimic a low-grade carcinoma; and when this 
occurs, and we get a false diagnosis of a carci- 
noma; of course the operative procedure is differ- 
ent, the prognosis is different, and the surgeon is 
unnecessarily handicapped. 


Dr. CLAvupnE E. Wxrcu (Boston) discussing 
both papers: I believe that diverticulitis at the 
present time is the most difficult disease that we 
as abdominal surgeons are faced with. It is almost 
impossible to make any wide-ranging generaliza- 
tions. As Dr. Colcock has emphasized, it is neces- 
sary to individualize in so many areas. However, 
despite that, I would like to make a few general- 
izations. 

In the first place, commenting upon Dr. 
Haynes’ extraordinary fine study, one of the 
points that he brought out was the fact that two 
diverticula can bleed simultaneously. We learned 
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that to our disgust a number of years ago, when 
one of our residents did one of these operations 
that Dr. Eckert would call deplorable, doing a 
transverse colostomy to localize the bleeding. 
Within the next week the patient had bled from 
both sides on the same day. 

This is a point that has not been appreciated 
too much ir the past. This makes us wonder, 
then, if tnere is some other way that we can pro- 
ceed with a better localization than we have had 
previously. 

Dr. Haynes referred to selective arteriography, 
and Í am sure that in the future this will have a 
great value for us. I am reminded, however, of 
an instance that happened recently with one of 
my associates. This patient arrived with mas- 
sive upper GI bleeding, known varices, and a 
fairly good history of ulcer. Obviously this was 
the perfect case for selective arteriography which 
the patient underwent immediately. We now have 
about a 20-minute service in our hospital. This 
was done in the middle of the night. 

A nice >ool of blood was seen originating 
from the superior pancreatoduodenal artery, and 
my associate said: "I will call down and have the 
operating room set up." The radiologist said: 
"Wait just a minute,” and shot in some Neo- 
synephrine. He repeated the arteriography in 20 
minutes and there was no bleeding. The patient 
did not bleed again and he left the hospital with- 
out operation. Well, at any rate, this may furnish 
us some help in the future. 

I would like to also emphasize a couple of 
points that Dr. Colcock made. No. 1, the most 
important feature of all, why do these patients 
get into trouble after operation? Perhaps we can 
point out two important features. No. 1, if an oper- 
ation is done for a fistula in which the bed is 
highly inflamed, and the anastomosis is placed in 
that area, there is room for trouble in the very 
near future. 

Though Dr. Coleock did not emphasize the 
fact, if one takes a barium enema x-ray prior to 
closing the colostomy, he may be greatly sur- 
prised. A number of these patients will show 
fistulas runring from several areas from the anas- 
tomotic site, and it is imperative that closure of 
a colostomy is delayed for a long period of time. 

I am sure, by the same token, that the patients 
who have had long-standing fistulas should not 
have the ore-stage procedure. It should be staged 
with a long interval between. 

Perhaps one other item that might be worth 
emphasizing is why these patients have recurrence. 
Many times I am sure we have been altogether 
too conservative. If we had removed the whole 
left colon with all of its diverticula and spastic 
bowel and brought down the transverse colon 
for anastomosis, we would have far better tissue 
to work with. 

Therefore, I would agree with both of the 
essayists that in many instances we have been too 
conservative in our attitude toward diverticulitis. 
Perhaps if we had been a little bit more radical 
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in our resections and obtained better tissue in both 
fistulas and bleeding, we would have better results. 


Dr. Harry B. Grecorw, Jr. (Charleston) dis- 
cussing both papers: I wish to point out one 
source of lower GI bleeding in which the surgeon 
may be aided by auscultation of the heart. 

Recently such a patient came under my care 
having had supposed upper GI bleeding and 
gastrectomy, lower GI bleeding and resection of a 
noninvasive malignant anal polyp, recurrent GI 
bleeding which led to vagotomy and then other 
episodes of recurrent lower GI bleeding. Aortic 
stenosis was known. 

It has been reported—and  interestingly— if 
there is a murmur of congenital heart valvular 
disease, specifically aortic stenosis, a frequent 
vascular malformation involving the right colon 
that can produce lower GI hemorrhage may be 
present. Selective arteriography may help solve 
the issue, and right hemicolectomy will stop the 
bleeding. 

Doctors Boss and Rosenbaum made the report 
in Digestive Diseases, vol. 16, No. 3 (March 1971). 


Dr. BeNTLEY P. Corcock (Closing discussion 
of Paper No. 23): Dr. Haynes has touched on one 
of the less common, but serious complications of 
diverticular disease: bleeding. I have to agree 
with everything especially if you recall the barium 
enema film. This patient had diverticula all the 
‘way from the rectosigmoid to the cecum. One 
cannot take a chance that a segmental resection 
will stop the bleeding in that type of patient. If, 
after all of the colon has been removed and your 
patient is in a precarious situation, the terminal 
ileum should be brought out as an ileostomy and 
the low sigmoid, as a colostomy, and then stop. 
With all of the colon out, you know you have 
removed the bleeding point. You can put him 
back together at a later date with little or no 
risk. 

Dr. Eckert emphasized the urinary complaints 
as the primary symptoms of a colovesical fistula, 


and this is true. Usually it is a matter of 


dysuria, fecaluria, or, in about a half of these 
patients, pneumaturia, which are the lead to the 
diagnosis. 

He mentioned also the failure of colostomy 
with a colovesical fistula. There are some patients 
who will not subside with a diverting colostomy. 
If the inflammatory reaction has led to an abscess 
in between the colon and the bladder, and the 
point of drainage is small in to the bladder, and it 
is small going back in to the colon, it may well 
persist, and if the patient either remains the same 
or shows no improvement in 4 to 6 months, then 
I think you better go ahead and tackle the problem 
head on. I would not wait any longer. 

Dr. Thoroughman emphasized the differential 
diagnosis of carcinoma. We must never forget it. 
It is always reassuring to have the urologist tell 
me that he biopsied the area of the bladder and 


there was no carcinoma; because when I do my 
resection of the colon, I am just going to remove 
the indurated tissue in the bladder wall and close 
the rest of it. This would be a pretty poor opera- 
tion for carcinoma. 

Dz. Welch raised the question as to the extent of 
the colon resection. I have always felt that, so 
far as diverticular disease is concerned, you can 
be conservative where the mesentery is concerned, 
but vou must not be too conservative as far as the 
bowel is concerned. I often drop the splenic 
flexure because I must mobilize the splenic flexure 
to get bowel that I feel will hold sutures without 
leakage. 

Dr. Williams asks how long after the diversion 
colostomy should the resection be done. This has 
to be individualized too. If you operated on a 
patient for diverticulitis in whom the main symp- 
tom was obstruction due to a small inflammatory 
mass that shut off the colon, you can probably go 
in there in 3 to 4 months, or even less. On the 
other hand, if you are operating on a patient who 
has perforated and has an abscess the size of a . 
grapefruit, you may have to wait at least 6 months. 
Also, as I said, in the case of colovesical fistula, 
one would be guided by whether or not the patient 
is improving. I see several patients every year in 
whom the surgeon who referred the patient re- 
operated, in a matter of 6 weeks or 8 weeks, and 
found resection impossible. 


Da. Hunter H. McGuire, Jr. (Closing dis- 
cussion of Paper No. 24): In specific response to 
the discussants, the only possible conflict I would 
see is that I think mesenteric angiography is of 
value in discriminating between upper and lower 
GI bleeding, but once you have decided that the 
bleeding is from the colon, mesenteric angiography 
is not of value in deciding which diverticulum to 
resect or seek to ligate. The barium enema and 
the total distribution of diverticula will dictate 
the operation to be done. 

Dr. Haynes and I undertook this study not to 
prove any preconceived notions, but to resolve a 
friendly debate between ourselves as to how the 
bleeding of diverticulosis should be treated. At 
the outset, I was personally inclined to agree 
with Dr, Dunphy that only bleeding colon should 
be resected. I feel, though, that the evidence in 
our own institution and that which we have col- 
lected from the literature to which Dr. Noer has 
contrikuted very importantly, and which will be 
reviewed more extensively in the manuscript—has 
convinced us that when operation is necessary, all 
diverticula-bearing colon should be resected. 

We must acknwoledge that the data on which 
these conclusions are based are still meager. If 
diverticulosis, however, is really caused by the 
highly refined and low residue diet of an affluent 
society, we should have much broader experience 
and more evidence in the years to come. I feel we 
should approach this experience confident in the 
safety and efficacy of total abdominal colectomy 
and ileoproctoscopy. 


The Ambulatory Surgical Unit 


James E. Davis, M.D., Don E. Dermer, M.D. 


From the Departments of Surgery, Watts Hospital, cnd the Duke University 
School of Medicine, Durham, North Carolina 


RESEARCH in health care delivery has be- 
come an appropriate concern of surgeons. 
This attitude has been expressed recently 
in the presidential addresses of the Amer- 
ican Surgical Association, the Society of 
University Surgeons, the Society for Sur- 
gery of the Alimentary Tract, and the New 
England Surgical Society.-* Health care is 
the third largest industry in the United 
States, and it has been estimated that by 
1975 it will be the largest. This tremendous 
rise is a result of increases in all parameters 
of health care, but the single greatest rise 
is in the cost of hospital care. Surgeons can 
affect hospital costs by treating many un- 
complicated operations on an ambulatory 
basis instead of the traditional hospital ad- 
mission. It has been estimated that 20% to 
40% of operations now performed in gen- 
eral hospitals could be handled on an am- 
bulatory, outpatient basis.* Despite the pub. 
licity that ambulatory care is less expensive, 
no comparative data could be found in the 
literature. In a similar manner, a comparison 
of the quality of care between these two 
options was also lacking. 

To investigate this subject, a study was 
undertakened by Watts Hospital, a Durham 
community hospital, to ascertain if care, 
comparable to that received by inpatients, 
could be delivered to ambulatory patients. 
The study would evaluate the effect of such 
services on both costs and inpatient bed 





Presented at the Southern Surgical Association 
Meeting held at Hot Springs, Virginia, December 
6-8, 1971. 

This study performed with the support and 
cooperation of the North Carolina Blue Cross & 
Blue Shield, Incorporated. 


utilization and would be open to any of the 
hospital surgeons that cared to admit pa- 
tients to the unit. 

A five-bed unit was established from 
existing, but poorly utilized, hospital space. 
The simple space requirements (1,440 
square feet) are illustrated in the diagram 
(Fig. 1). Staffing consisted of two regis- 
tered and one licensed practical nurse pro- 
viding coverage from 6:30 a.m. to 6:30 p.m., 
from Monday through Saturday. Patients 
selected by their surgeons as being sur- 
gically and psychological qualified for 
such outpatient care arrived in the unit in 
the early morning. Required laboratory and 
x-ray studies were performed in the 48 
hours prior to admission. They underwent 
the physical examination and pre-anesthetic 
evaluation required of inpatients and pro- 
ceeded through the usual operating room 
and recovery room routines. They were then 
returned to the unit for further observation 
and were discharged home in the late after- 
noon by their surgeon. The patients were 
offered a follow-up visit in their home on 
the first or second postoperative day to 
determine any disadvantages or dangers to 
the patient as a result of early hospital 
discharge. 

During the nine month period from Feb- 
ruary l through October 31 of this year, 
367 patients were registered in the unit. 
Three o? these patients were admitted to 
the hospital: one because more extensive 
surgery than anticipated was performed; 
one because the operative procedure was 
delayed until late in the day; and one be- 
cause of unusually severe post-operative 
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pain. The remainder of the analysis, there- 
fore, will be focused upon the 364 patients 
treated on an ambulatory basis. 


Utilization of Unit 


Patients ranged in age from 8 weeks to 
69 years. They were predominantly young, 
over half being less than 25 years of age. 
Females outnumbered males 8 to 1. Within 
10 different surgical specialties, 43 types of 
operative procedures were performed (Ta- 
ble 1). Twenty-six of a possible 41 staff 
surgeons (63%) admitted patients to the 
unit during this study period. Though the 
unit was intended primarily for the use of 
patients receiving general anesthesia, it be- 
came apparent that a legitimate usage 
would include some regional and local cases 
requiring a period of postoperative observa- 
tion. Of the 364 total patients, 354 (9796) 
underwent general anesthesia. Six patients 
had regional and four had local anesthesia. 


TABLE 1. Operations Performed 


Therapeutic abortion 185 
Dilatation and curettage of uterus 81 
Excision of breast tumor 20 
Adenoidectomy and bilateral myringotomy 13 
Excision of ganglion of wrist 12 
Inguinal herniorrhaphy 12 
Excision of bartholin cyst 8 


Excision of cervical polyps 

Body cast change 4 
Closed reduction of fracture 2 
Bronchoscopy i 
Nerve repair 1 
Full month extraction 1 
Squint repair i 
(43 different procedures) 


TABLE 2. Mean Operative Savings 


Excision of breast tumor $119.38 
Ingvinal herniorrhaphy 75.20 
Dilatation and curettage of uterus 79.63 


Therapeutic abortion 46.34 
Change of body cast 117.00 
Excision of ganglion of wrist 106.97 
Adenoidectomy and bilateral myringotomy 67.24 
Full mouth extraction 146.25 
Closed reduction of fractured radius 170.10 


Range of Savings 24%-60% 


Cost Analysis 


To the degree that was possible, each of 
the ambulatory patients was matched with 
an inpatient, during the study period, who 
was comparable in age, sex, diagnosis, op- 
erative procedure, and anesthesia. This re- 
sulted in a comparable matching of 166 pa- 
tients. The actual hospital charges to these 
patients were analyzed. The mean inpatient 
cost was found to be $240.66 as compared 
with the mean ambulatory patient cost of 
$179.97. This resulted in a difference of 
$60.69. Between these two groups, there- 
fore, there was a savings of 25.296 of the 
hospital charges for each ambulatory pa- 
tient. Applying these figures to our total 
patient sample of 364, there was an overall 


‘estimated savings of $22,000 in this nine- 


month period. Savings vary widely for 
different procedures and examples of a few 
are shown in Table 2. 


Analysis of Bed Utilization 


The actual hospital stay of 166 matched 
inpatients was studied. The inpatient stay 
averaged slightly more than two days per 
patient. Extrapolating this estimate to our 
total population there was a total estimated 
savings of 731 inpatient bed days. 


Opinions of Participating Parties 


Efforts were made to evaluate the re- 
sponse to this type of care by interviewing 
each of the four participating groups. These 
included: the patients, the participating sur- 
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geons, the insurance carriers, and the hos- 
pital administrators. 

Patients. The patients were interviewed 
by the visiting nurse, a member of the 
units nursing staff, in their home, and 
also by the surgeon on the patient's first 
postoperative office visit. Three compli- 
cations were identified—one technical, and 
two emotional. The technical complica- 
tion occurred in a 2-year-old child who 
had undergone plastic revision of a lip 
laceration, and by pulling at the incision, 
he disloged one of his sutures. This affected 
the cosmetic repair, but required no further 
operation. Observation in the hospital might 
have avoided this complication. Two pa- 
tients expressed mild apprehension at being 
away from the hospital the night of their 
operation. The first case was a man with 
bilateral eye operations who went home 
with both eyes bandaged. This case prob- 
ably represents a poor choice of type of 
patient for this method of care. The sec- 
ond patient was a 10-month-old child who 
had undergone bilateral myringotomy and 
had mild bleeding after arriving home. This 
concerned the mother but did not result in 
readmission or further complication. With 
these exceptions, the remainder of the pa- 
tients were very pleased with their care. 
Four patients in recent months had under- 
gone identical contralateral procedures ( ex- 
cision of breast tumor, inguinal hernior- 
rhaphy) as inpatients and these were among 
the most enthusiastic advocates of the am- 
bulatory method. There were no wound 
infections. 

The greatest patient benefits appear to be 
the psychological advantage of being able 
to spend almost all of the preoperative and 
postoperative period at home with minimal 
derangement of schedule and habits. The 
patient's progression through the hospital 
was much more efficient as well Young 
mothers undergoing operation expressed 
appreciation for the opportunity to be at 
home and able to supervise their household 
and children. Since 4696 of our patients as- 
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sumed liability for their own hospital bill, 
in lieu 5f hospital coverage, they benefited 
directly from the dollars savings. 

Surgeors. All participating surgeons 
were asked to express by letter their evalua- 
tion of the unit and whether they desired 
continuation of the unit. All favored con- 
tinuation of the unit and promised their 
continued support. Many found the time 
savings to be appreciable since they had 
fewer paczients in the hospital to follow. 
They also expressed satisfaction in their 
ability to deliver care of the same quality 
as del vered to inpatients with greater com- 
fort and less cost to the patients. 

Insurance Carriers. The insurance com- 
panies welcomed both the 25% saving of 
hospizal charges and the reduced hospital 
inpatent utilization. They stressed the fact 
that fewer unnecessary tests and services 
were used since the patient was outside 
the traditional hospital setting. In the early 
part >f the study, there was a reluctance on 
the part of some private insurance carriers 
to azcept liability for patients treated in 
the anit. It is of some significance that at 
the end of the first 3 months of operation of 
the anit only seven private carriers had ac- 
cepzted liability while at the end of the 
9-month period a total of 19 companies were 
participating. These firms are carriers for 
most of the largest industries in this area. 

Hospital Administration. This commu- 
nity hospital for several years has had a 
constant waiting list for hospital admissions. 
The list has been reduced but not elim- 
inated during the period of time the am- 
bulatory unit has functioned. The hospital 
has continued to operate at the same per- 
centage of inpatient occupancy so unfilled 
inpatient beds have not resulted from this 
project. As a xesult of this, the administra- 
ticn is happy to be able to serve a larger 
clientele and understands the ultimate value 
of the ambulatory unit, in spite of some 
acditonal expense that has been borne by 
the hospital during the developmental part 
of the project. 
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Discussion 


After 9 months of operation ‘of the am- 
bulatory unit, it is our feeling that surgical 
care of a quality comparable to that of in- 
patients can be delivered with a cost sav- 
ings and an economy of scarce hospital 
beds. We feel that a hospital-attached unit 
may operate more efficiently with greater 
latitude of types of operative cases and pos- 
sibly may offer greater safety to the patient 
than does an independent unit. In general 
this unit has been highly successful and this 
success is based upon the satisfaction of the 
following requisites: adequate population 
base, appropriate selection of patients, pro- 
fessional staff support, potential for increas- 
ing the capacity of the operating rooms, re- 
covery rooms and anesthesia departments, 
waiting lists for hospital beds, appropriate 
unit size, and cooperation of third parties. 
If these criteria are satisfied it would ap- 
pear that the development of such units in 
other settings would also meet with success. 
It became clear that the patient population 
was willing to accept care in the manner 


deemed appropriate by the surgeon and 
that this offered no problem. 


Summary 


The experience of this ambulatory unit 
suggests that uncomplicated surgical care 
was delivered on an ambulatory basis in a 
satisfactory manner. The quality of care de- 
livered appeared to be comparable to that 
provided to the inpatient. Significant cost 
savings were realized (approximately 25% ) 
and hospital bed utilization was reduced 
(approximately 2 days per ambulatory pa- 
tient). We feel the concept is worthy of 
consideration for implementation by others. 
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DISCUSSION 


Dr. C. Rotums HawLoN (Chicago): I have 
enjoyed this clear and concise estimate of the 
situation regarding free-standing versus hospital- 
based surgical facilities by Dr. Davis and his 
associates. The American College of Surgeons has 
had a number of inquiries about the stance which 
organizations or individuals should take toward 
development of such facilities. 

These inquiries have come from the American 
Medical Ássociation, from the National Blue Cross 
Plans, from the Joint Commission on Accreditation 
of Hospitals, and from a number of surgeons who 
are considering the possibility of initiating such 
facilities and wish to know the attitude of 
organized surgery toward short stay surgical 
facilities. 

We have also had inquiries from the Phoenix 
Surgicenter itself. They were seeking approbation 
of.the College in order to facilitate more wide- 
spread approval by third party payors. 

Ás many of you realize, the Phoenix Surgi- 
center has been approved by approximately 100 
insurance carriers. They have been approved by 
the Blue Shield Plan, and by certain local organ- 
 izations, including the health planning council in 
their county. They have not been approved under 


Part A of Medicare. An attempt is being made 
to change the relevant Social Security legislation 
by a bill introduced into the House by Congress- 
man Rhodes. 

Cne possible reascn why free-standing surgical 
facilities have not been approved by the National 
Blue Cross Plan, although they have been ap- 
proved by Blue Shield, is because Blue Cross 
Plans are in serious financial difficulty in their 
Federal Employee Program. This difficulty re- 
volves around the authorization which had been 
urged on Blue Cross for many years to include 
certain outpatient services in their basic plan. It 
was anticipated that this expansion of outpatient 
coverage would diminish expensive hospitalization. 

Actually, the Federal Employee Program of 
National Blue Cross, & so-called showcase account 
comprising over five million individuals, went 
in 3 years to a deficit status estimated at more than 
$60 million. This was related to an incredible 
proliferation of outpatient studies, such as labora- 
tory tests and radiographs, without a correspond- 
ing saving by decreased inpatient utilization. Al- 
though theoretically the increased use of out- 
patient facilities should save money, this did not 
follow. 

I cannot discuss definitively the differences 
between free-standing and hospital-based facilities, 
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except to note that in Phoenix the controversy is 
submerged, whereas in another institution in Prov- 
idence, Rhode Island, the dispute is more overt. 
The latter facility has been in great difficulty 
because it has not been accepted by the profession, 
and it has not been accepted by Blue Cross in 
that area. 

This highlights the fact that planning is essen- 
tial; that the community, including the physicians 
and everyone else, must recognize the need, and 
that the facility, whether it be free standing or 
hospital-based, must serve that demonstrated need. 

There is a genuine risk of diminution in quality 
of surgical care if we should develop a series of 
surgical outpatient facilities in shopping centers 
all over the country without the careful planning 
and quality control employed in Phoenix. If there 
should be overemphasis on the profit factor it 
could jeopardize quality. This has clearly not been 
done in Phonenix where they are very jealous of 
their quality control. The principals in Phoenix 
are conspicuously opposed to the idea of an excess 
proliferation of poor quality facilities. 

But the controversy between in-hospital facili- 
ties and outpatient facilities as independent, 
entrepreneurial enterprises on the one hand and 
hospital-based and hospital-regulated facilities on 
the other highlights the importance of the accredi- 
tation process. I believe that the profession and 
the accrediting agencies have a very difficult but 
essential job to do in addressing themselves to this 
controversy. Whether the facility be free standing 
or haspital based, the essential objective we are all 
interested in is lower cost for readily available, 
high quality surgical care. 


Dr. WinLLÍiM S. McCune (Washington, 
D. C.): I have been very interested in this report, 
because we feel that the development of units of 
this kind are an important step forward in over- 
coming the high cost of medical care, and in pre- 
venting the overutilization of hospital beds. 

In George Washington University Hospital, a 
similar section has functioned for 4 or 5 years, 
in which several thousand operative procedures 
have been performed. It differs somewhat from 
the one that Dr. Davis described, in that we 
have three operating rooms which are entirely 
separate from the main operating suite, but are 
connected with it through the recovery room. A 
portion of the recovery room is reserved for use by 
what we call in-and-out, or ambulatory patients. 

The. unit is in charge of an anesthesiologist 
. who is in complete control. We have two trained 
nurses, and usually two trained practical nurses 
on duty there. 

Our system differs slightly, in that these 
patients never occupy a hospital bed of any kind, 
but they come into tbe hospital on the morning of 
the procedure. If they are operated upon under 
local anesthesia, there is no problem. 

If they are to have a general anesthetic, they 
undergo chest x-ray, complete blood studies, and 
urinalysis in the hospital. 
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The patient brings a form filled out by his 
local physician which contains the history and. 
data of his physical examination. After the opera- 
tive procedure he remains in the recovery room, 
or that portion of it assigned to him, until his 
departure is approved by the anesthesiologist in 
charge. 

This procedure has been very compatible with 
both the surgeons and the patients alike. We have 
performed rrany operative procedures there such 
as operations on the extremities, as Dr. Davis has 
pointed out, D&C's, 'cystoscopies, and VIP's (that 
is, voluntary interruption of pregnancy). 

We have had only one death in this section, 
an unfortunzte cardiac arrest in a patient under- 
going a cys:oscopic examination. 

There are two possible disadvantages to this 
system. One is that the patient who comes into 
the hospital in the morning to have a general 
anesthetic may not realize the danger. He may 
have had some breakfast before his admission 
which could cause anesthesia difficulties, although, 
of course, this danger is supposedly well controlled. 

Secondly, we have found, strangely enough, 
that surgeons who do not use the section very 
often consider it to be minor surgery. They do not 
request an assistant and sometimes they section 
more than they should; they may not need an 
assistant, but perhaps the patient does. However, 
there have been no ill effects from this, as far as 
I know. 

We recammend this system highly. As far as 
cost is ooncerned—1 do not have the exact figures, 
but I believe the cost of anesthesia and the oper- 
ating room is slightly less than half the cost which 
would be incurred by the use of the main operating 
room suite., 


Dr. J. M. ZiwMERMAN (Baltimore): I have 
had the privilege of reviewing the manuscript and 
discussing it with Drs. Davis and Detmer. The 
system we have followed is similar to the one 
Dr. McCune has described. The community hos- 
pital has 300 beds—Church Home and Hospital, 
which is an urban general hospital. We have been 
treating about 40 to 50 patients a month using 
general anesthesia ior several years. We have no 
hospital beds set aside for these patients. The 
patient simply goes to the recovery room at the 
completion of the procedure and is discharged 
from there. 

We have been performing the same types of 
procedures that Dr. Davis described. With Mary- 
land's liberalized abortion law, about one-third 
of our patients are admitted for therapeutic abor- 
tions. We perform only suction D&C's on an out- 
patient basis—no saline injections. 

Our patients all bave histories and physical ex- 
aminations suitable for administration of general 
anesthesia prior to coming to the hospital They 
arrive at the hospital about an hour prior to the 
procedure, They receive their premedication and 
undergo laboratory tests, x-rays and so forth. 
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We have had very few problems. One or two 
patients who had inadvertently eaten beforehand, 
were dismissed and brought back at another time. 
A few patients with prolonged recovery from 
anesthesia remained in the recovery room for 
protracted periods or were actually admitted to the 
hospital. 

It is important to have very careful criteria for 
selection of patients and very careful plans for 
handling of the patient, including having a member 
of the family present for his return home, and so 
forth. 

The acceptance, both by surgeons and by 
patients, and by third-party carrier, has been ex- 
cellent and has led to inquiries from other 
hospitals. Our patient group which is an extremely 
conservative one, has accepted this approach 
extremely well. 

Again I congratulate the authors for developing 
this approach to an important problem, and partic- 
ularly in an era in which there is some risk to this 
type of innovation, with rising malpractice suits, 
and so forth. 

I would like also to congratulate them for 
documenting some of the cost savings involved. I 
would inquire if they have any particular words 
for those of us in community hospitals as to what 
they feel are cardinal principles for developing 
this kind of program. 


Dr. JONATHAN E. Rumoaps (Philadelphia): Dr. 
Davis was kind enough to give me a copy of the 
paper, and asked if I would comment on it. I 
think this subject has been extremely well covered. 

It is an economic paper, and I have with me 
two reports from an economist which are not 
directly relevant, but I believe it is interesting to 
see what people with an entirely economic ap- 
proach are thinking about medicine. 

This comes from the organization of David L. 
Babson and Co., Inc., and it came to me as a 
trustee of a college which it serves. The point is 
made that American medicine is really not so bad 
as the press often suggests, and it points out not 
only that life expectancy is continually going up 
but particularly that in the 5 years between 1965 
and 1970 there have been very substantial gains 
in the reduction of infant mortality. 

We think of the new proposals that are before 
the congress for national health care as being in- 
ordinately expensive. The economists point out that 
actually what we have now is already very ex- 
pensive, and the Nixon proposal increases the costs 
only 2 per cent, the AMA Medicredit perhaps 
5 per cent, and even the Kennedy-Griffiths bill 
only 10 per cent in total cost. These plans do 
however have the profound effect of shifting more 
costs from the private sector to government. This 
is particularly true of the Javits and Kennedy- 
Griffiths bills. 

The point has been made that whenever an 
independent laboratory has opened in a doctors’ 
building across the street from a hospital, the 


hospital has had to raise its rates. A plausible ex- 
planation is that these laboratories do the con- 
venient, easy things. They skim off the cream, and 
they leave the expensive, seldom-done tests to 
the hospital to do, and the hospital loses its money- 
making procedures and is stuck with the money- 
losing procedures, and therefore it has had to 
raise its rates. 

One wonders whether the same phenomenon 
might become apparent with the development of 
ambulatory-surgical units. This would not happen 
at the Watts Hospital where the demand for ser- 
vices has kept the hospital completely full, and 
this additional facility has simply increased the 
services available to the community. However, the 
country over, hospital admissions are down, and 
there are a number of areas where hospitals are 
not full, and one has to distinguish I think be- 
tween the cost savings computed as the average 
cost—per patient day and the actual savings 
which a community will gain when a hospital that 
is not full is emptied further. 

If a hospital was emptied enough to close up 
a portion of it, we would get real savings, but 
if we just have a few extra empty beds, we have 
saved only on the cost of food, laundry, and 
medication for those patients, and the real costs, 
which are largely in personnel, often can not be 
trimmed back. 

I do think this is an excellent study. There is 
no question but that the third party payors, who 
have often paid only for inpatient services, have 
caused a tremendous swing of the pendulum to- 
ward hospitalization, and that we are rightly 
seeing a move back in the other direction. 

I think that it will be possible to use these 
centers and to save money as has been so very well 
demonstrated by Drs. Davis and Detmer, and we 
must do it. 

On the issue of whether we should support 
the center for surgery for ambulatory patients as 
a free-standing unit or as one in a hospital such 
as the unit at Watts, there is really no doubt in 
my mind. The Surgicenter is not a free-standing 
unit. It can only exist if it is supported by the 
facilities of a hospital. The ‘Surgicenter’ in Phoenix 
I believe makes the point that they have arrange- 
ments for admission at a hospital of any patient 
who develops enough difficulty to require it. 

If these difficulties should occur, I am convinced 
personally that these patients belong in hospitals 
where the patient has the backup of the hospital’s 
total facilities immediately on the occasions that 
he needs it. 


Dr. J. Arex Harrer (Baltimore): I would 
like to emphasize the particular applicability of 
this type of unit for the care of elective operative 
procedures in children. We have been using this 
type of facility over the last 6 years, and have 
found it not only acceptable to parents, but, as a 
matter of fact, there is great competition for 
using this particular facility for such procedures 
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as hernia repairs and circumcisions and other 
operative procedures which do require general 
anesthesia but do not require that the child 
stay in the hospital. The hospital still remains 
the most dangerous environment for the healthy 
person, and most of the elective procedures are 
performed in patients who are not going to be 
sicker after the operative procedures. 

I would like to emphasize only one aspect 
of the report, and that is that we have not 
attempted to identify any inpatient area at all 
for these patients. As Dr. Zimmerman and Dr. 
McCune have indicated, we have used our re- 
covery rooms for the care of the patients, and 
discharged them from the recovery rooms. 

In this era, when there seems to be a tendency 
to try to continue building; to make facilities 
larger, requiring more people, and also more 
space, I believe it is time we looked very care- 
fully at how efficiently we are using those facilities 
which we already have and attempt to use them 
in a better fashion. 

I am aware of the fact that with computers 
we get better statistics and— presumably, at least 
—~know more about what is going on around the 
hospital, but I would still submit that computers 
cannot replace the heart of a physician. It is 
important that we continue to have some rapport, 
not only with our patients but other physicians. 
The larger these facilities get, the more difficulty 
I have in communicating. 

We have found we can do this in our standing 
facility and have the quality controls in our 
regular operating rooms and in our regular re- 
covery rooms, and I believe that this type of 
innovative approach which Dr. Davis and Dr. 
Detmer have presented to us can be used widely, 
not only in university hospitals, but in our com- 
munity hospitals as well. 


Dr. Don E. Detmer (Closing): Relative to 
the comments of Drs. Zimmerman, Haller and 
McCune, I think occasionally there are patients 
who have some delay in their recovery from 
anesthesia. To keep these people in recovery room 
areas that are tight for space can be a problem, 
and I think the use of essentially a redesign of 
existing hospital space at the Watts Hospital has 
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circumvented this. We have been able to move 
these people out of the recovery room, and yet 
keep them for what appears to be a safe recovery. 

Dr. Zimmerman asked a question about 
requisites for an appropriate unit. (Slide) There 
are a few of these that we feel are of some im- 
portance. In terms of an appropriate selection of 
the patients, I think this will be very important 
and really for us has been no big problem. It. 
will help to avoid legal difficulties if there is a 
good rappor- between the patient and the phy- 
sician and a full discussion of the matter. 

The area of professional staff support is also 
important. Two thirds of our staff have used the 
unit, and to set up such a unit without the 
interest and support of the staff would lead to 
failure. 

Third, you need to have capacity in your 
operating room and anesthesia staff that is not 
being used, and we have found that utilizing just 
the standard operating rooms and trying to 
schedule these cases as the first case or so in the 
morning has allowed us to more efficiently utilize 
all our existing facilities and staff. 

The waiting list for hospital beds is an im- 
portant facet that Dr. Rhoads referred to. Watts 
has a waitng list, and we have found that the 
hospital administration has been very cooperative, 
and I think a lot of it really stems from that 
facet. 

Appropriate unit size is an important con- 
sideration. I do not think you should make a very 
large unit until you have studied the utilization or 
likely utilization of such a unit. You should have 
a unit which is well related to the patient pop- 
ulation and the surgical demand. 

Finally, the cooperation of the third parties— 
this problem generally is solved as the unit de- 
velops. We started out with the support and 
cooperation of Blue Cross and at 3 months we 
had seven carriers, and currently nineteen carriers, 
which essentially is the bulk of the carriers in 
our area, 

Dr. Parkers Presidential Address referred to 
the need for appropriate change in medical care, 
and Dr. Davis and I would like to think that a 
hospital-based unit such as ours is a mechanism 
for delivering high quality surgical care more 
efficiently. 
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MAMMALIAN LIVER is not the only organ 
in which regenerative activity appears in- 
versely proportional to gross deposition of 
collagenous scar. A hydrozoan, tubularia, 
either forms an amputation scar or regener- 
ates an amputated tentacle; scar formation 
and regeneration, however, do not occur 
simultaneously.*° In higher forms of life 
such as a metamorphosing newt, regenera- 
tive powers in the stump of an amputated 
limb can be retained by inducing a meta- 
bolic abnormality in connective tissue. 
Thus, relatively great regenerative activity 
and a small amount of recognizable scar 
following single traumatic injury, or de- 
creased regenerative activity and a large 
amount of scar after repeated injuries to 
mammalian liver are similar to observations 
in other biological systems. 

To test the hypothesis that an inverse 
relationship exists between fibrous protein 
synthesis and parenchymatous hepatic re- 
generation, simultaneous measurements of 
collagen deposition, noncollagenous protein 
deposition, and total dry weight of liver re- 
generate following single injury amputation 
and after amputation of liver injured re- 
peatedly with a chemical toxin have been 
performed in the presence of normal and 
abnormal connective tissue metabolism. 


Presented at the Southern Surgical Association 
Meeting held at Hot Springs, Virginia, December 
.6-8, 1971. 

Supported by Grant AM14047, National Insti- 
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Materials and Methods 


Experiments designed to study hepatic 
regeneration and connective tissue synthesis 
following amputation of the liver in normal 
and cirrhotic rats with normal and abnor- 
mal connective tissue systems require three 
models: a reproducible amputation-regen- 
eration model, a model of hepatic cirrhosis, 
and a connective tissue disorder. Models 
selected for use in experiments reported in 
this paper are as follows. 

Parenchymatous regeneration after re- 
moval or destruction of mammalian liver is 
an exception to the general biological prin- 
ciple that higher forms of life heal com- 
pound tissues by synthesis of fibrous scar 
rather than by significant regenerative ac- 
tivity. In marked contrast to limbs, other 
abdominal organs, central nervous system, 
etc., liver mass is replaced 98% within 10 
days following surgical removal of 7096 of 
the organ.* Under certain specific condi- 
tions, however, liver synthesizes relatively 
large amounts of scar tissue. Repeated in- 
jury and healing after necrotizing infections 
or damage from chemical agents are char- 
acterized by ineffective nodular regenera- 
tion and synthesis of significant fibrous 
scar.' Thus, the biology of healing in he- 
patic tissues is different from other tissues 
and provides an important natural experi- 
ment in which considerable regenerative 
potentia may or may not be retained 
through adult life. Because human health 
often is seriously impaired by inability to 
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regenerate compound tissues and by over- 
production of fibrous scar, intensive study 
of fundamental processes in healing after 
hepatic injury could be of practical im- 
portance. 

An important process in wound healing is 
production of new dense connective tissue. 
A fibrous scar, unimportant as it may seem 
in liver, forms after amputation of a lobe; 
repeated chemical or dietary injury char- 
acteristically results in deposition of large 
amounts of scar—the hallmark of cirrhosis 
from any cause. Because lag time before 
synthesis of significant scar in other organs 
is approximately the same as the time re- 
quired for extensive regeneration of the 
partially amputated liver, and because over- 
production of scar after repeated internal 
injury is predominant when regeneration 
seems restricted, it has occurred to us that 
a reciprocal relation may exist between scar 
production and parenchymatous regenera- 
tion. 


Single Trauma Regeneration 


Regeneration after amputation of 70% 
of the liver has been studied extensively in 
rats. A considerable amount of statistical 
data are available comparing dry weight 
and wet weight of liver to total body 
weight. Cellular mitoite activity also has 
been studied by labeled thymidine uptake.! 
Repetition of the experiments of Higgins 
and others * in our laboratory revealed that 
amputation of 7096 of liver mass in 200 Gm. 
Sprague-Dawley rats results in regeneration 
of 90.896 of liver mass (dry weight) in 8 
days. These data are almost identical to 
those reported by others. Utilization of this 
model, however, requires calculating the 
wet weight of the 3096 remaining liver frag- 
ment on the basis of total body weight and 
the weight of the excised specimen. Data 
confirming accuracy of such calculations on 
normal animals are available. In all of our 
experiments, amputated liver specimens and 
regenerated livers were dried to a constant 


weight to eliminate the effect of water de- 
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position during regeneration. All preopera- 
tive total liver weights were calculated on 


the basis of the weight of an amputated left 
lobe. 


Cirrhosis 


A model reproducing many important 
characteristics of human cirrhosis has been 
developed in our laboratory by administer- 
ing dimethylnitrosamine (DMN) to dogs 
and rats.? Rats used in experiments reported 
in this paper were made cirrhotic by adminis- 
tering DMN (4 to 7 ml. of a 500 parts per 
million solution) over a 4-week period. 
Dimethylnitrosamine was administered for 
3 days at the beginning of each week of 
treatment, after which rats were allowed 
to rest and heal the hepatic damage for 4 
days. Individual doses of DMN were cal- 
culated on the basis of body weight and 
then adjusted according to clinical condi- 
tions of the animal? This routine was re- 
peated once a week for a 4-week period. 
Surviving rats had moderate or severe 
fibrous cirrhosis which histologically, bio- 
chemically, and physiologically reproduced 
many important characteristics of human 
cirrhosis. Amputation and regeneration ex- 
periments were conducted in these rats. 

The mortality of a 70% liver resection in 
a severely cirrhotic rat is 20%. Even when 
the most carefully controlled dose schedule 
is utilized, a mortality of approximately 
2596 can be expected from administration 
of DMN alone. Meticulous attention to 
every detail in care of the animals cannot 
be overemphasized. Thus a relatively large 
colony of rats is needed to provide an ade- 
quate number of survivors for study of 
hepatic regeneration. Only data from rats 
surviving DMN administration and amputa- 
tion of tae liver have been included in this 
report. 


Connective Tissue Disorder 


Because ascorbic acid deficiency specifi- 
cally inhibits synthesis of collagen, scurvy 
would be an excellent model in which to 
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study relationship between hepatic regen- 
eration and connective tissue synthesis. Un- 
fortunately, however, hepatic regeneration 
has not been investigated extensively in the 
guinea pig. In addition, scorbutic animals 
seem too ill to withstand DMN-induced cir- 
rhosis and amputation of 70% of liver mass. 
Similar objections exist for other models in 
which synthesis and deposition of collagen 
could be drastically inhibited. Therefore, a 
relatively mild connective tissue disorder, 
osteolathyrism, was chosen. Beta-amino- 
propionitrile (BAPN), a powerful osteo- 
lathvrogen, specifically inhibits oxidative 
deamination of peptide-bound lysine in col- 
lagen molecules and prevents formation of 
aldehyde derived covalent cross-bonds dur- 
ing maturation. Collagen with deficient 
cross-bonds has relatively little structural 
strength and is soluble in cold saline. Struc- 
tural and physical abnormalities in lathyro- 
genic collagen have been studied exten- 
sively and utilized previously in experi- 
menial and clinical situations in which col- 
lagen without normal tensile strength is 
desired. In doses utilized in this experiment, 
` there is no known adverse effect of BAPN 
on other metabolic processes or upon ma- 
ture, previously cross-linked collagen. 


Experimental Design 


Experimental design is depicted in Figure 
l. Sixty rats were divided into six groups 
of ten rats each. Three groups (A, B, and 
C) received DMN by gavage for the first 
3 days of each week over a 4-week period; 
the remaining groups ( D, E, and F) received 
saline during the same interval. One group 
(A) in the DMN-treated animals and one 
group (F) in the saline controls received 
-BAPN (50 mg./100 Gm. body weight) by 
intraperitoneal injection for the last 10 days 
of the 4-week period. Two other groups, 
one in the DMN-treated animals (B) and 
one in the saline controls (E), received 
similar BAPN injections after liver amputa- 
tion. Each saline-treated group was pair- 
fed against the appropriate cirrhosis control. 


Experimental Design 
Group Á 


BOB kh D d E 


e Samnficed- 7——-——» 


Fic. 1. Experimental design. 


After cirrhosis had been produced in 
Groups A, B, and C, all rats were operated 
upon under general anesthesia; a 70% 
hepatectomy, as described by Higgins,° was 
performed. Group A rats (DMN-induced 
cirrhosis plus 10 days of preamputation 
treatment with BAPN) were allowed to re- 
generate for 10 days without additional 
medication. Group B rats (DMN-induced 
cirrhosis plus 10 days of postamputation 
treatment with BAPN ) were allowed to re- 
generéte for 10 days. Rats in Group C were 
allowed to regenerate 10 days without 
BAPN. Group C served as a cirrhosis con- 
trol for the two BAPN-treated cirrhotic 
groups ( À and B). Group D did not receive 
medication but was pair-fed against Group 
C and served as a nutritional control. Group 
E received BAPN for 10 days postopera- 
tively and was a postoperative BAPN non- 
cirrhotic control for Group B. Group F re- 
ceived BAPN for 10 days prior to liver 
amputation and was a postoperative BAPN 
non-cirrhotic control for Group A. 

After a 10-day period for hepatic re- 
generation, all rats were sacrificed. Four 
hours prior to sacrifice, rats received ?H 
methyl thymidine (25 4c/100 Gm. body 
weight). Liver samples taken at amputa- 
tion or at sacrifice were dried to a constant 
weight at 54? C. for 72 hours. The dry tis- 
sues were pulverized and extracted with hot 
596 trichloracetic acid (TCA) for 30 min- 
utes. After centrifugation at 1,000 rpm for 
3 minutes, the pellet was resuspended in 
hot 5% TCA and extraction repeated twice. 
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TABLE 1. Preoperative and 10-Day Postregeneralive Liver Weights (Dry) in 
Cirrhotic, Lathyritic, and Pair Fed Control Rats 


Freoperative* Postregenerative 
Group No. Description Gm. SE. Gm. S.E. 
A 9 Cirrhosis + preop. BAPN 2.775 + 0.178 1.353 + 0.084 
B 7 Cirrhosis + postop. BAPN 2.650 + 0.214 1.553 - 0.105 
C 9 Cirrhosis control 2.368 4 0.183 1.319 + 0.068 
D 10 Normal control 2.705 + 0.126 1.815 + 0.085 
E 10 Normal + postop. BAPN 2.703 = 0.165 1.844 +: 0.062 
F 10 Normal ++ preop. BAPN 2.680 + 0.164 1.766 +: 0.078 


* Calculated on basis of weight of left lobe (see text). 


] Mean value. 


The combined supernatant fractions were 
divided into equal aliquots. To determine 
the specific activity of the thymidine pool, 
one aliquot was passed through an Amicon 
filter (pore size to pass molecules less than 
5,000 molecular weight) following which 
SH thymidine activity was determined by 
counting a 0.5 ml. aliquot in a Mark I Nu- 
clear-Chicago liquid scintillation counter. 
The remaining TCA aliquot was hydrolyzed 
in 6N HC] in sealed tubes at 100° C. for 
12 hours. Total hydroxyproline was deter- 
mined by the Woessner method.'* 
Following three extractions by hot 5% 
TCA, the combined pellets, containing non- 
collagenous protein and DNA, were sub- 
jected to lipid extraction by alcohol and 
ether and were hydrolyzed in sodium hy- 
droxide at 100° C. for 60 minutes. Aliquots 
were utilized to determine bound *H thy- 
midine radioactivity (DNA) and total non- 
collagenous protein utilizing the Webb 


method fror DNA and the Lowry method - 
for noncollagenous protein.*:** Thymidine 
incorporation into DNA presented in Table 
4 is corrected for local pool specific activity. 


Results 


Data are presented in Tables 1, 2, 3, and 
4. An anlysis of data from Table 1 demon- 
strates that DMN-induced cirrhotic animals 
had significantly smaller liver regenerates 
than normal controls (p « 0.01). Hydroxy- 
proline data presented in Table 2 reveal sig- 
nificantlv less collagen in regenerated liver 
than in amputated specimens (p « 0.01). 
This is true for cirrhotic ( Group C preop. 
versus Group C postregenerative) as well as 
control “Group D preop. versus Group D 
postregenerative) rats. In addition, post- 
operative administration of BAPN also re- 
duced the amount of collagen in liver 
regenerate in both cirrhotic ( Group B post- 
regenerative versus Group C postregenera- 


TABLE 2. Preoperative and 10-Day Postregenerative Liver Hydroxproline in 
Cirrhottc, Lathyritic, and Pair Fed Control Rats 





+ 
e. 


Preoperative* 


mg. Hypro/Gm. S.E. mg. Hypro/Gm. S.E. 





Group No Description Dry wt. Liver Dry wt. Liver 
A 9 Cirrhosis + preop. BAPN D.885 = 0.087 0.560 = 0.062 
B 7 Cirrhosis + postop. BAPN 0.998 + 0.159 0.388 -+ 0.039 
C 9 Cirrhosis control 1.503 +: 0.236 0.566 -+ 0.061 
D 10 Normal control 0.610 + 0.037 0.235 -+ 0.018 
E 10 Normal + postop. BAPN 0.633 + 0.062 0.187 + 0.010 
F 10 Normal + preop. BAPN 0.637 + 0.065 0.224 + 0.019 
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TABLE 3. Preoperative and 10-Day Postregenerativé Non-Collagenous Protein in Liver of 
Cirrholic, Lathyritic, and Pair Fed Control Rats 


Group No. Description 


9 

7 

9 Cirrhosis control 
10 Normal control 
10 
10 


Smo wm > 


* Mean value. 


tive) and non-cirrhotic (Group E postre- 
gerative versus Group D postregenerative ) 
rats (p « 0.05). BAPN administered pre- 
operatively also reduced the amount of col- 
lagen deposited during healing of DMN- 
induced cirrhosis (Group A preop. versus 
Group C preop., p < 0.015). Despite the 
reduction of collagen in liver regenerate, 
dry weight, noncollagenous protein, and 
mitotic activity were not significantly af- 
fected by BAPN treatment (Tables 1, 3, 
and 4), 


Discussion 


Our data, different from those obtained 
in CCL-induced cirrhosis, demonstrate that 
rat liver after DMN-induced cirrhosis re- 
generates less well than liver from a pair- 
fed control animal)? Although DMN is a 
powerful and specific hepatotoxin, the drug 
is metabolized within a few hours. The 
4-week delay between the last dose of 


- Cirrhosis + preop. BAPN 
Cirrhosis -+ postop. BAPN 


Normal +- postop. BAPN 
Normal + preop. BAPN 


Preoperative* Postregenerative* 


rg./Gm. Liver S.E. mg./Gm. Liver S.E. 


(dry wt.) (dry wt.) 
565.5 + 34.4 560.0 + 21.8 
485.7 + 39.5 532.9 + 20.9 
625.5 + 49.3 596.7 + 25.7 
556.0 +: 31.2 616.0 + 21.5 

| 554.0 + 27.7 617.0 + 23.0 
532.0 + 24.9 639.0 + 26.2 


DMN and liver amputation should have 
been adequate for all DMN to be removed. 
Although delayed metabolic effects of DMN 
could have been responsible for decrease 
in dry weight of liver regenerate, collagen 
concentrations of cirrhotic livers prior to 
amputation were significantly higher than 
controls. In this case, there appears to be 
a relationship between initial hepatic col- 
lagen concentration and the ability to re- 
generate normal liver mass. 

BAPN administration significantly re- 
duces collagen concentration in a regen- 
erating liver. In addition, BAPN adminis- 
tered during recovery from DMN-induced 
hepatic injury significantly decrease hepatic 
collagen concentration. Because total col- 
lagen in both control and cirrohtic livers 
represents less than 196 of total liver pro- 
tein, the demonstrated decrease in collagen 
is not reflected directly in the weights of 


TABLE 4. Ten-Day Postregenerate Thymidine Incorporation in Cirrhotic, Lathyritic, 











5. and Pair Fed Control Rets 

Postregenerate 

- dps oU hohe Sar 
Group No. Description Free 

A 9 Cirrhosis + preop. BAPN 39.80 + 6.92 
B 7 Cirrhosis + postop. BAPN 36.70 + 11.24 
C 9 Cirrhosis control 24.50 + 5.07 
D 10 Normal control 28.89 + 5.91 
E 10 Normal 4- postop. BAPN 36.40 + 7.47 
F 10 Normal 4- preop. BAPN 37.33 + 5.39 





* Mean value. 
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regenerating livers. Under BAPN adminis- 
tration the mean dry weight of regenerate 
was greater than controls; the difference, 
however, was significant only at the 7% 
level. BAPN administration and a reduction 
in collagen concentration did not have a 
significant effect upon the parameters of 
liver regeneration which we measured. Al- 
though collagen cross-bonding in hepatic 
regenerate was not measured specifically, 
the logical assumption is that inhibiting 
covalent cross-bonding in hepatic collagen 
does not significantly affect regeneration. 
Additional data, however, are needed to 
exclude the possibility that a reciprocal re- 
lationship exists between collagen synthesis 
and liver regeneration. 

BAPN does not inhibit collagen synthesis 
specifically? The significant decrease in 
total collagen following BAPN administra- 
tion could be due to increase in collageno- 
lytic enzyme activity, a non-specific depres- 
sion of collagen synthesis, or accelerated 
turnover of poorly cross-bonded collagen. 
Of the three possibilities, a non-specific toxic 
effect upon protein synthesis seems most 
likely. BAPN administered to human beings 
has resulted in an occasional case of mild 
hepatitis characterized by periportal lym- 
phocytic infiltration and rise in serum glu- 
tamic-oxalacetic transaminase.! Although 
specific animal measurements are not avail- 
able, such data suggest that BAPN may 
have a non-specific toxic effect on the liver. 
'The remaining two possibilities, that hepatic 
collagen was removed more rapidly by ac- 
tivation of collagenolytic enzyme or acceler- 
ated turnover of poorly cross-bonded col- 
Jagen also are possible. Because BAPN does 
not inhibit collagen synthesis, further in- 
vestigations utilizing specific collagen syn- 
thesis inhibitors are in order. 

Nutritional factors may have played a 
role. Rats in control Groups D, E. and F 
were significantly undernourished. By being 
pair-fed against cirrhotic control rats, they 
served as nutritional controls for the effect 
of BAPN. Normal rats would have gained 
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10% of taeir body weight during the 10-day 
regeneration period; rats in this experiment 
lost an average of 14% of body weight, 
indicating a moderately severe malnutrition. 
Although pair-feeding provided necessary 
nutritional controls, protein synthesis is in- 
hibited in undernourished rats and the ef- 
fect cf pair-feeding in this experiment may 
have minimized any specific effect of BAPN. 
Our deta indicate clearly that regenerated 
liver in cirrhotic and undernourished rats 
has significantly reduced collagen content. 
Liver regenerate in DMN-induced cirrhotic 
animals contained less collagen than cir- 
rhotic or normal liver. The significance of 
this finding is not clear, but implications for 
treatment of hepatic disorders characterized ` 
by deposition of connective tissue are in- 
triguing. In cirrhotic rats, amputating the 
liver and allowing regeneration to occur 
was an effective method of reducing col- 
lagen concentration. Although the primary 
cause of physiological abnormalities in hu- 
man and animal cirrhosis has not been 
elucidated, alterations in physical properties 
of liver resulting from deposition of firm 
scar tissue may be involved. Livers with 
dimethylnitrosamine-induced cirrhosis were 
more firm than normal; consistency of liver 
regenerate in cirrhotic rats appeared nor- 
mal. Although weight of regenerate in cir- 
rhotic animals was significantly lower than 
non-cirrhotic controls, liver mass was ade- 
quate tc maintain health. Whether physio- 
logical abnormalities in cirrhotic animals 
can be altered following amputation and 
regeneration remains untested. 


Summary and Conclusions 


1. Hepatic regeneration following 70% 
amputation is significantly less in rats with 
DMN-induced cirrhosis than in pair-fed 
controls. 

2. Ths concentration of collagen in liver 
regenerate of cirrhotic and pair-fed control 
rats is less than in preamputation specimens. 

3. BAPN during healing after DMN- in- 
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duced cirrhosis produces a significant de- 
crease in collagen deposition. 

4. BAPN reduces the amount of collagen 
in regenerated liver in cirrhotic and pair-fed 
control rats. 

9. Reduction of collagen in regenerating 
rat liver does not result in significant in- 
crease in dry weight, noncollagenous pro- 
tein, or mitotic activity. 
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Portal Hypertension in Childhood 
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MASSIVE GASTROINTESTINAL BLEEDING in 
children presents a very disturbing problem 
ánd is frequently the first manifestation of 
portal hypertension. Evaluation of children 
with portal hypertension using current tech- 
nics provides a safe and accurate localiza- 
tion of the obstruction of portal flow to the 
intrahepatic or extrahepatic areas. In the 
majority of instances portal hypertension oc- 
curs secondary to extrahepatic block caused 
by portal vein thrombosis while cirrhosis 
causing an intrahepatic block is seen less 
frequently. The management, operative pro- 
cedures and overall prognosis differs in chil- 
dren with portal thrombosis and those with 
cirrhosis. Portal decompression is the objec- 
tive of operative management of these pa- 
tients but the complex course frequently 
demands prolonged non-operative manage- 
ment and a variety of ancillary surgical pro- 
cedures which do not directly reduce portal 
venous pressure. 

This report reviews the course and man- 
agement of 33 children under the age of 15 
years treated in the Vanderbilt Medical 
Center with portal hypertension. It includes 
a long-term follow-up study of 22 patients 
reported in 1963° and the addition of 11 
new patients treated since 1963. All surviv- 
ing patients were recalled and reevaluated 
as to current status and shunt patency. One 
patient was lost to follow-up providing a 
97% follow-up. 
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Presentation 


There were 33 patients who ranged in 
age from 2 months to 14 years at the first 
manifestation of portal hypertension. The 
group included 14 females evenly divided 
in the cirrhosis and portal vein thrombosis 
groups and 19 males only 3 of which had 
cirrhosis. Portal vein thrombosis was the 
etiology in 23 patients and cirrhosis in 10 
patients (Figure 1). The first manifestation 
of portal hypertension included hemorrhage 
in 21 patient's, splenomegaly in four, fever 
in two and ascites in one and hepatomegaly 
in one patient (Table 1). In seven patients 
the initial hemorrhage presented as blood 
per rectum in two of which there was bright 
red rectal bleeding. The initial findings on 
physical examination included splenomegaly 
in 32 patients, hepatomegaly in 18, ascites 
in seven, jaundice in one and cutaneous 
spiders in one. Initial hemorrhage as well 
as recurrent episodes were preceded by a 
febrile episode with or without an upper 
respiratory infection in over one half of the 
bleeding episodes. 


Evaluation 


Evaluation consisted of complete blood 
ccunts and liver function tests, esophago- 
gram and splenoportography with measure- 
ment of splenic pulp pressure. The latter 
test became a routine part of the evaluation 
in the mid 19505. 

All patients with the portal vein thrombo- 
sis had normal liver function tests while 
eight of 10 patients with cirrhosis had nor- 
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T-THROMBOSIS 


C- CIRRHOSIS 
[ ]- FEMALE 
NO. OF 
PATIENTS 
5 
4 
3d 





Fic. l. Age at first manifestation of portal 
hypertension. 


mal liver function. Hypersplenism was re- 
flected in the hemogram in seven patients 
with portal vein thrombosis and eight pa- 
tients with cirrhosis. Esophagogram was 
done in 30 patients. Varices were seen in 
seven of 10 patients with cirrhosis and in 
16 of the 20 patients with portal vein 
thrombosis. 

Splenoportography was done in nine of 
the 10 patients with cirrhosis and 13 of the 
23 patients with portal vein thrombosis. 
The 10 patients with portal vein thrombosis 
who did not undergo splenoportography 
were treated prior to 1953. The splenoporto- 
gram has allowed preoperative differentia- 
tion between cirrhosis and portal hyperten- 
sion (Fig. 2) and has been used postopera- 
tively to evaluate shunt patency. Splenic 
pulp pressure has ranged from 195-600 mm. 
saline. More than 60 splenoportograms have 
been done in 22 of the children in this 
study without complication. One patient 
was thought to have a subphrenic abscess 
after the splenoportogram but exploration 


TABLE 1. First Manifestation of Portal Hypertension 








Cirrhosis Thrombosis 








Hemorrhage 1 Iz Uu 
Splenomegaly | 4 
Fever of unknown origin | l 
Ascites 0 1 
Hepatomegaly | 0 


* Blood per rectum. 





Fic. 2A. Splenoportogram in an 8-month-old 
boy showing the typical venous pattern of portal 
vein thrombosis with extensive perigastric and peri- 
esophageal collaterals and very little portal flow 
to the liver. 


failed to confirm this diagnosis. Prior to 3 
years ago we used general anesthesia for 
splenoportography, since that time sedation 
with Ketamine has sufficed. The needle is 
inserted through the 9th intercostal space 
and following the procedure the patient lies 
with the left side down for 2 hours. 


Cirrhosis 


Cirrhosis was the cause of the portal hy- 
pertension in 10 patients. There was a his- 
tory of jaundice or a febrile episode which 
may have been hepatitis in four patients. 
The other six patients had no history of 
antecedent hepatic disease. 

Hemorrhage was the primarv indication 
for operation in six patients ( Table 2). The 
mean time interval from the first hemor- 
rhage to operation was 1.5 vears with a 
range of 0-6 years. Two patients were 
shunted after the first hemorrhage and four 
after repeated bouts of hemorrhage. The six 
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TABLE 3. Results of Operative Treatment in 

Ten Patients with Cirrhosis 


No. Shunt Operative Late 


Operation Patients Patent Deaths Deaths 
Portacaval 
shunt 4 4 | 1 
Splenorenal 
shunt 6 0 3 
Total 10 9 | 4 


* The one thrombosis was discovered at autopsy 9 
vears after the operation. 


Operative Management 


Patients with cirrhosis have required 12 
operative procedures to correct or control 





the complications of portal hypertension. 
These included four portacaval shunts, six 


Fic. 2B. Splenoportogram in a 7-year-old girl 
showing the typical pattern of cirrhosis with a à; ; 
patent portal vein and a very small liver. There is tion of varices in two patients (1 able 3). 


splenorenal shunts and transthoracic liga- 


also retrograde filling of the umbilical vein. 


patients had an average of three bleeding 
episodes prior to operation with a range of 
1-6 hemorrhages. Hypersplenism was the 
indication for operation in four patients 
(Table 2). All four patients had a spleno- 
renal shunt. 


Non-Operative Management 


Patients who hemorrhaged were managed 
non-operatively if possible to allow optimal 
preparation for an elective shunting pro- 
cedure. Non-operative management con- 
sisted of bed rest, sedation, and blood trans- 
fusion. Intravenous pitressin was used in 
one patient and a Blakemore Sengstaken 
tube in two patients. Ascites was managed 
with diuretics, sodium restriction and ad- 
ministration of serum albumin. 


TABLE 2. Indication for Operation 








Cirrhosis Thrombosis 
OMEN! 7 ! ! Fic. 3. Demonstration of patency of H-type 
Hemorrhage 6 21 Teflon graft portacaval shunt 3 years postoperative 
Initial 2 5 in a l7-year-old young lady. Catheter is inserted 
Repeated 4 16 via right saphenous vein and shows patent Teflon 
Hypersplenism 4 0 graft (1) and flow into portal vein and inferior 


E vena cana (2). 
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Fic. 4. Splenoportogram in a 10-year-old girl with 
cirrhosis 4 years after portacaval shunt. 


Portacaval Shunt 


Portacaval shunt was done in four pa- 
tients whose ages were 5, 6, 7, and 14 years. 
One patient had undergone gastric transec- 
tion and suture of varices 3 months pre- 
viously. Side-to-side shunt was used in one 
patient with repeated hemorrhages who had 
severe cirrhosis and ascites. In one patient 
(age 14 years) portacaval shunt was done 
using woven crimped Teflon graft, 2 cm. in 
length and 14 mm. in diameter, to create a 
H type shunt (Fig. 3). This shunt has now 
been patent for 11 years. End-to-side porta- 
caval shunt was used in the other two pa- 
tients. One patient bled postoperatively 
despite a patent shunt demonstrated radio- 
graphically (Fig. 4). After balloon tam- 
ponade failed to control the hemorrhage, 
transesophageal ligation of the varices was 
used. There were no subsequent bleeding 
episodes. Two shunts are currently patent 


TABLE 4. Causes of Death in Five Patients with Cirrhosis 














No. 

Cause of Death Patients Postoperative 
Hepatic failure 2 3 weeks, 6 vears 
Acute hepatitis and 

hepatic failure 2 13 mo., 9 vears 
Tuboovarian 

abscesses | 12 vears 





Fic. 5. Demonstration of patent splenorenal 
shunt (arrow) in a 13-year-old girl with cirrhosis 
9 years postoperative. Catheter is inserted via the 
right saphenous vein. SV—Splenic Vein, RV— 
Renal Vein and IVC—Inferior Vena Cana. 


and the other two were patent at autopsy 
in patients who died 3 weeks and 12 years 
postoperatively (Table 4). 


Splenorenal Shunt 


Splenorenal shunt was used in six pa- 
tients, they ranged in age from 4 to 14 years 
(average 12.4 years) with only one child 
under 9 years of age. Four were operated 
on for hypersplenism and two for hemor- 
rhage. End-to-side splenorenal anastomosis 
after splenectomy was used in each instance 
(Fig. 5). 
postoperatively in one patient who survives 
now 22 years after operative with a patent 
shunt and no further hemorrhage. One pa- 
tient died of hepatic failure 9 years post- 


Hemorrhage recurred 2 years 


operatively and was found to have an oc- 
cluded shunt. This is the patient who was 
4 years old at the time of shunting. He had 
no varices and had not bled after spleno- 
renal shunt. All other splenorenal shunts are 
open currently or were open at autopsy in 
the two patients who died 1 and 6 vears 
postoperativelv. 
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Fic. 6A. Splenoportogram in a 15-month-old 
boy showing an intraluminal defect (arrow) in the 
portal vein suggestive of a clot. Splenic pulp pres- 
sure at this time was 300 mm. saline. 


Course-Early 


There was one postoperative death in a 
7-year-old girl with severe cirrhosis in 
whom preoperative laboratory studies in- 
cluded BSP retention 18%, Albumin 2.0 
Gm./100 ml. Cephalin flocculation 4 plus, 
thymol turbidity 7.0, and bilirubin of 1.5 
mg./100 ml. Death resulted from hepatic 
failure 21 days after a side-to-side porta- 





Fic. 6B. Splenoportogram in the same patient 
at 4% years of age showing thrombosis of the 
portal vein with decrease in hepatic flow and de- 
velopment of periesophageal collaterals. Splenic 
pulp pressure at this time was 450 mm. saline. 
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caval shunt. Both patients who required 
use of the Blakemore-Sengstaken tube and 
ligation of the varices also required tra- 
cheostomy for aspiration pneumonitis. 


Late 


There have been five deaths in the 10 
patients with cirrhosis ( Table 4). Four re- 
sulted from hepatic failure. Death occurred 
6 years and 9 years after operation as a 
result of acute hepatitis superimposed on 
pre-existing cirrhosis in two patients. Death 
in one patient was unrelated to hepatic dis- 
ease, but resulted from complications of 
bilateral tuboovarian abscesses. 

The five survivors with cirrhosis are now 
1, 2, 7, 12 and 22 years after operation. 
All patients have patent portosystemic 
shunts, are free of varices on esophagram, 
and are leading normal, active lives. 


Portal Vein Thrombosis 


Thrombosis of the portal vein was the 
cause of portal hvpertension in 23 patients. 
A history of neonatal omphalitis was ob- 
tained in six patients. Two patients had 
been treated for neonatal respiratory dis- 
tress syndrome with umbilical vein cath- 
eterization for monitoring purposes. One 
child had undergone cystojejunostomy for 
a choledochal cyst in infancy. 

One patient, with no antecedent disease 
to explain the portal vein thrombosis, de- 
veloped gastrointestinal hemorrhage at 15 
months of age and on splenoportogram was 
found to have a pulp pressure of 300 mm. 
saline. The portal vein was patent but there 
was a constant filling defect in the portal 
vein just before it bifurcated. Repeat spleno- 
portogram at age 4!5 years revealed com- 
plete occlusion of the portal vein with mas- 
sive venous collaterals and a splenic pulp 
pressure of 450 mm. saline. This patient has 
now had 15 bleeding episodes and is being 
managed by non-operative means until he 
reaches adequate size for a successful shunt- 


ing procedure (Fig. 6). 
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TABLE 5. Results of 18 Portal-Systemic Shunts in 13 Patients 
with Portal Vein Thrombosis 
Type of No. of Shunt Shunt Operative Late 
Shunt Shunts Thrombosis Patent Deaths Deaths 
Splenorenal 10 " ii 3 0 0 
Mesocaval 6 2°* 4 0 0 
Make shift 2 fi 0 0 0 





* Three then had mesocaval shunt. 
** One then had splenorenal shunt. 
*** One then had a mesocaval shunt. 


Variceal hemorrhage was the indication 
for operative treatment in all patients (Ta- 
ble 2). Operation was performed after ini- 
tial hemorrhage in four patients and after 
repeated hemorrhages in 16 patients. There 
was a mean interval of 2.3 years from the 
first hemorrhage to initial operation. The 
bleeding episodes ranged from 1 to 9 prior 
to initial operation with a mean of 3.2 epi- 
sodes. Two patients have had no operation 
thus far and are managed by non-operative 
measures until they reach adequate size for 
successful shunt. 


Non-Operative Management 


The management of hemorrhage in chil- 
dren with portal vein thrombosis is some- 
what more refined than that used in in- 
stances early in this series. The elements of 
current management consist of careful moni- 
toring and observation with bed rest, seda- 
tion, blood transfusion and intravenous 
pitressin. Hemorrhage has been of limited 
duration with this approach and valuable 
time has been gained to allow growth and 
increase in size of the portal venous system. 
Liver function studies have been normal 
and hepatic failure and ammonia intoxica- 
tion have not occurred with bleeding epi- 
sodes in these patients. Four patients, with 
a total of 27 hemorrhages, are currently 
being followed until they are large enough 
for shunting operations. Two patients have 
had no operations thus far while ligation 
of varices and thoracic transposition of the 


spleen have been used as temporizing mea- 
sures in the other two patients. 


Operative Management 


Surgical procedures directed at correction 
or control of the complications of portal hy- 
pertension have been necessary in 21 of the 
23 patients with portal vein thrombosis. 
There have been 38 surgical procedures 
used in the 21 patients. 


Splenorenal Shunts 


Ages ranged from 3 to 13 years at the 
time of operation. Three of the 10 shunts 
are currently patent. The three patients 
with patent shunts have no evidence of 
varices on esophagogram (Table 5). These 
shunts were constructed at ages 7, 9, and 
13 years (average 9.7 years). The seven 
patients in whom the shunt thrombosed 
ranged in age from 3 to 11 years and aver- 
aged 7.7 years. Splenorenal shunt was the 
initial operative procedure in nine patients 
and was done after failure of a cavomesen- 
teric shunt in one patient. Recurrent hemor- 
rhage led to subsequent operations in four 
(three had mesocaval shunts and one an 
esophagogastrectomy ) of the seven patients 
with occluded shunts. In all three of the 
patients with occluded shunts who have not 
been operated upon again, the occluded 
shunt was found when we recalled them for 
study and not because they had rebled or 
were having any trouble. Two have had no 
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Fic. 7A. Splenoportogram in a 9-year-old girl 
with portal vein thrombosis. Injection of dye into 
the spleen (1) is followed by filling of the splenic 
vein (2) and periesophageal collaterals ( 3). There 
is minimal hepatic portal venous flow. 


further hemorrhage. One patient has had an 
isolated hemorrhage 18 years after opera- 
tion and now survives 22 years after surgical 





Fic. 7B. Portal venogram in the same patient 


at 18 vears of age. The study was obtained by 


selective injection of dye into the superior mesen- 
teric artery. There is no evidence of patency of the 
splenoral shunt done at 9 years of age. There is 
a striking increase in hepatic portal venous flow 
and large perigastric and periesophageal collaterals. 
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treatment and has had no further hemor- 
rhage. All three have varices on esophagram 
and a striking network of venous collaterals 
from the portal system (Fig. 7). No shunts 
have been performed in patients with portal 
vein thrombosis less than 9 years of age in 
the past 15 years. 


Cavomesenteric Shunts 


Six patients ranging in age from 6 years 
to 20 years have undergone cavomesenteric 
shunts. In two patients the shunt throm- 
bosed in the early postoperative period. In 
one, a 9-year-old girl, a splenorenal shunt 
was done. It is patent and she has had no 
further trouble. The other patient with an 
occluded shunt developed ascites which 
subsequently cleared and he has had one 
episode of hemorrhage. He is being man- 
aged conservatively and will have a spleno- 
renal shunt later. Four patients have radio- 
graphically proven (Fig. 8) patent cavo- 
mesenteric shunts which have remained 
functional for 7, 9, 13, and 17 years re- 
spectively (Table 5). There has been no 
further hemorrhages in any of the four 
patients and no evidence of varices on 
esophagogram. Three of these four patients 
underwent shunt, 3 months, 5 and 15 years 
previously, which had thrombosed. 


Make Shift Shunt 


In five patients (four were operated upon 
before 1955) an attempt was made to find a 
large collateral vessel suitable for anasto- 
mosis to the inferior vena cava. Four pa- 
tients had previously undergone splenec- 
tomy, one for a splenorenal shunt which 
had failed. The area of the portal vein and 
superior mesenteric vein was dissected in 
these patients and in only two was a usable 
vein found. The make-shift shunts failed in 
both of these patients (Table 5). Two pa- 
tients in whom no shunt could be done died 
of hemorrhage in the postoperative period. 
The third patient has had recurrent hemor- 
rhage but no further operation. 
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Splenectomy 


Splenectomy alone has not been used in 
the past decade. Prior to this time period 
splenectomy alone was used in six patients 
(only one was done since 1952) whose ages 
ranged from 3-14 years. Splenectomy was 
done as the initial operation in all six pa- 
tients. All patients rebled in 6 months to 
2 years after splenectomy. Three patients 
had subsequent operations. Two of the 
three patients in whom the only operation 
was splenectomy died from hemorrhage S 
months and 5 years after operation. 


Ligation of Varices 


Varices were ligated in four patients 
ranging in age from 8 months to 12 years. 
Transgastric technic was used in one pa- 
tient and transesophageal ligation of varices 
was used in three patients. This was used 
as the initial operation in two patients ages 
5 months and 4 years in an attempt to defer 
shunting procedure to an older age. Two 
patients had ligation of varices after pre- 
vious operations. There were no postopera- 
tive deaths in the four patients who under- 
went ligation of varices, but all rebled from 
6 months to 1 vear after operation. 


Esophagogastrectomy 


Esophagogastrectomy was used in four 
patients ranging from 7 to 15 years of age. 
These patients had undergone prior opera- 
tions all of whom subsequently rebled. 
Anastomotic stricture, resistant to repeated 
dilatations, in one patient was managed 
with substernal colon interposition. Recur- 
rent hemorrhage 3 months postoperative, 
necessitated complete resection of esopha- 
gus and proximal stomach. He subsequently 
has done well with no further hemorrhage. 
One other patient who underwent esopha- 
gogastrectomy had a colonic segment inter- 
posed and survives 11 years after operation 
with no further hemorrhage. 





Fic. 8A. Splenoportogram in a 6-year-old boy 
with portal vein thrombosis demonstrating a strik- 
ing pattern of venous collaterals. The inferior vena 
cana (IVC) fills from the left renal vein (arrow) 
via a naturally occurring splenorenal collateral 
vessel. 


Thoracic Transposition of the Spleen 
One patient underwent thoracic transpo- 
sition of the spleen at age 2 vears after rc- 





Fic. 8B. Splenoportogram in the same patient 
at 14 years of age demonstrating a patent cavo- 
mesenteric shunt which has remained patent for 
8 years. A complete absence of the venous col- 
laterals in A is seen. 
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Fic. 9A. Splenoportogram in a 4-year-old boy 
who had thoracic transposition of the spleen at 
2 years of age. Striking collaterals are shown to 
the intercostal vessels of the thoracic cage. 


peated bouts of hemorrhage during 1 year 
for which he required transfusion of 26 
units of whole blood. He had two hemor- 
rhages in the first year after operation but 
has had no further hemorrhage in the past 
8 years. A striking pattern of venous col- 
laterals developed between the spleen and 
the chest wall, however, with increasing 
age these have diminished so that at pres- 
ent there are no demonstrable collaterals 
but instead a network of intra-abdominal 
collaterals with a greater portal blood flow 





Ann. Surg. + June 1972 
Vol. 175 * No. 6 


to the liver which have increased with the 
age of the patient and include at present 
varices about the gallbladder (Fig. 9). 


Overall Results of Portosystemic Shunts 
in Childhood Portal Hypertension 


Table 6 summarizes the results of all the 
shunts done for portal hvpertension in chil- 
dren. There was one operative death after 
portacaval shunt in a 7-vear-old girl with 
severe cirrhosis. The best results (100% 
patency) were obtained with portacaval 
shunts in children with cirrhosis. The worse 
results (30% patency) were obtained with 
splenorenal shunts in children with portal 
vein thrombosis. The high incidence of 
shunt thrombosis in this latter group is re- 
lated to the age and size of these children. 
Most were under 8 years of age. This is 
emphasized by the fact that five of six 
splenorenal shunts in children with cirrho- 
sis remained patent; these children were 
over 8 years of age and most of them were 
10 years of age or older. The one shunt that 
thrombosed in the cirrhosis group was in a 
4-year-old boy. The splenic vein in most 
children under 8 years of age is less than 
1 cm. in diameter. 


Fic. 9B. Splenoporto- 
gram in the same patient 
at 10 years of age shows 
loss of intrathoracic col- 
laterals and increase in 
hepatic portal venous flow 
and intraabdominal collat- 
erals with varices around 
the gallbladder (arrow). 
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TABLE 6. Portasystemic Shunts for Childhood Portal Hypertension 
Thrombosis Cirrhosis Combined Shunt 
Patency 
Type of Shunt Total Patent Total Patent Total Patent Rate 
Splenorenal 10 3 6 5 16 8 50% 
Cavomesenteric 6 4 —- -— 6 1 66° ¢ 
Portacaval -— -— 4 4 4 4 100% 
No. patients shunted 12 10 22 
No. with patent shunt 7 9 16 
Co with patent shunt 58% 900% 13% 





However, shunt patency may not be only 
criteria for a satisfactory result. Three of 
the children with a thrombosed splenorenal 
shunt had repeated episodes of hemorrhage 
preoperatively and were found to have a 
thrombosed shunt 9, 12 and 16 years later 
when we recalled them for follow-up study. 
None had rebled at that time, one has had 
a single hemorrhage since that time. 


Discussion 


The nature of portal vein thrombosis and 
cavernomatous transformation of the portal 
vein has received various explanations, how- 
ever, it is currently felt by most authors 
that it is the end result of thrombosis of the 
portal vein with the combination of reca- 
nalization and enlarging periportal collat- 
erals producing the picture of so-called 
cavernomatous transformation. Serial sple- 
noportograms in several patients in this 
study have shown both progressive and re- 
gressive thrombotic changes in the portal 
vein. One 15-month-boy when first seen 
had mild stenosis in the portal vein just 
before it bifurcated. Some 41 months later 
a repeat splenoportogram revealed com- 
plete occlusion with massive collaterals in 
the porto-hepatis (Fig. 6). This is the only 
patient in this series, or any other that we 
are aware of, who progressed from mild 
stenosis to complete occlusion. On the 
other hand we have seen several patients 
who when first studied had complete oc- 
clusion of the portal vein, virtually no por- 
tal collateral flow to the liver and who on 


later study showed massive portal flow via 
collaterals (Fig. 7). The patient with the 
thoracic spleen showed early development 
of thoracic collaterals which have seem- 
ingly disappeared as the collaterals in the 
porto-hepatis increased (Fig. 9). 

Portal vein thrombosis hase been attrib- 
uted to umbilical infection, intra-abdominal 
infection, neonatal sepsis and severe dehy 
dration. However, in the majority of pa- 
tients there is no history of infection or 
other disease which might explain the 
thrombosis. In two patients in this report 
portal vein thrombosis was attributed to 
neonatal transhepatic catheterization of the 
right atrium via the umbilical vein. How- 
ever, recent reports !^!*'* have indicated 
that umbilical vein catheterization, done 
for the purpose of blood sampling, ex- 
change transfusion or physiologic monitor- 
ing, is an uncommon cause of portal vein 
thrombosis. 

The etiology of childhood cirrhosis is also 
often difficult to determine. Many causes 
have been listed including congenital he- 
patic fibrosis, the cirrhosis of cystic fibrosis, 
Wilson's disease, and cirrhosis due to neo- 
natal and juvenile hepatitis. * 1°18 We 
have excluded infants with biliary atresia 
and other forms of obstructive cirrhosis 
from this study. Four of the children had 
histories of jaundice or prolonged febrile 
illness in the early years of life and prob- 
ably had hepatitis. In the other six children 
there were no histories of antecedent illness 
suggestive of hepatitis. 
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Evaluation of the child with suspected 
portal hypertension is fairly well standard- 
ized.» 1° It includes determination of 
liver function studies, complete blood 
counts, clotting studies, esophagogram, and 
splenoportogram in addition to complete 
history and physical examination. However, 
the definitive study is splenoportography 
with measurement of splenic pulp pressure. 
A splenic pulp pressure of 30 cm. saline or 
greater indicates portal hypertension. A 
normal splenoportogram should show only 
the splenic vein and the portal vein; opaci- 
fication of tributaries of either of these 
veins indicates obstruction and portal hy- 
pertension. Splenoportography also differ- 
entiates portal vein thrombosis and obstruc- 
tion secondary to cirrhosis (Fig. 2). When 
properly performed splenoportography is a 
safe and valuable diagnostic study. The use 
of Ketamine sedation rather than general 
anesthesia appears to be a step forward in 
the technic of splenoportography. Operative 
portography is still advocated by some ™ 
but is suboptimal in our opinion because 
(1) it usually consists of a single technic 
(2) we prefer to study the radiographs 
preoperatively and (3) because of satisfac- 
tion with preoperative splenoportography. 
Selective superior mesenteric arteriography 
provides an alternate method of portog- 
raphy and is especially helpful in patients 
who have had previous splenectomy. 

The child with portal vein thrombosis 
usually presents at an earlier age than the 
patient with cirrhosis.'* '* Ascites is often 
present early in the course of portal vein 
thrombosis but is usually transient.* ™ ° He- 
matemesis is the characteristic mode of 
presentation of the child with portal vein 
thrombosis, however, the initial bleeding 
may present as melena or bright blood per 
rectum. In this report, as well as others, *: ° 
there is a frequent relation between a feb- 
rile episode with an upper respiratory in- 
fection and the onset of bleeding. It has 
been suggested that this is related to the 
use of aspirin during the febrile episode." * 
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Hemorrhage usually occurs before the age 
of 10 years in portal vein thrombosis.^ '* 
Hypersplenism is a more frequent problem 
in the patient with cirrhosis though it sel- 
dom is a problem until after 4 years of age.* 

The initial management of children with 
portal hypertension due to cirrhosis and 
portal vein thrombosis is usually the same. 
The usual mode of presentation is upper 
gastrointestinal hemorrhage from esopha- 
geal varices. In both the cirrhotic child and 
the one with portal vein thrombosis the 
bleeding can usually be controlled with bed 
rest, sedation and transfusion of whole 
blood. If significant bleeding persists bal- 
loon tamponade with a Blakemore-Seng- 
staken tube can be used. In recent years 
we have been reluctant to use balloon tam- 
ponade in children and have come to rely 
more on the use of intermittent doses of 
2-3 units of intravenous pitressin. This has 
been effective in both the cirrhotic and the 
child with portal vein thrombosis. If bleed- 
ing continues we have resorted to trans- 
esophageal ligation of varices with control 
of hemorrhage which has persisted from 3 
months to 2 vears in the five children in 
which it was done. 

Once the hemorrhage has been controlled 
the therapeutic objective is to get the pa- 
tient in the best possible condition for a 
portal systemic shunt. Management of the 
cirrhotic and the child with portal vein 
thrombosis differs primarily in the timing 
of the portal systemic shunt. The child with 
cirrhosis is usually 5 years of age or older. 
At this age the portal vein is large enough 
to allow a successful portacaval shunt. 
Therapy is directed toward getting the 
child in the best possible nutritional state 
and then doing the shunt. 

In control the child with portal vein 
thrombosis usually presents with the initial 
bout of hemorrhage prior to the age of five, 
the protal vein is thrombosed and not avail- 
able for a shunt and the splenic and su- 
perior mesenteric veins are usually too 
small for a successful shunt. Furthermore, 
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control of the hemorrhage is more easily 
accomplished with conservative measures 
and the child is well between bleeding epi- 
sodes. In these children we have adopted 
a policy of conservative management until 
they are 8-10 years old before undertaking 
a shunt. We have four children in this cate- 
gory at the present time. One of them had 
transesophageal ligation of varices at the 
age of 9 months, he is now 5 years old and 
had had three episodes of bleeding in the 
interim, Another is the child with the tho- 
racic transposition of the spleen who bled 
twice during the following year but has not 
bled in the past 8 years. Two others have 
been managed with completely non-inva- 
sive technics, are now 4 and 5 years old and 
have had a total of 18 bleeding episodes. 
The major reason for adopting this policy 
was the high incidence of shunt thrombosis 
in children under 8 years of age in the 
1950's and early 1960's. 

Another problem in the post-hemorrhage 
management of the child with portal vein 
thrombosis is ascites. For reasons that are 
poorly understood following the bleeding 
episode they develop massive ascites. We 
have seen this repeatedly in the children 
who we are following until they grow to 
an adequate size for successful shunting. 
We have managed this problem with salt 
restriction, intravenous administration of 
human serum albumin and diuretics. Our 
pediatricians look askance on our giving 
albumin to a child with a serum albumin 
level of 3.0 Gm./100 ml. or more. However, 
in each instance the ascites has cleared in 
4 to 8 days and has not recurred until the 
child bleeds again. 

The only clear cut indication for opera- 
tive treatment in both the cirrhotic and the 
child with portal vein thrombosis is mas- 
sive variceal hemorrhage. Shunting proce- 
dures in the child with cirrhosis, varices, 
hypersplenism and who has never bled is 
more controversial. However, if one is go- 
ing to do a splenectomy for the hypersplen- 


ism in such a child we feel splenorenal 
shunt should be done at the same time. 

The operation of choice for the cirrhotic 
child is a portacaval shunt which has 
proven effective in preventing further hem- 
orrhage both in this series and others. 
Splenomegaly and hyperplenism regresses 
over varying periods of time after the 
shunt.'* If the splenic vein is 1.0 cm. in 
diameter or greater, a splenorenal shunt 
may be equally effective. Shunt patency in 
the cirrhotic children in this series was 
90%. The ultimate prognosis of the child 
with cirrhosis is closely related to the he- 
patic reserve much as in the adult cirrhotic. 
However, even the existence of severe cir- 
rhosis in a child does not preclude the pos- 
sibility of prolonged survival with careful 
management.” 

The operation of choice in the child with 
portal vein thrombosis is not so clear cut. 
Either a mesocaval shunt or a central sple- 
norenal shunt as described by Clatworthy ° 
should be equally effective if the splenic 
or the superior mesenteric vein are large 
enough to allow construction of an ade- 
quate size shunt. The splenic vein should 
be at least 1 cm. in diameter or greater. 
One problem with the mesocaval shunt is 
compression by the third portion of the 
duodenum. In order to get an adequate 
length, one may need to use a common 
iliac vein for anastomosis to the superior 
mesenteric vein. Tank and others '* feel the 
mesocaval shunt is the operation of choice 
because it allows successful shunting at an 
earlier age. The mesocaval shunt has been 
especially valuable in patients who have 
had a previous splenectomy or a spleno- 
renal shunt that has thrombosed. The fact 
that seven of the ten splenorenal shunts in 
this series thrombosed would seem to sup- 
port the advocates of the mesocaval shunt. 
However, most of those splenorenal shunts 
were done in the 1950's and in children un- 
der 8 years of age. 

Several other tvpes of operative treat- 
ment of portal hypertension due to portal 
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vein thrombosis have been used in this se- 
ries and others. Splenectomy alone is to be 
condemned. Three of the six children so 
treated in this series bled to death. Most of 
these patients were treated in the 1940s 
and early 1950's. Esophagogastrectomy, pos- 
sibly with colon interposition, still has a 
place when all other procedures have failed. 
Two of the four patients who had esopha- 
gogastrectomy are doing extremely well, 
both are in their 20’s and leading normal 
lives. One patient with an esophagogas- 
trectomy bled repeatedly 5 years later, had 
two explorations but a portal decompres- 
sion was not done and he died shortly after 
the second exploration. It would appear 
that this patient should have had a meso- 
caval shunt. The fourth patient with an 
esophagogastrectomy had a recurrence of 
variceal hemorrhage and did then have a 
successful mesocaval shunt. It should be 
noted that these patients with espohago- 
gastrectomy were treated in the 1950's be- 
fore the mesocaval shunt was widely recog- 
nized as a good operation. 

Thoracic transposition of the spleen, as 
used in one patient in this series, has not 
had widespread application in this country. 
It was used in a 2-year-old child following 
repeated bleeding episodes which required 
transfusion of 26 units of whole blood in 
one 12-month period. The child has devel- 
oped normally, has not bled for 8 years but 
he does have esophageal varices. If he 
should bleed again a portal systemic shunt 
will be done. 

It is important to keep in mind that the 
child with portal vein thrombosis has a nor- 
mal liver and if a successful portal systemic 
shunt can be constructed, the prognosis is 
excellent. A conservative approach to the 
management of bleeding episodes until the 
child reaches an adequate size increases the 
likelihood of a successful shunt. If one type 
of shunt thromboses, the other type of 
shunt can then be done. Of the 23 patients 
with portal vein thrombosis 19 are living. 
The four deaths are the result of treatment 
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as it existed in the 1940's and early 19505. 
It is our opinion that had these children 
been treated by current methods of man- 
agement they would all be alive. Of the 19 
children who are living: seven have a pat- 
ent shunt and are completely well, three 
with an occluded shunt are well, two with 
an esophagogastrectomy are completely 
well, five are awaiting a definitive shunt 
and finally two patients treated by splenec- 
tomy alone are in their 30's and still have 
varices and occasional melena but are lead- 
ing essentially normal lives. 


Summary and Conclusions 


The presentation, evaluation and man- 
agement of 33 patients with childhood por- 
tal hypertension have been reported. The 
course and management of those with cir- 
rhosis has been contrasted to the spectrum 
of problems encountered in the child with 
portal vein thrombosis. On the basis of this 
experience the following conclusion seem 
justified, they have changed little since our 
1963 report. 

l. Splenoportography is the definitive 
diagnostic study. 

2. Conservative measures 
most bleeding episodes. 

3. Suture ligation of the varices is occa- 
sionally required. 

4. Control of the hemorrhage by con- 
servative measures gains valuable time for 
growth of the child so that a successful 
shunt can be constructed. 

5. Splenectomy alone is not indicated in 
portal hypertension. 

6. A portal-systemic shunt is the only 
procedure likely to produce a lasting good 
result. 

7. A centrally placed splenorenal shunt 
one centimeter or more in diameter is satis- 
factory. 

8. A mesocaval shunt is also an excellent 
procedure and may be the procedure of 
choice in many cases. 

9. With the above two shunts available 
it should seldom be necessary to perform 
esophagogastrectomy. 


will control 
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We know that children sometimes tolerate pro- 
cedures and adapt themselves in a much better 
way than adults do. 

In any case it is of great value to see the 
results of this material, which is so well studied, 
well followed and well managed. 

When the shunt functions well these patients 
seem to live a perfectly normal life; and as I 
understand, you have not at all found the same 
amount of postoperative complications, especially 
of encephalopathy, that is so commonly reported in 
adults. I was very pleased to hear this, because 
this is our experience even with adults. We do not 
have at all the same amount of late encephalopathy 
that has been reported especially from the United 
States. I should like to know if you have any 
explanation for this difference in the results. 

You prefer to defer operation until the child 
has reached a certain age and size so the shunt 
can be made fairly large. There is less risk in 
delay of operation in children with extra-hepatic 
block because they have healthy livers which 
eliminates the hazard of hemorrhage as may occur 
in patients with cirrhosis. The healthy livers in 
thrombotic patients will not be so damaged by 
anoxia from the intestines as in cirrhotic patients. 
So it is very fortunate that portal hypertension in 
children mostly is caused by portal thrombosis. 
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It is believed that the shunt occludes so often 
in thrombotic instances because they are done in 
small children. I wonder if it is not also the fact 
that when you once have had a thrombotic process 
in the large portal contributaries, the shunt is more 
apt to occlude. We have found that even large 
splenorenal shunts are more apt to occlude if 
there has been a thrombotic process there pre- 
viously. 

I believe your report should encourage us to 
continue the shunt operations, with the indications 
that you have indicated. 

Dr. Peacock's paper about the healing process 
in the liver interested me especially from the 
histologic point of view. The healing process of 
the liver varies in different locations. On the sur- 
face it heals very nicely with abundant regenera- 
tion of the liver cells. In the walls of a central 
liver cavity, however, even if the liver cells 
regenerate there is very little scar tissue formed. 
The result is that the new liver cells necrotize, and 
you will have a healing process that never ends. 


Dn. Harris B. SHuMACKER, Jn. ( Indianapolis) 
discussing Paper No. 28: We, too, have been 
pleased with mesocaval shunts, in children partic- 
ularly, where no other shunt of adequate size 
seemed feasible. I would suggest that those who 
are interested in this operation familiarize them- 
selves with the procedure which I described a year 
or so ago, in which the very proximal end of the 
splenic vein is anastomosed obliquely, end-to-side, 
to the intact inferior vena cava. This has the 
advantage of avoiding division of the interior 
vena cava and permits an anastomosis of almost 
unlimited size. In my small experience the proximal 
end of the splenic vein is just about as large as the 
proximal end of the superior mesenteric vein 
itself. I think that we might gain some useful 
information if we studied more intensively those 
patients who do well despite the fact we have not 
carried out successfully an operative manipulation 
which is sound from physiologic and anatomic 
points of view. I would include patients who 
have done well even though our operative efforts 
have failed and those in whom we have performed 
an operation which in no way conceivably might 
improve the situation as far as the original portal 
hypertension is concerned. I must say that I have 
not carried out such detailed studies myself. 

May I mention one such case? This is a young 
lady, now 26, upon whom I operated 22 years 
ago, when she was a very tiny girl of 4, because 
of massive, uncontrollable upper gastrointestinal 
hemorrhage, with clearly demonstrable varices in 
the distal third of the esophagus and a large 
spleen. A spleno-renal anastomosis was carried out 
after splenectomy. The splenic vein was only 5 
mm. in diameter, and the renal 4. Her liver was 
normal, microscopically and grossly. 

A year later she only weighed 40 pounds, 
despite considerable growth. One year later she 
had hematemesis and tarry stools. The bleeding 
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ceased, she was transfused and she responded 
well until 1952 when she had again massive upper 
gastrointestinal bleeding. At that time, after con- 
trolling the bleeding temporarily, we introduced a 
sizable plastic catheter into a branch of the 
portal venous system, so that we could do repeated 
portocavograms. These demonstrated varicosities, 
showed no function of our spleno-renal anastomosis, 
and did not visualize the portal vein. We assumed, 
as we had in the first place, that she had a 
portal vein thrombosis or some congenital caver- 
nomatous replacement. 

More or less, in desperation, an esopha- 
gogastrectomy was carried out. She is now 26. 
She has had an occasional esophageal dilatation. 
She has been followed by our hematologists for 
a peculiar hypochromic macrocytic anemia, not 
due to blood loss. She has never had again, as 
far as we know, any gastrointestinal hemorrhage. 

I did nothing for her, in retrospect, which was 
successful, which should have improved the situa- 
tion, and yet she has grown into a fine young 
lady despite the failure of our efforts. 


Dr. GroncE Jounson, Jr. (Chapel Hill) dis- 
cussing Papers 26 and 28: We have confirmed 
Drs. Peacock and Madden’s work with dimethylni- 
trosamine. It does indeed lead to a cirrhotic 
model in many ways similar to that in man. We 
have concentrated our efforts on a study of the 
associated systemic, biochemical, and  physio- 
logical changes, and we will present these to you 
in the future. 

Dr. Peacock’s idea of allowing the liver to 
regenerate under the influence of a collagen in- 
hibitor is most provocative. Perhaps I missed it in 
his discussion, but I would ask: What happens 
to the regenerating cirrhotic liver without BAPN? 
Does it still develop cirrhosis while not under the 
influence of a cirrhosis producing drug? 

We agree with Dr. Foster that the child with 
portal hypertension persents a very difficult thera- 
peutic problem, and really wish to congratulate 
him on his results. If it is possible to delay any 
operative procedure, not only is the technic of the 
operation facilitated, but also the patient may 
cease to bleed from esophageal varices. Although 
it is hypothesized that this improvement with 
delay may be from the development of porto- 
systemic collaterals sufficient to decompress the 
portal system, it might also be from reversal of 
the hyperdynamic portal system. 

Fortunately, we have had only limited experi- 
ence with these children. In the past 8 years we 
have seen six children below the age of 10 years. 
One with portal vein obstruction and no cirrhosis 
has done well with a portocaval shunt. An 
ablative operation, consisting in the main of a 
splenectomy, ligation of the esophageal varices, 
resection of the greater curvature of the stomach, 
and ligation of the left gastric artery, has been 
performed in three patients with cirrhosis and 
one with portal vein thrombosis. Although two 
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patients have had rebleeding episodes which have 
usually been associated with ingestion of aspirin. 
They all continue to live a normal life up to 8 
years. One who has not been operated upon, and 
is approaching 14 years of age, has not bled in 18 
months. 

Although we do not recommend early opera- 
tion, for those patients with cirrhosis and a portal 
vein that is not patent or is too small an ablative 
operation, as we have described, seems to be a 
procedure that protects the patient from massive 
bleeding, and to the best of our knowledge does 
not lead to portal vein thrombosis. Thus a porto- 
caval, or a mesenteric caval shunt could be done 
at a later date. You have, of course, burned your 
bridges for a splenorenal shunt. 

I would like to ask Dr. Foster if he has noted 
any late deterioration of liver function in these 
children. I am interested that he has not seen a 
great deal of encephalopathy. 


Dr. AsunErL C. WirLrAMs (Jacksonville) dis- 
cussing Paper No. 28: Three of these patients 
came, as they frequently do, in threes, and de- 
scended upon me 14 and 15 years ago. They were 
catastrophic bleeders. Each one was operated on 
several times. One had a splenectomy. Two had 
splenorenal shunts. The shunts did not work in 
either. All three had ligation of esophageal varices 
as emergency procedures. 

All three of these children are alive. One is 21, 
and is in college. He was six when we treated 
him. The others were a little younger, and they 
are free of bleeding. They have had no bleeding 
since we ligated the esophageal varices. They were 
not cirrhotic cases. 

In view of what Dr. Shumacker said, we may 
have bleeding descend upon us again in all three 
but I hope not. 


Dr. GARDNER W. Situ (Baltimore) discus- 
sing Paper No. 26: Dr. Peacock studies with 
BAPN have certainly illuminated many aspects 
of wound healing, and his introduction of dimethyl- 
nitrosamine is a real contribution to the field of 
experimental liver disease. 

I really want to ask him a question. I believe 
that he has the data to answer it, but it was not 
mentioned in his presentation. The results which he 
showed indicated that his conclusions were based 
largely upon liver weights, both in the 70 per cent 
hepatectomized rats and in the cirrhosis model. 
I wonder if this parameter by itself can be applied 
confidently to a study of liver regeneration, or 
whether it would be more proper to term it liver 
cell hyperplasia. 

I noticed that he did mention studies of DNA 
synthesis with tritiated thymidine, and previous 
studies along those lines have indicated that liver 
cell hyperplasia and liver cell hypertrophy are two 
entirely different and separate processes. The 
question is: Is it possible that the increase in 
weight which he has seen relates to a reduction in 


collagen synthesis, if you will, and liver cell 
hypertrophy, without any actual hyperplasia? This 
might have some effect upon practical results as 
regards improving over-all liver function. 


Dn. Tuomas B. Patron (Birmingham) dis- 
cussing Paper No. 28: Usually we have a natural 
reluctance to use the spleen as a means for 
ascertaining patency of the portal vein. Here 
lately, Dr. Felix Henley of our activity, who is 
very proficient in the use of the catheter, has 
been performing celiac angiograms with a venous 
flush technic, which helps to ascertain the patency 
of the veins and those which might be used. We 
have tried the caval mesenteric shunts, but all 
too often have been disappointed with the result, 
because the same thrombosis which negates the 
use of the portal vein for the so-called portacaval 
shunt extends into the superior mesenteric vein. 
Then one really must stretch to find a vein, and 
the venograms are helpful, for, as has been 
pointed out, if one does not have a vein that is at 
least a centimeter in size, it is usually useless to 
perform some type of shunt. 

The socalled makeshift shunt has also been 
helpful to us, and many times there are enlarged 
veins in the right free border of the gastrohepatic 
omentum which can be used. In three of our cases, 
having had the so-called makeshift shunts, have 
had disappearance of varices. Their follow-up 
goes back 18 years. They married and have chil- 
dren of their own. So occasionally one does come 
through. 

We have also tried the use of grafts between 
the inferior vena cava and the side of the superior 
mesenteric vein to avoid mobilization and ligation 
of the cava. It is too early to assess these results, 
but all of these individuals have to be individually 
evaluated. Our percentage of successes has been 
higher when these children have come through 
their various bleeding episodes. They have had 
either conservative treatment or transthoracic, trans- 
esophageal ligation. They have come to the age of 
puberty or to the time when they have a growth 
spurt, at which time one might more realistically 
expect to find vessels which were of a proper 
size to permit decompression of the portal system 
into the general venous circulation. 


Dn. EnrE E. Peacock, Jn. (Closing discussion 
of Paper No. 26): I thank Dr. Sandblom for 
pointing out the difference in surface healing and 
central healing. I would just like to add further that 
it seems paradoxical to me that so much of what 
we know about wound healing is based only on 
the tensile strength between two skin edges, yet 
so many human health problems involve healing 
in solid organs such as liver and pancreas. I hope 
brilliant students in the future will be concerned 
with kinetics of healing in solid organs. 

Dr. Johnson, I would like to answer your 
question with a slide. (Slide) You have asked an 
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important question and I thank you for pointing 
out that I did not make the point clearly. 


The effect of BAPN was limited entirely to 
regenerated liver. Regeneration without BAPN 
did not reproduce the disease. Regeneration under 
BAPN effect further reduced the amount of 
collagen. 


Finally, Dr. Smith, you put your finger on an 
important point, the difference between hyper- 
trophy and hyperplasia—true regeneration—and 
whether or not that regenerate can support life. 


I think you will be satisfied by the data in the 
manuscript showing that collagen concentrations 
are true concentrations in which the effects of 
water and noncollagenous protein have been cal- 
culated. 


Dr. Joe A. PINKERTON (Closing discussion of 
Paper No. 28): Dr. Sandblom has had a distinct 
influence on the management of portal hyperten- 
sion at Vanderbilt, and while his kind remarks 
were directed at this paper, they certainly reflect 
on him as well. 


He raised several very interesting points which 
are covered in more detail in the manuscript, but 
I will try to cover them briefly here. 


The question of adaptation of the children 
with portal vein thrombosis with increasing age 
is one that has been interesting to us. Many of 
these patients were first seen in the forties and 
early fifties, and have now been followed for a 
number of years. With the passage of time there 
has been an increase in the pattern of intraab- 
dominal venous collaterals. In three patients we 
recalled and studied, who had had no bleeding 
episodes since their splenorenal shunt, we were 
surprised to find that the shunts in all three of 
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these patients were occluded. These patients did 
have esophageal varices on esophagogram, but clin- 
ically were excellent results. 

The development of an increase in collateral 
vessels may in fact have contributed to the 
thrombisis of the shunts in some of these patients. 
In the long-term follow up of these patients, liver 
function tests have remained absolutely normal, 
and in mone of the patients with portal vein 
thrombosis has hepatic encephalopathy been of 
any concern either postoperatively or following 
bleeding episodes. 

The prognosis of the entire group of patients 
is certainly different depending on the etiology of 
portal hypertension. Patients with portal vein 
thrombosis had a much better outlook, and with 
death occurring from hemorrhage when this 
could not be controlled by conventional means. 
Those with cirrhosis were at the mercy of their 
hepatic reserve, and one patient died in the early 
postoperative period from hepatic failure. 

The question that Dr. Sandblom raised as 
regards the progression of portal vein thrombosis 
as a factor in the occlusion of splenorenal shunts 
is interesting. If I could see the first slide, we have 
an example of progression of this process. 

(Slide) This is a splenoportogram that was 
performed on a 15-month-old boy with a splenic 
pressure of 300 mm. of saline. In the portal vein 
which was patent was noted a stenosing defect 
at approximately the point where it bifurcated. 
This was thought possibly to represent a small 
clot at this time. 

A repeat splenoportogram was done 41 months 
later, and is shown on the next slide. (Slide) The 
child was 4-1/2 years of age. At this time it 
shows complete occusion of the portal vein, with 
development of periesophageal collateral vessels 
and a decrease in the hepatic portal venous flow. 


Juvenile Polyps of the Colon and Rectum 
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JUVENILE potyps of the colon and rectum, 
also called retention or inflammatory polyps, 
were described as a pathologic entity by 
Versé? in 1908. They are distinctly differ- 
ent, especially microscopically, from adeno- 
matous polyps, villous adenomas and the 
polyps of Peutz-Jegher’s syndrome. 

Roth and Helwig ° suggested that such 
polyps arise from a cycle of mucosal ulcera- 
tions with inflammation of the surrounding 
glands and mucosa, causing blockage of the 
glands and formation of cystic spaces. An- 
other possible etiologic factor is allergy, a 
personal or family history of which was 
found in 11 of 13 patients by Alexander 
and associates. Juvenile polyps are not usu- 
ally hereditary, although Smilow and asso- 
ciates * reported juvenile polyposis occur- 
ring in three successive generations. 

Juvenile polyps are rare, occurring in 0.8 
to 1.1 per cent of asymptomatic children.? 
They occur most often in children and 
young adults, but Roth and Helwig ° ( Ta- 
ble 1) found some of them in older age 
groups. 

Colonic polyps in general have been 
given a bad name. Welch?? stated that 
malignant potential is directly related to 
size, site and number of polyps. Some 
authors * ** believe that there is a histo- 
logic and clinical difference between ade- 
nomatous polyps and juvenile polyps. Sher- 
meta and associates, Kottmeier and Clat- 
worthy * and Holgerson and co-workers * 
stated that juvenile polyps are not pre- 
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malignant lesions. Gelb and co-workers ? 
described coexistent juvenile and adeno- 
matous polyps in some patients. 

The main reason for removal of any type 
of polyp is bleeding, obstruction (usually 
intussusception) and the possibility of the 
presence of or the development of car- 
cinoma. The purpose of this study is to de- 
termine whether or not the above manifesta- 
tions occur with juvenile polyps. 


Material, Including Pathologic Changes 


Microscopic study of all polypoid lesions 
of the colon and rectum received in the 
Vanderbilt University Hospital surgical 
pathology laboratory from 1925 to 1970 re- 
vealed 100 cases which fit our pathologic 
criteria of juvenile polyp. Such polyps are 
usually pedunculated, although they are 
rarely sessile. The external surface is smooth, 
not velvety, and the cut surface usually 
shows visible cysts filled with grayish-white 
mucoid material (Fig. 1). Microscopically, 
they are usually ulcerated and show many 
polymorphonuclear neutrophils and eosino- 
phils. There are mucus-secreting columnar 
cells surrounding spaces of varying size 
which contain mucus. There was no de- 
tectable microscopic difference between the 
polyps in children and those in adults (Fig. 
2). We included no patients with pseudo- 
polyps of ulcerative colitis. 


Age, Sex and Race 


In our 100 patients, 64 were less than 10 
vears of age, and 79 less than 20 years of 
age (Fig. 3). There were 21 patients over 
20 years old, and five who were over 50, the 
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TABLE 1. Roth—Cancer—1963—158 Patients 














Age Per Cent* 

0-10 60 
11-16 0 
17-19 10 
20-35 22 
35+ a 





* Approximate. 
** One was 61. 


eldest being 61. There were 58 males and 
42 females. There were 87 Caucasians and 
13 Negroes, approximately the ratio of white 
to black admissions during this period.* 


Symptoms 


The most common complaint was bright 
red blood which was passed by rectum 
(Table 2). In 23 patients, there had been 
protrusion of a polyp from the rectum. 
Other complaints were change in bowel 
habits, abdominal pain and passing of 
polyps per rectum. Anemia was found in 
three patients ( packed cell volume less than 
30), but was severe enough to require trans- 
fusion in only one patient, this patient hav- 
ing multiple juvenile polyposis. The lowest 
packed cell volume was 25; there was no 
instance of massive bleeding. The passage 
of bright red blood was the most common 
presenting symptom (75 patients) (Table 
3). Protrusion of the polyp from the rectum 
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was the complaint which brought 11 pa- 
tients to the hospital. 


Method of Detection 


Polyps were found on rectal examination 
in 60 patients and seen on sigmoidoscopy 
in 80 (Table 4). Barium enema revealed 
polvps in only 47, but was useful in ruling 
in or out polyps in parts of the colon beyond 
the reach of the sigmoidoscope. The history 
of protrusion or of having passed the polyps 
was found in 16 patients. 


Site 

The sites of juvenile polyps are similar to 
those of adenomatous polyps or carcinomas. 
The rectum was the most common site with 
the rectosigmoid next in frequency and the 
sigmoid, third (Fig. 4). In five patients, 
polyps were present throughout the entire 
colon. 


Method of Removal 


Most of the polyps could be removed 
through the rectum (27 patients, Table 5) 
or through the sigmoidoscope ( 47 patients ). 
The polyp was passed spontaneously in five 
patients. In only 21 patients were the polyps 
at levels which required colotomy for re- 
moval. In five patients, the polyps were so 
extensive that subtotal colectomy was done 


( Table 5). 





Fic. 1. (A) Familial polyposis. (B) Juvenile polyposis. 


JUVENILE POLYPS OF COLON AND RECTUM 889 





B 


Fic. 2. (A) Juvenile polyp in a child. (B) Juvenile polyp in an adult. 


Number of Polyps per Patient 


Seventy patients had single polyps and 


30 had two or more. In five patients who 
had polyps throughout the colon and rec- 
tum, the polyps were all of the juvenile 


TABLE 2. Symptoms 





Bright red blood 82 
Protrusion 23 
Change in bowel habits 16 
Diarrhea 10 
Constipation 6 
Abdominal Pain 10 


Polyp passed by rectum 
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Fic. 3. Age (100 patients). 
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TABLE 3. Presenting Symptom 


Bright red blood 75 
Protrusion 11 
Change in bowel habits 7 
Polyp passed by rectum 5 
Pain 2 





type. Twenty-six of the 30 patients with 
multiple polyps were less than 20 years of 
age. All five of the patients with multiple 
juvenile polyposis were less than 20 years 
of age. 


Development of New Polyps 


Each of 25 patients developed a new 
polyp at some time during the follow-up 
period, three of them requiring a third pro- 
cedure for removal of one or more polyps. 
Although 61 of our patients have been fol- 
lowed more than 10 years, and 84 more 
than 5 years, 64 per cent of the patients de- 
veloping new polyps did so within one year; 
only 12 per cent occurred after 5 years. 


The Question of Coexistence of Juvenile 
and Adenomatous Polyps and the 
Development of Carcinoma 


In no patient did polypoid or villous 
adenoma exist with juvenile polyp. No pa- 
tient with juvenile polyps, during our pe- 
riod of follow-up, had polypoid or villous 
adenoma and none subsequently developed 
carcinoma of the colon or rectum. 

Even with multiple polyps (30 of our 
patients ), it is extremely rare to encounter 
coexisting adenomatous polyps or villous 
adenomas. This fact, along with the high 
frequency of auto-amputation, makes exci- 
sion less imperative in a patient with a juve- 


TABLE 4. Method of Detection of Polyp 





Digital rectal examination 60 
Sigmoidoscopy 80 
Barium enema 47 
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TABLE 5. Method of Removal of Polyp* 


Through sigmoidoscope 47 
By rectum 27 
Colctomy 

Passed spontaneously 5 
Resection** 3 








* Some had polyps removed by more than one 
method. 

** These 5 patients were subjected to subtotal 
colectomy for multiple polyps, all of which were the 
juvenile type. 


nile polvp beyond the reach of the sig- 
moidoscope. It may be that removal of 
such polyps can be done with the colono- 
fiberoscope.* If such a patient has symp- 
toms, the polyp or polyps should be re- 
moved. If there are multiple polyps through- 
out the colon which are causing symptoms, 
it is better to perform subtotal colectomy 
with preservation of the rectum rather than 
multiple colotomies. Before or after subtotal 
colectomy, rectal polyps should be removed. 


Summary 


We have presented the clinical manifesta- 
tions of 100 patients with juvenile polyps 
and follow-up data on 95 of them. 





X 5 involved at multiple sites 


Fic. 4. Sites of juvenile polyps.? 
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Conclusions 


l. The so-called juvenile polyps can be 
found in adults. 

2. In 100 patients, some had bleeding, but 
there was no patient with a packed cell vol- 
ume less than 25, no instance of intussuscep- 
tion, no coexistence with polypoid or villous 
adenoma and no carcinoma at the time of 
removal of the polyp or later. Therefore, 
there is no necessity for removal of such a 
polyp requiring laparotomy if a polyp re- 
moved through the rectum or sigmoidoscope 
has showed the microscopic characteristics 
of a juvenile polyp and if the patient has no 
symptoms. However, removal should be 
done, if it can be done, through the rectum 
or through the sigmoidoscope. Furthermore, 
such a polyp should be removed by colot- 
omy if no polyp can be obtained through 
the rectum or by the sigmoidoscope to 
prove that it is a juvenile polyp, or if symp- 
toms are present, 
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Extended Resection for Selected Adenocarcinomas 
of the Large Bowel 


Hiram C. Pork, fg, M.D. 
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and the University of Miami School of Medicine, Miami, Florida 


A LARGE NUMBER and wide variety of 
technics have been utilized in this century 
in an effort to improve the survival of pa- 
tients with adenocarcinoma of the large in- 
testine. Miles’ demonstration of the value of 
patterns of local growth and dissemination 
in designing appropriate resections was a 
major advance,? but subsequent treatment 
modifications, with the possible exception 
of the “no touch isolation" technic?' have 
proved of very limited usefulness in increas- 
ing the true salvage rate of patients harbor- 
ing colorectal adenocarcinoma. Indeed, at 
least two studies indicate that virtually all 
improvement in overall survival has been 
due to increased rates of operability and 
resectability and to striking decreases in 
treatment or operative mortality.?: 1° 

The continuing studies of Spratt and asso- 
ciates have better defined many character- 
istics of large intestinal cancer with respect 
to both treatment options and effect upon 
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survival! Some informative correlations 
have developed from these studies. A case 
in point is the observation that direct neo- 
plastic extension to an adjacent organ is 
not a statistically more adverse prognostic 
sign than one to five regional lymph node 
metastases. Many colorectal tumors are 
eagerly resected in the presence of obvious 
or suspected regional spread, but few are 
so attacked when the tumor extends into 
another organ. It has been established that 
tumor size is not a determinant of regional 
metastases in large bowel cancer? 13 Ac- 
tually. the seemingly advanced colorectal 
cancer which has invaded another organ 
often bears specific extremely favorable bio- 
logic characteristics, viz. the tendency to 
well-differentiated histologic appearance, 
large size without regional lymph node me- 
tastases, long duration without dissemina- 
tion, "pushing" tumor margins, and the 
microscopic presence of inflammatory re- 
sponse about the primary tumor. Further- 
more, metastases via the drainage routes of 
the invaded organ almost never occur. 
The purpose of the report is to describe 
a specific attempt to ascertain whether such 
lesions, approached aggressively, could be 
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treated for cure with acceptable treatment 
mortality and morbidity and with significant 
contribution to increasing long-term patient 
salvage. 


Materials and Methods 


Adenocarcinoma of the colon or rectum 
was initially diagnosed in 437 patients at 
the Jackson Memorial Hospital, Miami, 
Florida, in 1965-1970 inclusive. Thirty pa- 
tients underwent extended or multiple or- 
gan resections in an effort to control pri- 
mary or recurrent cancer during this period. 
This report concerns the 24 such patients 
personally cared for by the author, either 
directly or as attending surgeon on the 
ward service. Specifically excluded are those 
patients undergoing standard pelvic exen- 
teration? and those requiring multiple or- 
gan resections for exposure. The value of 
both these procedures in selected instances 
is well documented. 

Preparation of the patient for such opera- 
tions does not deviate significantly from that 
for patients expected to have standard re- 
sections. However, the bulky tumor mass 
was often palpable and in more than half 
the patients, extension to adjacent organs 
was suspected preoperatively. Judicious re- 
plenishment of red cell deficits 7 and a short 
course of a systemic antibiotic to minimize 
wound and intra-abdominal infection 5 were 
regularly practiced. Intestinal preparation 
consisted only of laxatives and liquid diets. 

The operative procedures per se were so 
thoroughly individualized that no technics 
became routine. However, the procedures 
were generally based upon certain concepts 
which may be of use to others contemplat- 
ing such resections. First and foremost is 
the mental and emotional preparation to 
undertake a resection which is not standard 
and often requires moment to moment im- 
provisation. Should abdominal wall in- 
volvement be suspected, the incision must 
be placed so as to contribute, or at least 
not interfere with, abdominal wall recon- 
struction. The incision must avoid the neo- 


plastic extension at all costs. The tumor and 
its attachments should not be disturbed 
until a thorough assessment of distant meta- 
static sites and coexistent intra-abdominal 
problems have been completed. Explora- 
tory dissections to establish resectability 
must neither violate the tumor nor commit 
one via destruction of blood supply to a 
resection which is neither technically feasi- 
ble nor biologically wise. On occasion, de- 
termination of resectability requires more 
than token imagination, both as to extirpa- 
tion and reasonable reconstruction. Whether 
the adherent organ is so by virtue of inflam- 
mation or neoplastic atttachment should be 
determined only upon pathologic study of 
the speciment; to biopsy or attempt separa- 
tion is to promote dissemination. To com- 
promise upon some margins of resection in 
an often massive, multiple organ excision is 
a temptation which must be ignored at all 
costs. The entire tumor must be removed 
en bloc and, insofar as possible, with respect 
to Turnbull’s ^no-touch isolation" technic." 
The latter goal cannot always be achieved, 
particularly in pelvic dissections where one 
must often "get a handle" upon the lesion. 
Finally, the methods of reconstruction must 
be chosen for their security. Indeed, the sole 
hospital death was predicated by complica- 
tions arising from ureteral reconstruction 
after right colectomy with en bloc segments 
of iliac crest, abdominal wall, a loop of 
small bowel, and much of the right ureter. 
Preferred technics for abdominal wall recon- 
struction have been described elsewhere.!! 


Results 


The median age of the 24 patients was 63 
years at the time of resection. Mean anes- 
thesia time and intraoperative blood trans- 
fusion volume were 215 minutes and 625 
ml, respectively. The median duration of 
hospitalization was 18 days. The median 
maximum chordal dimension of the primary 
tumor was 8 cm., indicative of the very 
large size of the cancers in question. The 
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TABLE 1. Additional Organs Excised 


Abdominal wall 7 
Uterus 6 
Small bowel 4 
Stomach, vagina, bladder, ureter 3 each 
Liver, duodenum, S & O 2 each 


mean number of organs resected was 2.7 
and is specified in Table 1. One of the 24 
patients (496) died in the hospital two 
months after operation; a total of nine pa- 
tients sustained at least one major com- 
plication. 

Five individuals underwent multiple or- 
gan excisions for recurrent colorectal adeno- 
carcinoma; three were treated for two re- 
currences of the disease. All patients with 
recurrent carcinoma had microscopically 
confirmed neoplastic invasion of adjacent 
organs. 

Of the 19 patients requiring extended re- 
section for primary large bowel carcinomas, 
two had only inflammatory adhesions to the 
adjacent organs. The cause of adherence to 
the 29 additional organs resected in these 
19 patients was carcinoma in 25 organs and 
inflammation in four. 

Survival of patients following extended 
resection is summarized in Table 2. The 
author personally examined each survivor 
in, April-June 1971 to ascertain his clinical 
status. Three of the five patients treated for 
recurrence died of the disease 10, 30 and 33 
months after multiple organ resection; one 
patient is alive with clinical re-recurrence 
36 months after extended operation. The 
other patient is free of cancer 17 months 


TABLE 2. Survival ofter Extended Resection 


Mean or 
# Pts. 95 Median Surv. 
Hosp. deaths 1 4 — 
Dead rec. cancer 8 33 28 mo. 
Dead intercurrent dis. 3 — Á] mo. 
Alive with cancer 2 — 33 mo. 
Alive and well 10 42 25 mo. 
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after extensive abdominal wall resection, 
partial cystectomy and segmental small 
bowel resection for a cancer recurrent in 
her incision after a previously compromised 
re-excision of the surgical wound for iso- 
lated recurrent cancer. 

The 19 patients treated for extensive pri- 
mary disease include the sole hospital death 
and five other patients in whom cancer was 
not controlled by even extended resection; 
they survived nine, 16, 27, 30, and 36 
months after operation. Three died of dis- 
seminated cancer without local recurrence 
whereas the other two suffered largely from 
failure to control their cancer locally. Nine 
patients are well and clinically free of can- 
cer six, 18, 23, 24, 25, 30, 40, 42, and 47 
months after operation. Among the sur- 
vivors are the two patients in whom adja- 
cent organ involvement proved to be only 
inflammstory. 

Another patient is presently alive with 
liver metastases 30 months after resection 
and taree patients died of intercurrent dis- 
ease without evidence of cancer 32, 41, and 
55 months after extended resection. Absence 
of tumor was confirmed in two at autopsy. 


Discussion 


This report is but a link in a growing 
chain >f data as to the biologie variability 
of colcrectal cancers. The relatively favor- 
able tumcr-free survival rate of 42% and 
the longevity of patients ultimately dying 
of carcinoma in our highly selected experi- 
ence are strong evidence that one can clin- 
ically select tumors which bear less virulent 
courses than do ordinary large bowel can- 
cers. Others have indicated as much.’ 
Whether such efforts will increase the over- 
all recovery from colorectal cancer remains 
to be sean. An educated guess suggests that 
about 8% of patients seen may be amenable 
to extended resection for cure and 4096 may 
be "cured." The net increase in survival, 
at best, is then three to four patients per 
hundred seen. Perhaps the major contribu- 


EXTENDED RESECTION FOR LARGE BOWEL CANCER 895 


tion of this effort is that extended, multiple 
organ resections can be accomplished with 
acceptable risk to the patient. Indeed, the 
operative (hospital) mortality for these 
cases is identical to that for standard colo- 
rectal excisions for cancer at the university 
medical centers! 

It is obvious that those patients seem- 
ingly well after multiple organ resections 
for extensive primary cancers must be fol- 
lowed for a longer period to ascertain that 
the salvage anticipated will be realized. 
This may be especially true in view of the 
relatively favorable tumor characteristics 
which led to the patients’ being selected for 
resection in the first place. The same char- 
acteristics may portend slow growth and 
late recurrence, 

Our seeming lesser success with exten- 


sively recurrent colorectal adenocarcinomas - 


may be but an obvious expression of the 
less favorable nature of the tumor destined 
to recur. Spratt and I have studied the en- 
tire follow-up process and concluded that 
more aggressive treatment of certain locally 
recurrent colorectal adenocarcinomas was 
warranted.® Dunphy, among others, has de- 
scribed favorable results from attempts to 
control recurrent tumors in such patients.’ 
The five patients with recurrent cancer in- 
volving several organs were an especially 
challenging group and it may be that a 
20% conversion rate to tumor-free status is 
acceptable. For example, only one of these 
patients allowed the excision of as few as 
two organs and one man required the re- 
section of portions of five organs to excise 
all gross tumor. 

This report is by no means unique for 
there has been an irregular flow of reports 
partially defining the role of such resections 
for selected colorectal cancers. Recently, 
Jensen, Balslev, and Nielson briefly de- 
scribed their experience in Copenhagen? 
in which 10% of all admissions with colonic 
adenocarcinoma required "extensive sur- 
gery." Their operative mortality rate was 
22% for such operations. They found that 


only five of 37 (1496) patients with histo- 
logic verification of cancerous involvement 
of another organ were alive 5 years after 
resection. Similar comparisons from the 
present report indicate eight of 24 of such 
patients to be free of cancer, but at an 
earlier time post-resection. Abdominal wall 
involvement was virtually the only site 
associated with favorable survival in Co- 
penhagen; the. present report indicates a 
broader applicability. El Domeir and 
Whiteley * have also described significant 
tumor control among patients whose re- 
sectable cecal cancer involves abdominal 
wall. 

As is so often the case, clinical documen- 
tation of many of the tenets advanced in 
this report long preceded the rationale 
which evolved from the studies of Spratt 
and colleagues. In 1946, Sugarbaker!* de- 
scribed appreciable salvage among patients 
requiring multiple organ resections for ex- 


‘tensive colorectal carcinoma and noted that 


extension to adjacent organs was frequently 
not accompanied by other adverse prog- 
nostic determinants of the cancer. Subse- 
quently, Van Prohaska and associates * de- 
scribed a similar experience with a com- 
mendable proportion of apparent cures and 
but one death among 21 such resections. 
Indeed, initially all of the principles and 
concepts espoused in this report may be 
found in the earlier narratives of Sugar- 
baker and Van Prohaska. 

Such reports lend some credence to the 
likelihood that 2- to 3-year survivals, even 
in these relatively favorable tumors, will be 
generaly equitable to 5-year control fig- 
ures. Of 23 patients in the experience of 
Sugarbaker and Van Prohaska who ulti- 
mately died of tumor, the median survival 
was just under 2 years, a figure well within 
the time range of this study. 


Summary 


Seemingly advanced adenocarcinomas of 
the large bowel which invade adjacent or- 
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gans but bear other favorable prognostic 
characteristics may be clinical identified. 
Multiple organ resections in judiciously se- 
lected patients with such tumors appear to 
control the neoplasm in a substantial num- 
ber of patients and may be conducted with 
acceptable operative risk. Such undertak- 
ings may allow a small but clearly identifi- 
able increase in overall patient salvage from 
adenocarcinoma of the large bowel. 
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Discussion 


Dr. James E. Davis (Durham): I will limit my 
remarks to Dr. McSwain’s paper and would like to 
ask three questions: 

We were encouraged this morning by Dr. 
Rhoads to remove polyps of the colon, and since 
Dr. McSwain is renowned both as a pathologist 
and as a surgeon, I would be interested in his 
opinion concerning the importance of the size 
of a polyp. Is it safe to observe, without removal, 
a polyp of certain size? 

I am impressed with the fact that none of his 
juvenile polyps were associated with polyps that 
have a greater propensity for malignant change, and 
in his series associated polyps were not removed. 
Has this safely been documented by others, and 
is it safe to leave multiple polyps if one is 
proved to be of the juvenile type? 
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Als», I would be interested in his assessment 
of the value of the colonoscope in the management 
of suca polyps. Obviously, this instrument was 
not available to him at the time this series of 
cases was being accumulated, but had it been 
availab.e, conceivably the 21 per cent of his 
patients who underwent laparotomy might have 
been avoided. 


Dn. Eucene M. Bricxer: I am going to confine 
my remarks to the paper that was presented by 
Dr. Polk, 

I wish to congratulate Dr. Polk on what I 
consider to be a worthwhile study and a very ex- 
cellent presentation. As he suggests, it is probable 
that aprlica-ion of the principles he enumerated to 
advanced and recurrent lesions such as he de- 
scribed will not appreciably affect the over-all 
survival rate of colorectal cancer; but there need 
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be no apology for this. Although the salvage rate 
may be very small, it is of momentous importance 
to the individual salvaged patient. The morbidity 
and mortality rates must be kept at a satisfactory 
level, and Dr. Polk has demonstrated that this 
can be accomplished. 

The biological favorability of selected patients 
with advanced colorectal cancer was apparent to 
me a good many years ago at the Ellis Fischel State 
Cancer Hospital in Columbia, Mo. back in 1940 
and 1941, at which time a series of similar opera- 
tions were done. This group of patients forms part 
of the series that was reported by Surgarbaker in 
1946. 

I would like to add emphasis to a couple of 
things that Dr. Polk has said. 

I could not agree more with him about the 
psychological preparation of the surgeon for what 
may become necessary in the operating room, to 
say nothing of the psychological preparation of the 
patient and the patient’s family. This entails 
recognition of the possibility before operaticn, 
in so far as this can be accomplished. The surgeon 
must avoid being caught with such a case in a 
busy schedule and on a busy day. He should avoid 
the possibility of his judgment being influenced by 
such controllable factors. This comment I make 
from personal experience. 

And secondly, the recognition of the bio- 


logically favorable lesion at the time of operation 


entails a very meticulous, painstaking search for 
liver and lymphatic metastases and peritoneal im- 
plants. I have spent as much as an hour on this 
part of the operation, in order to be sure that I 
had the type of lesion I was hoping it to be, be- 
fore embarking on an extended resection. The 
search usually entails multiple biopsies of regicnal 
nodes and periaortic nodes and periaortic soft 
tissue, looking for lymphatic permeation as well as 
metastatic nodes. Although nodal metastases in the 
field of possible resection are not necessarily a 
contraindication to an extended resection, the real 
tip-off as to the biological favorability of the lesion 
is the complete absence of demonstrable lymphatic 
or vascular spread. 

Finally, my own experience with reoperation 
for recurrent cancer of the rectum or rectosigmoid, 
either after abdominal perineal resection or low 
rectal anterior anastomosis, has been so bad that 
I doubt that any attempt at reoperation for cure 
should be made. There are palliative procedures 
that have much more to offer. 

I do not agree with Dr. Polk’s pessimism about 
the intraabdominal recurrence, especially if the 
first operation is considered inadequate. Unfortu- 
nately, inadequate operations do come along fairly 
frequently. Our experience is such that, after 
careful survey, I do not hesitate to submit such a 
patient to reoperation for intraabdominal recur- 
rence of colon cancer. The chances are much better 
than for recurrence of rectal cancer. 


Dr. Jack Wurre (Baltimore), discussing Paper 
No. 29: Dr. Sumner, Dr. Sabiston, Members and 


Guests: I rise to commend Dr. McSwain an his 
paper, which I think is most timely in calling 
attention to the nonmalignant nature of the 
juvenile polyps seen in children. 

We have been interested in this problem in our 
Division of Pediatric Surgery, and have undertaken 
a search of our own experience in an effort to 
rationalize our therapeutic approach. We have 
surveyed our experience at The Johns Hopkins 
Hospital with all polyps of the colon in children 
under 14 years. 

(Slide) During the years 1949 to 1967, we 
saw 38 children with polyps with a fairly equal 
sex ratio. Two thirds of these, as you notice, were 
under 7 years of age; the total group was under 
14 years. As Dr. McSwain has pointed out, 80 
per cent of juvenile polyps occur in the first 
decade of life. The symptoms in our series were 
bleeding per rectum in 34 children, and prolapse 
through the rectum in four. 

(Slide) These 38 children had 51 polyps. They 
were similar in gross appearance, and all were 
juvenile polyps. We did not find any adenomatous 
polyps. We excluded from this study any children 
with the typical stigmata of familial polyposis, or 
Gardner’s syndrome. 

(Slide) The last slide presents our current 
classification of colonic polyps in children. We 
think that the neoplastic or premalignant lesions 
of familial polyposis and Gardner’s syndrome are 
usually apparent, either by sigmoidoscopy or by 
their typical associated external appearance— 
Gardner’s syndrome, for instance—and should be 
treated aggressively by operation. 

The juvenile polyps, however, are non-neo- 
plastic, and we have adopted a more conservative 
approach. We feel that those within the research 
of the sigmoidoscope should be removed, and 
histologic confirmation obtained. As with Dr. 
McSwain’s experience, and in our survey of the 
literature, there has never been reported in child- 
ren an association of other types of polyps with 
juvenile polyps. As well, Dr. Jan A. Louw has 
pointed out that in the records of St. Mark’s 
Hospital in London, there has been only one case 
of an adenomatous polyp in a patient under 10 
years of age. 

We have noted that the natural history of 


such polyps is of spontaneous slough, with mini- 


mal bleeding. We have had only one case in the 
last six years that required transfusion, and that 
was of one unit again, the same experience that 
Dr. McSwain has reported to you. 

A recent review from St. Luke’s Hospital in 
New York by Holgersen, Miller and Zintel agrees 
with our approach. These authors have also noted 
that in the collected series of operations for 
juvenile polyps there was a 15 per cent morbidity 
in children, which includes dehiscence of the 
wound, intestinal obstruction postoperatively, and 
bowel fistulae. 

We have adopted, consequently, a more con- 
servative posture. We watch children with polyps 
carefully, and will recommend laparotomy only if 
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there is recurrent massive bleeding, intussuscep- 
tion, or the malnourishment syndromes which have 
been reported in a few cases. These cases warrant 
colotomy, and perhaps colectomy. 


Dr. Sam WhxAELEY (Louisville) discussing 
Paper No. 30: I simply want to discuss one point 
with which we have had experience recently. This 
has to do with the reconstruction or the closure 
of the abdominal wall following extensive re- 
section. Many things have been used, as you are 
well aware—Tantalum mesh, fascia lata, and even 
dura has been used, and, of course, as Dr. Polk 
has demonstrated, pedicle flaps or sliding grafts 
have been used. 

(Slide) The first patient that I want to dis- 
cuss is a 57-year-old gentleman who had had an 
abdominoperineal resection for adenocarcinoma of 
the colon 15 years before we saw him. He had 
done well up until about 4 months before admis- 
sion to the hospital when he noted an enlarging 
mass near his colostomy in the abdominal wall. 
He was admitted with an obstruction at the 
colostomy site which proved to be a rather exten- 
sive tumor. We were able to slip a Foley catheter 
by it and obtain a barium enema x-ray which 
showed no evidence of any distal spread. The IVP 
did reveal obstruction of the ureter and sug- 
gested involvement of the kidney. 

You can see the organs that were removed 
at operation. It was necessary to remove the spleen, 
the remainder of his left colon, and the left 
kidney, with abdominal wall. We did a right 
transverse colostomy which left a defect in the 
anterior abdominal wall 8” x 5". Polypropylene 
mesh, 6 mil, heavy gauge character was used in a 
one-layer technic to reconstruct the wall on April 
10, 1970. I contacted this gentleman last week, and 
he, in so far as we can ascertain, is free of disease. 

(Slide) This 92-year-year old gentleman gave 
us only a 4 months’ history of continuous left lower 
quadrant abdominal pain with an enlarging mass 
involving most of that area, The barium enema 
x-ray demonstrated blockage at the mid-sigmoid 
level. The IVP revealed obstruction of the left 
ureter. We were not sure about involvement of 
the kidney on this side. He also had a mass in 
the inguinal area, and we were not too sure what 
this represented. As Dr. Bricker suggested, you 
have to approach these cases with a certain psycho- 
logical attitude. On exploration there was no evi- 
dence of extension other than regional. 

We removed his entire left colon, kidney, a 
segment of bladder dome, and also his jet 
testicle. The inguinal mass proved to be an old 
incarcerated hernia. Rather than get into possible 
tumor, it was easy to deliver the testicle up out of 
the scrotum and remove this en masse. 

At this point we had a little problem, because 
the common femoral vein appeared involved. A 4 
cm. segment of the vein was removed en bloc. 

He survives almost 2 years post-op., and in so 
far as we can tell, is free of disease. You wonder 
about operating on a 92-year-old gentleman this 
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extensively, but I can assure you that he has 
young ideas, He was very interested in the 
marital status of the young ladies who were eager 
to take care of him. I asked him: “Pat, what in 
the world? Why are you interested?” He said: 
“You have to think of the future, young man. I 
have already buried three wives.” And, indeed, he 
certainly has. 

This brief discussion points out the fact that 
this can be done. The technic we have used is very 
simple and will be described this month in the 
American Journal of Surgery. 

I da want to offer a word of precaution. After 
such extensive reconstruction there is much sub- 
cutaneous fluid between the skin and Marlex. 
The remaining peritoneum will reabsorb it. Do 
not try to aspirate it. Suction is not necessary. 

This alloplasty is suggested as one possible 
way to resolve a difficult situation. We are con- 
cerned about putting a foreign body in a po- 
tentially contaminated wound but so far have 
had no problem. 


Dr. CHarntes Ecxert (Albany) discussing 
Paper No. 29: Until Dr. McSwain’s paper, I be- 
lieved I was the only person in possession of a 
slide showing a colectomy specimen of a youngster 
with juvenile polyps. 

(Slide) I lent this slide to Harold Zintel who 
made a movie on this subject—hoping that he 
would say that colectomy for juvenile polyps is 
an unwarranted and unjustified operation. I hes- 
itate to disagree with Dr. McSwain in public, but 
I do not believe colectomy should be done in 
the light of our present knowledge of polyps in 
childhood. 

The slide which you have seen came from one 
of two s:blings, at a time before we recognized 
that juvenile polyps never occurred concomitantly 
with adenomatous polyps. We had removed polyps 
from the rectums of both, but we feared, on the 
basis of the identification of multiple polyps, that 
they would have adenomatous polyps as well 
and that they were examples of patients with 
familial polyposis. 

Fortunately, they are both alive in their 
twenties with good bowel function and in good 
health, but this does not mean that the procedure 
was appropriate, and I do not believe that we 
should leave this meeting with the idea that it is. 

With this exception I enjoyed Dr. McSwain’s 
paper greatly, He has emphasized very well the 
natural history of juvenile polyps, their lack of 
association with neoplasia and I congratulate him 
for his excellent contribution. 


Dr. Rospert Frankui (Closing discussion of 
Paper No. 29): In answer to Dr. Davis’ questions, 
we think it has been pretty well documented that 
at least in villous adenomas and polypoid adenomas 
malignant potential is definitely related to size, 
and we would definitely remove these. 

The last two questions can probably be 
answered together. We think that you probably 
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can leave some of these polyps, especially if the 
diagnosis of juvenile polyp has been made. The 
colonoscope, which we have had no experience 
with, may provide a method for removing some of 
these polyps in the future. 

As far as Dr. White’s discussion, we would 
agree, as has been pointed out before, that the 
juvenile polyp is not a premalignant lesion, and 
would agree with his management. 

In response to Dr. Eckert’s statement we did 
most of these colectomies before the differentiation 
between juvenile polyps and polypoid adenomas 
was better understood and in the last few years 
that we would not have done subtotal colectomy in 
some of these patients. However, the magnitude of 
symptoms may at times be enough to require 
resection of part of the colon. 

(Slide) In closing, I would like to show two 
slides that deal with the length of our follow-up. 

We were able to follow 95 of these patients; 
56 of these were followed over 10 years. As you 
can see, only 16 of these patients have been oper- 
ated on in the last 5 years. 

The next slide helps to explain the develop- 
ment of the new polyps, which Dr. McSwain has 
alluded to, that occurred in 25 of 100 patients. 
Careful analysis indicated that 16 of these patients 
who developed new polyps developed them within 
one year. Only three of these patients developed 
them in over 5 years. 


Dr. Hram C. Porx, Jn. (Closing discussion 
of Paper No. 30): I want to respond to Dr. 
Weakley’s comments. 

First of all, I think the key thing about the 
technical reconstruction is that it be secure, It is 
a very small issue as to what technic or technics 


you might use. We prefer the autogenous tissues, 
but I do not think it is the determining factor. 
Infection about prostheses might be very, very 
serious in these people. 

I think this is an excellent example of the 
application of these principles in a reasonable 
attack on selective favorable tumors, and obviously 
it is one of the evidences why it is so easy to 
work in Louisville, with attending surgeons that 
can help with problems such as these. 

Finally, Dr. Bricker pointed out the critical 
role of the adequacy of the primary excision. If 
the original excision has been inadequate, one can 
tackle that tumor very aggressively with a high 
degree of confidence. But if someone has failed 
with a good, standard cancer operation, well con- 
ducted to control a tumor, it proved very, very 
difficult to get control of the recurrent cancer. 

I think the pessimism should be put in the 
proper light. It is not going to be responsible for 
wholesale improvement in the control of colon 
cancer, but with a few people who are so afflicted, 
who really do have a favorable prognosis, ex- 
tended resection proves one errs when it is as- 
sumed that they have a poor outlook. It is very 
important to recognize these people, and give 
them this superb opportunity to be well. 

Finally, I have noticed that the group in the 
last few days has repeatedly commented about 
the virtue and grace of their wives, and I 
would not take any exception to that. However, I 
think the rare chance to recognize on behalf of 
many of the people in the audience the fantastic 
professional example of Eugene Bricker, which 
was for all of us an inspiration during the time 
of our residency, should not go unnoticed or 
unrecorded, 
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CHEMOTHERAPY of cancer by regional 
perfusion was introduced in 1957 in the 
Department of Surgery at Tulane Univer- 
sity by the late Dr. Oscar Creech and the 
authors.1® 19,3931 Technics had been de- 
veloped in the surgical laboratories to per- 
fuse specific anatomical regions of the body 
with chemotherapeutic agents by cannuliz- 
ing the major artery and vein supplying the 
area? Further isolation was obtained by 
applying an external tourniquet and the 
area was sustained by circulation of whole 
blood through an extracorporeal oxygen- 
ated system utilizing a heart-lung appa- 
ratus. The isolation obtained permitted the 
addition of chemotherapeutic agents to the 
perfusion circuit in dosages higher than 
could be tolerated by systemic administra- 
tion and limited only by local toxicity. The 
original plan was to treat various organs or 
regions such as the liver, lungs, pelvis, or 
limbs for palliation of advanced disease. 

The first appropriate patient, a 76-year- 
old man with satellitosis of the thigh and 
leg from a melanoma of the foot excised a 
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year before, was seen in May of 1957. 
Melphalan,* or l-phenylalanine mustard, 
was chosen for use which was a new agent 
under study for treatment of patients with 
advanced melanoma. The drug had been 
synthesized simultaneously by Bergel and 
Stock in London? and Larionov in Mos- 
cow.”? Jt was hoped that the agent would 
be of particular use for the treatment of 
melanoma as phenylalanine, a metabolite of 
melanin, would carry cytotoxic alkalating 
radicals into tumor cells producing melanin. 
Studies in mice with transplanted mela- 
noma by Luck** were promising and were 
the basis for trials in patients with ad- 
vanced disease. Àn amount equivalent to 
the single systemic dose was added to the 
perfusate which when confined to the lower 
limb provided a concentration of about 
eight times the level that could be obtained 
by systemic administration. On June 11, 
1957, the first clinical perfusion was per- 
formed through the common femoral ves- 
sels. The satellites slowly regressed and the 
patient remained free of tumor for 14 years 
until his death at age 91 on July 29, 1971. 
Because of this impressive response, the 
method was utilized for treatment of a wide 
variety of tumors and in many different 
anatomical regions. Objective regressions 
were seen in many types of cancer that did 
* This agent originally was provided through 
the courtesy of Dr. Clark Griffin of the M. D. An- 
derson Tumor Institute, subsequently by Dr. Don- 
ald Searle of the Burroughs Wellcome Company, 


and recently by Dr. Stephen Carter of the Na- 
tional Cancsr Institute. 
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not ordinarily respond to the chemothera- 
peutic agents then available. The duration 
of remissions varied from a few weeks to 
many months, the best responses occurring 
in patients with melanoma of the limbs. 
Consequently, a series of prophylactic per- 
fusions, in conjunction with conventional 
surgical treatment, was begun in an at- 
tempt to improve the salvage rate by elimi- 
nating residual microscopic deposits of tu- 
mor and in-transit metastases. 

This technic has been used alone or in 
combination with excisional surgery in the 
treatment of melanoma of the limbs over a 
14-year period ending in June, 1971. Less 
radical resections were required and ma- 
jor amputations were seldom necessary. In 
satellitosis of the limbs, chemotherapy by 
perfusion has been curative in a number of 
cases. It is felt the results obtained warrant 
continued use of the method and are pre- 
sented for consideration. 


Methods of Perfusion 


Technics for perfusion for the upper and 
lower limb have been described in detail 
previously. However, improvements have 
been introduced and the procedures as 
presently performed will be described. The 
patient, under general anesthesia, is posi- 
tioned on folded sheets with the shoulder 
or hip elevated about an inch above the op- 
erating table to facilitate the placement of 
a tourniquet about the base of the ex- 
tremity. The entire limb is prepared and 
draped for inclusion in the operative field. 
The major artery and vein supplying the 
area are exposed and controlled with tapes. 
The patient is heparinized and transparent 
plastic catheters are inserted into the ves- 
sels. The catheters are then connected to 
the extracorporeal perfusion circuit (Fig. 
1). At present, a disposable oxygenator 
(Travenol Perfuso-Pac®) is used. The pump 
is primed with 250 cc. of whole fresh blood 
and 250 cc. of Ringer's solution. Ninety-five 
per cent Oz and 5% CO; are used for oxy- 
gen to prevent hypocarboxia and alkalosis 
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Fic. 1. Schematic diagram of perfusion circuit and 
equipment for a common femoral perfusion. 


in the circuit as CO, is blown off through 
the oxygenator. With the bubble type oxy- 
genator the plasma hemoglobins at the end 
of 45 minutes of perfusion range from 60 
to 120 mg./100 ml. in samples taken from 
the perfusion circuit; however, levels from 
the patient after completion of perfusion 
have usually been below 20 mg./100 ml. 

A gravity drainage collection device is 
used in the venous circuit and the arterial 
How is regulated by the venous return. 
Flow rates for a common femoral or exter- 
nal iliac perfusion are maintained at 400 to 
600 cc. per minute, while the flow rates for 
axillary perfusion are usually between 200 
to 400 cc. per minute. 

At first, little attention was devoted to 
the temperature of the arterial inflow. A 
coil of the arterial tubing was run through 
a bucket of hot water, producing tempera- 
tures in the arterial line of approximately 
90° F. Later, the Marchand-Creech heat 
exchanger was included in the arterial line, 
making it easier to elevate the blood tem- 
perature to normothermic levels. For many 
years, the arterial blood was kept at 98? F. 
and external heat from an infrared light 
was applied to the tumor area. Since the 
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TABLE 1. Subcutaneous Temperatures of Left Lower Limb Recorded During Perfusion 





Leg Temperature in Degrees Fahrenheit 








Time Minutes Arterial Lateral Calf Medial Calf Lateral Thigh Medial Thigh 
0 On pump 104 96 97 97 95 
5 103 97.5 99 98.3 96.5 

10 On drug 104 99 100 99 98 
15 104 100 102 100 98.5 
20 102.5 101 103 100.5 99.8 
25 101 101 103 100.5 100.5 
30 100 101 103 100.5 101 
35 104 101.5 102.5 101 101 
40 102.5 102.5 103 101.5 102 
45 102.5 102.5 103.5 102 102 
55 Off pump 


E. F.—2a 48-year old woman with primary melanoma of the left calf treated with Melpalan 86 mg. (1.2 mg./Kg. 
actual body weight) through the left common femoral artery. 


work on hyperthermic perfusion of Cava- 
liere et al. in Rome,’ we have increased the 
temperatures in the perfusion circuit. The 
therapeutic rationale of hyperthermic per- 
fusions requires elevation of the extremity 
temperature of 106? F. by arterial perfusion 
at 112? F., resulting in selective lysis of tu- 
mor cells. If chemotherapeutic agents are 
used at this temperature, too many com- 
plications occur. By increasing the arterial 
line temperature of 105? F., the tempera- 
ture of the limb can be raised from 98? to 
102? F. Thermister probes are placed sub- 
cutaneously to monitor the temperature of 
the limb during the perfusion. The ex- 
tremity is wrapped with sterile drapes in- 
cluding a heating device (Aquamatic K 
pad?) set at temperatures between 102° 
to 105? F. Subcutaneous temperatures of 
the lower limb at the beginning of a per- 
fusion are about 95? F. After 10 minutes of 
perfusion, limb temperature usually reach 
98? F. at which point the drug is adminis- 
tered, After another 10-15 minutes of per- 
fusion the temperatures range from 100? to 
102? F. which are maintained for the dura- 
tion of the perfusion. The temperatures re- 
corded in a typical case are seen in Table 
1. Hydrolysis of melphalan proceeds rap- 
idly at 106° F. so the temperature in the 


circuit is kept below 105° F. to avoid in- 
activation of the drug. 

An external tourniquet consisting of sev- 
eral loops of an Esmarch bandage is placed 
about the root of the limb and held in po- 
sition by Steinman pins placed through the 
skin and underlying subcutaneous fascia. 

The position of the catheters and the area 
being perfused can be done by introducing 
three cc. of Fluorescite® into the arterial 
line and by observing the limb in a dark- 
ened room with a Woods light. The distri- 
bution of the perfusate is determined by 
the yellow fluorescence in the skin. Satel- 
lites usually fluoresce more brightly than 
the surrounding skin. The distribution of 
the dye also indicates the position of the 
catheters, allowing adjustments to be made 
to correct the flow. If there is any question 
about distribution of the perfusate, a con- 
ventional arteriogram can be obtained. 

The dosage of melphalan for the lower 
limb through the common femoral artery is 
from 1.0 to 1.4 mg./Kg. body weight and 
for the upper limb through the axillary ar- 
tery from 0.6 to 1.0 mg./Kg. body weight. 
Table 2 indicates typical doses that may be 
given for a common femoral perfusion for 
a 70 Kg. patient. The drug is given in four 
aliquots at 3-minute intervals and perfusion 
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is continued for 45 minutes after the first 
aliquot. When nitrogen mustard is used, 
the total dose for lower limb is from 0.5 to 
0.8 mg./Kg. body weight, not to exceed a 
total dose of 40 mg. Two to 3 mg. of this 
rapidly acting agent are given every 2 min- 
utes until the entire amount is administered 
and the perfusion is continued for another 
10 minutes. If large aliquots of nitrogen 
mustard are given at one time, neurotox- 
icity may follow. Triethylenethiophosphor- 
amide (Thio-TEPA®) is given in the same 
manner as melphalan. When these two 
drugs are given together, the combined dose 
is calculated at 110% of either drug alone. 
Doses are varied according to the general 
condition and the age of the patient, the 
amount of fat or muscle in the extremity, 
and the size of the limb in comparison to 
the rest of the body. 

At the completion of perfusion the per- 
fusion circuit is rinsed with 250 cc. of 6% 
Dextran and 250 cc. of whole blood. The 
vessels are repaired with fie arterial su- 
tures, and protamine sulphate is adminis- 
tered intravenously in doses equal to the 
previously administered heparin to coun- 
teract the anticoagulant effect. Planned ex- 
cisional surgery is then carried out. 


Specific Operative Procedures 


For Stage I lesions of the thigh, an ex- 
ternal iliac perfusion is performed, fol. 
lowed by a groin dissection including the 
iliac nodes, when enlarged, and the ingui- 
nal and femoral nodes. A wide excision of 
the tumor site is carried out and repaired 
with a split thickness skin graft. When the 
lesion is at or below the knee, a common 
femoral perfusion is performed, followed 
by a femoral node dissection and a wide 
excision of the primary lesion and repair 
with a split thickness skin graft. For upper 
limb Stage I lesions, the perfusion is car- 
ried out through the first portion of the 
axillary vessels, followed by an axillary 


TABLE 2. Average Dosage for Common Femoral 
Artery Perfusion for 70 Kg. Man 


Drugs Average Total Dose 
Melphalan 75 mg. 
Thio-TEPA 75 mg. 

Melphalan and Thio-TEPA 55 mg. and 30 mg. 
Nitrogen mustard 35 mg. 


node dissection and a wide excision of the 
primary lesion. The axillary dissection is 
performed by dividing the pectoral mus- 
cles and removing the lymph nodes from 
the apex of the axilla to the lateral border 
of the latissimus dorsi. For the past several 
years, in female patients with Stage I le- 
sions, a modified axillary dissection has 
been performed without division of the 
pectoral muscles. In lesions arising within 
15 em. of the groin or axilla, an inconti- 
nuity dissection, including the skin and un- 
derlying soft tissue with the lymphatics to 
the regional nodes, is performed. In Stage 
II lesions, perfusion is followed by appro- 
priate dissection of remaining nodes and a 
wide excision of metastatic or recurrent dis- 
ease, particularly if there is a solitary or 
limited recurrence. With more extensive 
disease or satellitosis, perfusion alone is 
performed. Following regression of disease, 
a second procedure is performed which 
may include perfusion and/or excision of 
residual melanoma after a 3 to 6-week in- 
terval. 


TABLE 3. Sites of 632 Perfustons in 522 


Patients with Melanoma 
Site No. Pts. No. Perf. 

Limb 480 584 

Upper 155 168 

Lower 325 416 
Head and neck 27 28 
Pelvis 10 14 
Breast 4 4 
Brain 1 2 
Total 522 632 
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TABLE 4, Sites of Primary Melanoma of the Upper 
and Lower Limbs Treated by Perfusion 


Number 
Sites Patients 
Upper limb: 

Upper arm 43 
Forearm 31 
Trunk metastatic to axila 30 
Shoulder 16 
Wrist 8 
Subungual 6 
Unknown primary metastatic to axilla 5 
Elbow 5 
Digit 3 
Hand, dorsum 3 
Hand, palm 2 
Axilla 1 
Scalp metastatic to humerus 1 
Unknown primary metastatic to arm 1 

Total 155 

Lower limb: 

Leg 142 
Foot, plantar 46 
Foot, other 40 
Thigh 24 
Digit 21 
Ankle 12 
Knee 12 
Subungual 7 
Trunk metastatic fo groin 6 
Unknown primary metastatic to groin 5 
Eye metastatic to leg 2 
Unknown primary metastatic to femur 2 
Groin, skin | 1 
Face metastatic to femur 1 
Scalp metastatic to groin Í 
Arm metastatic to leg 1 
Unknown primary metastatic to thigh 1 
Unknown primary metastatic to knee 1 

Total 325 


Clinical Material 


In the 14-year period ending June 30, 
1971, we have administered chemotherapy 
by regional perfusion to 522 patients with 
malignant melanoma. Table 3 indicates the 
sites of the 632 perfusions performed in 
these patients. As the results with mela- 
noma in sites other than the limb have been 
of limited benefit, this report concerns our 
experience with the 480 patients with limb 
perfusions. One hundred and fifty-five pa- 
tients had upper limb perfusions and 325 
had lower limb perfusions. Most patients 
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with melanoma were white and only 23 
were Negro. Distribution by sex was more 
even, with 208 males and 272 females in 
the series. 

The primary sites of the melanoma for 
which limb perfusions were performed are 
shown in Table 4. The leg was the most 
common site of extremity lesions which oc- 
curred in 142 patients; the next most com- 
mon site was the foot with 86 patients. The 
other sites are listed in order. Thirty pa- 
tients with a locally controlled primary 
melanoma of the upper trunk with metas- 
tases to the axilla had axillary artery per- 
fusions followed by axillary node dissec- 
tion. Six patients with controlled lesions of 
the lower trunk with metastases to the in- 
guinal nodes were similarly treated. Seven 
upper limb perfusions were performed on 
patients having an unknown primary lesion 
with metastases to the extremity. Fifteen 
patients were treated with metastatic le- 
sions on the lower limb from a controlled 
primary lesion elsewhere or unknown site. 

Melphalan has been used most exten- 
sively, having been used alone on 377 oc- 
casions. Thio-TEPA® has been used only 
on three occasions, but was combined with 
melphalan 169 times. Nitrogen mustard, 
usually given after unsuccessful melphalan 
perfusion, was used 27 times. Other drugs 
such as Actinomycin D, AB 100, Colchicine 
or Mitomycin-C were used alone or in com- 
bination on eight occasions. 


Results of Treatment 


The 480 patients with melanoma of the 
limbs were separated into three categories 
by the stage of disease. One hundred and 
eightv-two had localized or Stage I disease 
including 12 who had intact primary le- 
sions, and 170 who had excisional biopsies 
which were referred for definitive treat- 
ment. There were 205 patients with re- 
gional or Stage II disease, including all pa- 
tients with recurrence in the limb or re- 
gional nodes. There were 93 patients with 
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Stage III disease including 36 with the pri- 
mary lesions in the limb but with systemic 
metastases; 27 had positive iliac nodes, and 
30 had primary lesions outside of but with 
metastases to the limb. 

Excluded from evaluation of Stage I and 
II disease were 25 patients who were 
treated less than one year ago, 15 who have 
been lost to follow-up and three who died 
of other causes, including trauma or stroke. 
Excluded from evaluation were 11 patients 
with Stage III disease for the same reasons. 
In assessing our results, follow-up reports 
are obtained at least once a year by ex- 
amination of the patient or by report from 
the referring family physician. 

All of the Stage I patients had invasive 
melanoma as determined by biopsy review 
of the primary lesions by members of the 
Tulane Department of Pathology, previ- 
ously performed by Dr. Wallace C. Clark 
and presently by Dr. Richard J. Reed, 
which conformed to the criteria of invasive 
melanoma as established by Clark. This 
review is important, as patients with local- 
ized disease and with level of invasion con- 
fined to the upper papillary dermis (levels 
I and II according to the Clark criteria’ 
were excluded from the perfusion series. 
These patients were treated by local ex- 
cision. 
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Fic. 3. Direct survival rate by year in numbers 

of patients treated by chemotherapy by perfusion 
in Stage I and Stage If melanoma of the limbs. 
Excision was carried out in all of the Stage I pa- 
tients with one exception. In Stage II disease ex- 
cisional surgery in addition to perfusion was carried 
out in about 2$ of the patients, as indicated in the 
text. The following patients were excluded for these 
reasons: 25 patients who were treated less than one 
year; 15 lost to follow-up; and three dead from 
unrelated causes. 


Figure 2 shows the difference between 
Stage I and II patients surviving, with and 
without disease, and those classified as free 
of disease. By the third year, the curves 
begin to approximate each other and by 
the fifth year the direct disease-free rate is 
58%. Ten additional patients were: alive 
with disease, making the survival rate 62%. 
By the eighth year, only one patient re- 
mained alive with recurrences and the di- 
rect survival, disease-free rate at 10 years 


906 


KREMENTZ AND RYAN 


Ann. uy e June 1972 
Vol. 175 * No. 6 


TABLE 5. Results of Chemotherapy of Stage IIT Melanoma of the Limb by Perfusion 


Primary in Limb 
Primary Elsewhere 
Metastases to Limb Positive Iliac Nodes Systemic Metastases 
Sur- Disease Sur- Disease Sur- Disease 
Year Patients viving Free Patients — viving Free Patients viving Free 

1 27 9 6 21 10 1 34 9 2 
2 25 6 4 16 2 1 32 4 2 
3 23 4 2 15 0 0 31 3 1 
4 22 3 2 15 0 0 27 1 0 
5 20 2 1 14 0 0 25 0 0 


is 46%. A second observation may also be 
made; that is, there continues to be a small 
attrition due to recurrence of melanoma. 
This attrition also is noted in age adjusted 
survival curves prepared by the End Re- 
sults Program of the National Cancer Insti- 
tute and confirms the clinical impression 
that the patient with melanoma never can 
be considered "cured." € 

Figure 3 shows the number of disease- 
free patients by Stage I and II according 
to year after treatment, Forty-three patients 
were excluded for the reasons listed above. 
The direct cure rate shows that 87 of 108 
patients treated with Stage I disease and 
50 of 199 with Stage II disease are free of 
disease at 5 years. At 10 years, 22 of 26 
with Stage I, and 13 of 50 with Stage II 
are free of disease. At 12 years, the num- 
bers of cases are limited—three of five in 


PERCENT 





STAGE 


Fic. 4. Results of chemotherapy of melanoma 
of the limb by perfusion and excisional surgery five 
years after treatment according to sex, stage, and 
site. 


Stage I, while nine of 26 in Stage II are 
free of disease. 

The results of treatment for 93 Stage III 
patients are shown in Table 5, 11 patients 
were deleted for reasons listed above. These 
remaining patients fall in three categories: 
patients with primary lesions elsewhere 
with metastases of limb; patients with pri- 
mary lesions in the limb with positive iliac 
nodes or with systemic metastases. These 
patients underwent perfusion to provide 
palliation because of local symptomatology 
such as bulky tumors, ulceration or pain, 
or to avoid amputation. While long-term 
survival is poor in Stage III melanoma, 
worthwhile palliation was achieved. At 
least one half of the patients had relief of 
symptoms for 2 months or more and all pa- 
tients, except three who underwent ampu- 
tation, had a useful limb. None of these 
patierts survived more than 7 years. Only 
three were free of disease 3 years after 
treatment, while seven are alive. Those 
with metastases to the limb with the primary 
lesion elsewhere did better than the other 
two groups. Of the 21 with positive iliac 
nodes, ten patients survived, but only one 
was free of disease at the end of 1 year. All 
were dead at the end of 3 years. The ob- 
servation made by McPeak et aL," that 
positive iliac nodes indicate a hopeless 
prognosis, is again confirmed. 

Figure 4 shows the per cent of disease- 
free patients according to sex, site, and 
stage at 5 years. The results suggest that 
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women respond better than men, that up- 
per limb lesions respond better than lower, 
and that Stage I disease responds better 
than Stage II. The only statistical signifi- 
cant differences exist between stage of dis- 
ease with confidence levels varying from 
90% in the upper limb women patients to 
9595 level for lower limbs in men, and 
99.9% in the other two categories. The re- 
maining differences are not statistically sig- 
nificant and only show trends. While the 
group is small, the salvage rate for women 
with upper limb involvement, Stage I pa- 
tients is excellent, as only two of 22 pa- 
tients had recurrence of disease by 5 years. 
This observation has modified our approach 
regarding prophylactic node dissection for 
this group and we now defer or perform a 
modified dissection. 

The salvage according to special cate- 
gories for Stage II disease is of interest 
(Table 6). Several categories of patients 
had perfusion and additional excisional sur- 
gery; included are untreated patients with 
primary and regional metastases intact, 
with five of 18 free of disease after 5 years 
and 23 of 30 patients with solitary recur- 
rences had no further disease. Few patients 
with satellitosis or extensive recurrences 
had additional excisional surgery. Of 39 pa- 
tients with satellitosis treated by perfusion, 
11 are free of lesions. An example of good 
response in a patient with satellitosis is 
shown in Figure 5 A & B. Patients with 
extensive regional metastases responded 
poorly, only four of 23 had no disease at 5 
years. Thirty-six patients of 39 with satel- 
litosis were treated by perfusion alone, 
eight underwent perfusion more than once 
( Table 7). Such a patient is demonstrated 
in Figure 6 A and B. Ten patients were free 
of disease for 5 to 14 years following per- 
fusion, eight others had temporary control 
from 1 to 4 years. 

Table 8 compares the results of treatment 
in Stage I disease according to year for pa- 
tients who underwent perfusion and wide 


TABLE 6. Results of Chemotherapy of Stage 11 Melanoma 
of the Limb Five Years after Perfusion 
According to Special Categories 


5 Years after 


Perfusion 
No. 
No. Disease 
Special Categories* Pts. Free 
Previously untreated primary 
with regional metastasis* 18 5 
Solitary cutaneous or 
subcutaneous metastasis* 12 8 
Solitary regional node* 18 15 
Satellitosis—previously 
negative nodesf 22 6 
Satellitosis—previously 
positive nodes} 17 5 
Extensive regional 
metastases** 23 4 
Primary unknown, metasis to 
limb* (skin, nodes, or bone) 8 5 


* Most patients had additional excisional surgery. 
1 36/39 no additional excisional surgery. 
** Perfusion only in most cases. 


excision of the primary site versus those 
who had perfusion, regional node dissec- 
tion and wide excision. The second cate- 
gory contains almost five times as many 
patients and shows slightly better salvage 
rates in each cohort, but none of the dif- 


TABLE 7. Results of Chemotherapy of Melanoma of the 
Limb by Perfusion Alone for Satellitosis Developing 
After Conventional Surgical Treatment 





36 patients treated 5 or more years ago 
19 with negative nodes 


5 Free of disease 
1 Controlled 1 year-alive at 10 years following 
excisions X 10 for recurrent disease 
1 Controlled 4 years—dead at 7 years 
1 Controlled 2 vears—dead at 3 years 
| Controlled 1 vear—dead at 3 years 
10 Dead at 1-4 years 


17 with positive nodes 
5 Free of disease 
1 Controlled 4 vears—dead at 5 years 
| Controlled 3 vears—dead at 5 years 
1 Controlled 2 years—dead at 7 years 
1 Controlled 1 year—dead at 2 years 
8 Dead at 1-2 years 
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ferences are statistically significant. While 
many feel that prophylactic node dissection 
is important as pointed out by Polk, sta- 
tistical evidence to prove this point is lack- 
ing.** 

Only one patient was treated for primary 
disease by perfusion alone. This patient 
was a 68-year-old woman who refused to 
undergo amputation for melanoma of the 
palm, but agreed to undergo perfusion. 
Figure 7 A and B shows the favorable re- 
sult of treatment, i.e., the patient has had 
no evidence of melanoma for 11 years. 
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Fic. 5 A & B. A 38- 
year-old woman with a 
pigmented nevus of the 
right ankle of long dura- 
tion, who noted growth 
of the lesion during the 
third trimester of preg- 
nancy in May, 1961. 
Wide excision in May 
was followed by groin 
dissection in June, 1971. 
In May, 1962 appearance 
of dermal metastases of 
right thigh occurred (A 
top). In July, 1962 the 
patient was perfused with 
50 mg. of melphalan and 
15 mg. of Thio-TEPA® 
through the common fem- 
oral artery. Complete re- 
mission followed and the 
thigh is shown 18 months 
later. The patient is alive 
and well at present (B 
bottom ). 


Complications and Deaths 


Of the 480 patients, 209 patients died of 
recurrent tumor. Table 9 lists the operative 
deaths and complications. Nine patients 
died shortly after treatment; six were due 
to chemotherapy with leukopenia and sep- 
ticemia, and three were operative deaths 
due to myocardial infarction, chronic con- 
gestive heart failure, and anesthesia, re- 
spectively. Systemic complications from 
chemotherapy consisted of leukopenia with 
white blood count under 2,000 per cubic 
mm. in 26 cases and under 1,000 in 17 
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Fıc. 6 A & B. In Feb- 
ruary, 1961 a 36-year old 
white male noted changes 
in nevus on left calf. Ex- 
cision followed by groin 
dissection was carried out 
in May, 1961. In Decem- 
ber, 1961 excision of a 
local recurrence followed. 
Dermal metastases of left 
calf appeared in May, 
1962 (A top). In May, 
1962 perfusion was car- 
ried out with 70 mg. of 
melphalan and 30 mg. of 
Thio-TEPA®. In June 
and in October, 1962 per- 
fusion with 90 mg. of 
melphalan was performed 
followed by temporary 
improvement on each oc- 
casion. In February, 1963 
the patient was perfused 
with 60 mg. of nitrogen 
mustard through the com- 
mon femoral artery. Com- 
plete regression followed 
and patient’s leg is shown 
in July, 1971 (B bottom). 


cases. Fourteen patients had severe alope- 
cia; 10 had pulmonary complications such 
as atelectasis and pneumonia; three had 
pulmonary emboli. Miscellaneous compli- 
cations included three with postoperative 
psychoses, one with complete loss of the 
nails. The deaths and complications are 
separated according to those occurring be- 
fore July 1, 1968 and those occurring since 
then. Only one operative death has oc- 
curred in the past 5 years and the number 
of complications are acceptable when one 
considers that this procedure involves the 





intra-arterial use of highly toxic drugs, ex- 
tracorporeal circulation, and radical ex- 
cisional surgery. The large number of com- 
plications early in the experience must be 
attributed to the development of a new 
procedure. Node dissection is usually ac- 
companied by increased wound complica- 
tions. High doses of alkylating agents have 
been shown to inhibit wound healing 2° and 
precautions must be taken to avoid the re- 
sultant complications, i.e., suction drainage. 
careful suturing, retention of skin stitches 
for 12-14 days, etc. 
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TABLE 8. Chemotherapy of Melanoma oj the Limbs by Perfusion* 
Results of Treatment of Stage 1 Melanoma 





Perfusion and Excision 


Disease Free 


Year Patients No. Per Cent 
1 27 23 85 
2 26 22 85 
3 24 19 79 
4 24 19 79 
5 24 19 79 
6 23 17 74 
7 22 16 73 
8 20 15 15 
9 17 13 7/7 

10 13 10 ii 
11 9 6 67 
12 5 3 60 
13 1 0 0 


Perfusion, Excision, Dissection 


Disease Free 


Patients No. Per Cent 
133 125 93 
120 110 92 
110 95 88 

99 84 85 
84 68 81 
59 46 78 
49 38 78 
34 26 77 
24 20 83 
13 12 92 
6 5 83 
1 0 0 
0 0 


* Number and percentages of patients treated in any given year surviving without evidence of disease. 


Discussion 


The main advantages offered by regional 
perfusion of chemotherapeutic agents con- 
sist of increased tumorcidal effects and 
decreased systemic toxicity. The improved 
tumor response is due to the following 
factors: intra-arterial lung administration; 
increased dosage; increased tissue oxygen 
tension; elevated limb temperature; de- 
creased systemic toxicity; and possibly au- 
toimmunization. Intra-arterial administra- 
tion is a particularly effective way of 
giving chemotherapeutic agents.® 1% 35 Re- 
gional perfusion permits an increase in lo- 
cal dosage of from six to ten times that ob- 
tained by systemic administration. We have 
shown that increased tissue oxygen tension 
potentiates the effect of alkylating agents,” 
an observation confirmed by others.** ** 
The technic makes it possible to maintain 
the perfusate temperature at the most efti- 
cacious level for drug action. The isolation 
of the limb and the removal of active agents 
at the end of the procedure reduce systemic 
toxicity. Finally, the use of this method to 
treat melanoma may produce autoimmuni- 
zation caused by local destruction of tumor 
initiating an immune response in a host 


whose ability to make antibody has not 
been depressed by systemic administration 
of immune suppressive drugs. The best ex- 
amples are the responses seen in patients 
with satellitosis, with a 35% disease-free 
rate at 5 years, late responses of lesions out- 
side of the perfused area, spontaneous re- 
missions of new lesions developing long 
after perfusion, and serial biopsies of satel- 
lites showing heavy round cell infiltration 
accompanying resolution of tumor after a 
delayed interval. 


What benefit has chemotherapy by per- 
fusion for melanoma produced beyond that 
of conventional surgical treatment or sys- 
temic chemotherapy alone? The lack of uni- 
formity in other methods of evaluation, 
treatment, and analysis make a comparison 
difficult. Added to the problem are the 
variations in histologic grading, level of in- 
vasion, stage and site of disease, previous 
and concurrent therapy, and variations in 
surgical technics. The summation of results 
following surgical treatment reported by 
Ackerman and delRegato in 1962! was an 
accurate reflection of response to treatment 
to that time. They concluded that the re- 
sponse of superficial melanoma was excel- 
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Fic. 7 A & B. A 68- 
year old negro female 
with a small black pig- 
mented area of the palm 
of the left hand for many 
years noted the onset of 
pain, growth, and ulcera- 
tion with bleeding in July, 
1960 ( A top ). In October, 
1960 a perfusion with 50 
mg. of melphalan and 30 
mg. of Thio-TEPA® 
through the brachial ar- 
tery was performed. Com- 
plete remission followed 
shown in picture B ( bot- 
tom ) one year later. Slight 
muscle and nerve dam- 
age followed the perfu- 
sion. Patient is alive and 
well at present. 


lent and the 5-year survival rate of invasive 
melanoma without regional node involve- 
ment was about 30%. When microscopi- 
cally positive nodes were present, the 5- 
year rate was about 1596 and when nodes 
were clinically positive, the survival rate 
was less than 10%. 

hecent reports have shown better sur- 
vival rates. The monograph on End Results 
in Cancer from the National Cancer Insti- 
tute in 1968 * states that the prognosis for 
melanoma has shown improvement since 
the 1940s. The upward trend in survival 





has occurred in both localized and regional 
cases with rates consistently higher for 
women in each time period and each stage 
classification. 

Data obtained through the courtesy of 
Mr. Herman Heise from the End Results 
Program of the National Cancer Institute 
have been used to compare with our Stage 
I patients treated by perfusion and exci- 
sional surgery. The End Results Program 
patients have been treated by definitive ex- 
cision, which includes a wide variety of 
procedures ranging from conservative to 
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TABLE 9. Major Complications Following Chemothera py 
by Perfusion, Node Dissection and/or Wide Excision 
and Skin Graft* 





6/11/57- 7/1/66- 





Complications 6/30/66 6/30/71 No. 
Wound: 68 
Infection 18 7 
Bleeding 8 3 
Seroma** 4 5 
Dehiscence with second- 
ary closure 8 0 
Infection with 
dehiscence 4 4 
Ischemic necrosis 6 1 
Limb other than wound: 90 


Edema (severe and/or 


persistant) 29 12 
Nerve and muscle 

damage*** 20 9 
Thrombophlebitis 12 5 
Arterial thromboses*** S 0 
Venous thromboses*** 4 0 

Systemic: 80 

Leukopenia 

Less 2000/ mm? 26 0 

Less 1000 /mm? 16 l 
Severe alopecia 12 2 
Pulmonary (atelectasis, 

penumonia, etc.) 8 2 
Pulmonary emboli 2 l 
Miscellaneous (p.o. 

psychoses, etc.) 7 3 

Deaths :**** 9 

Agranulocytosis with 

septicemia 6 0 
Myocardial infarction 0 1 
Congestive heart failure 1 0 
Anesthesia 1 0 


* Complication occurred following 157 of 584 per- 
fusions. 
** Requiring five or more aspirations. 
*** Requiring amputation in one patient of each 
category. 
**** Death due to myocardial infarction occurred in 
1968, other deaths occurred prior to 1964. 


radical. The age adjusted 5-year survival 
rates for upper and lower limbs in men is 
78% and 74% and for women, 86% and 
8095. 'The sample sizes are large—194, 249, 
292, and 621 patients consecutively and are 
the only readily accessible source of mate- 
rial with large enough groups for accurate 
evaluation. When these rates are compared 
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to the direct survivals listed in Figure 4 it 
will be seen that the Tulane groups re- 
sponded better in all instances except for 
lower limbs in men—60% compared to 
74%. It must be pointed out that these sur- 
vival rates are calculated on the basis of 
data submitted by three central registries 
and nine hospitals which are categorized as 
referral centers. Data from central regis- 
tries, which provide the great majoritv of 
the cases, invariably have more favorable 
end results than referral hospitals. Also, 
age-adjusted survival cures are about 5 to 
10% higher at 5 years than the direct sur- 
vival rates. Although they are based on his- 
tologically proven cases, the End Results 
data also include superficial melanoma, 
representing perhaps as many as 3% of the 
cases. This lesion is now recognized as hav- 
ing a very favorable prognosis even when 
treated by local excision.* 1° Thus, when 
the direct disease-free rates obtained in the 
perfusion experience are compared to the 
End Results Group rates, the adjunctive 
perfusion group rates are improved by 10% 
to 15% at 5 years for the various categories. 

In regional recurrent disease, there are 
several categories in which perfusion alone 
or with excision has provided 5-year sur- 
vival rates that are not usually duplicated. 
These groups include patients with satel- 
litosis treated by perfusion, 11 of 39 of 
whom are disease-free at 5 years, and pa- 
tients with solitary nodal cutaneous or sub- 
cutaneous recurrence of whom 23 of 30 are 
disease-free at 5 years. Although there have 
been occasional dramatic responses in pa- 
tients with extensive disease, cures have 
been few, 4 of 23 being disease-free at 5 
vears. Nevertheless, functional limbs were 
salvaged until the patients died of systemic 
metastases. In recent years, major amputa- 
tion for melanoma has developed as a com- 
plication or failure of treatment in only four 
patients. 

Prior to the introduction of perfusion, 
systemic chemotherapy had little to offer 
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the patient with melanoma. While provid- 
ing temporary relief, chemotherapy did 
little to influence the course of disease. 
Chemotherapy of melanoma has improved 
particularly since the introduction of 4- 
amino 5-imidazole carboxamide. The Cen- 
tral Oncology Group, of which Tulane is a 
member, has treated 276 evaluable patients 
with advanced disease and reported ten 
complete remissions and 51 partial remis- 
sion,'® the longest lasting over 2 years. 
Using a combination of three agents, imid- 
azole carboxamide, a nitrosourea derivative 
(CCNU ), and vincristine for 5-day courses 
every 4 to 6 weeks, we have treated 35 pa- 
tients.” Three patients had complete re- 
sponses, two patients had remissions at 18 
months, and eight had partial responses. 
The South West Cooperative Study Group 
had a similar experience, with 20% re- 
sponding by use of a slightly different com- 
bination of imidazole, BCNU, and vincris- 
tine.?** However, systemic chemotherapy for 
melanoma must still be considered to offer 
only temporary palliation. 

The variations in survival rates for sur- 
gical treatment of melanoma of the limbs 
are considerable and Knutson et al. in a 
recent report have compiled the results 
from 17 papers representing 2,339 cases. 
The 5-year salvage rate following surgical 
treatment varied from 10% to 59%, but no 
breakdown was given by site, stage, type 
of surgical treatment, etc. In Knutson’s own 
series, age-adjusted survival rates for upper 
extremity were 58% and for lower ex- 
tremity were 52%. In James’ compilations 
of survival rates published in 1966, the 5- 
year survival for upper extremity lesions 
was 46% and 33% for lower extremities." 
Reports on perfusion therapy of melanoma 
by Stehlin;?* Rochlin,;? Shingleton;? and 
McBride?* are more consistent for ex- 
tremity melanoma and compare closely 
with our results. It will require a prospec- 
tive randomized study to determine the 
benefit of adjunctive perfusion. Such a 


study in progress under the direction of 
Shingleton at Duke sponsored by the Cen- 
tral Oncology Group, but it will be several 
years before useful data can be obtained. 
The above authors generally agree that the 
use of perfusion for curative purposes will 
reduce local recurrences in the limb. 


Summary and Conclusions 


From June 1957 through June 1971, 480 
patients with melanoma of the limbs were 
treated by chemotherapy by perfusion on 
584 occasions. 

Of 108 patients with Stage I melanoma, 
87 were free of disease at 5 years and 22 of 
26 at 10 years, following perfusion, wide 
excision of the primary site, and in most in- 
stances regional node dissection. 

Of 119 patients with Stage II disease, 50 
were free of disease at 5 years and 13 of 
90 at 10 years. These patients received per- 
fusion and excisional surgery except those 
with satellitosis or extensive disease of the 
limb who were treated by perfusion alone 
in most instances. 

The best survival rates based on sex, site, 
and stage resulted in women with Stage I 
upper limb lesions of whom 20 of 22 were 
free of disease at 5 years. 

In Stage II disease, the patient with 
satellitosis of the limb responded well, ten 
of 36 were free of disease at 5 years and 
were treated by perfusion alone. With soli- 
tary nodal, cutaneous, or subcutaneous re- 
currence, 23 of 30 patients were free of dis- 
ease at 5 years but only four of 23 were 
free of disease with extensive recurrences 
in the limb. 

Ninety-three patients with Stage III dis- 
ease were treated by perfusion for pallia- 
tion. Over half had useful palliation but 
only 18 survived 1 year after therapy. 

Chemotherapy by perfusion as an ad- 
junct to conventional excisional surgery in 
Stage I adds approximately 1596 to the 5- 
year survival rate for invasive melanoma; 
reduces the incidence of regional recur- 
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rence, and eliminates the need for major 
amputation. In Stage II disease, the sur- 
vival rates are doubled in most categories; 
chemotherapy by perfusion is the therapy 
of choice for satellitosis. 
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DISCUSSION 


Dr. GILBERT S. CAMPBELL (Little Rock): 
First, I would like to express my sincere gratitude 
to Dr. Edward T. Krementz for the courtesy and 
advice he has given us in setting up our modest 
progrem on chemotherapy of melanoma at the 
University of Arkansas. 

We feel that some limb complications following 
perfusion from melanoma are the direct result of 
unphysiological perfusion rather than the chemo- 
therapeutic agent utilized during perfusion. In an 
obese patient, a tight tourniquet can obliterate 
venous outflow more efficiently than it can ob- 
literate collateral arterial inflow. Consequently, 
with prolonged perfusion, abnormally high pres- 
sures may develop in the vessels of the isolated 
extremity. We insert a needle in the artery of the 
perfused limb distal to the arterial cannula to 
record pressure before and during perfusion. The 
arterial pressure distal to the cannula is held below 
the patient's systemic arterial pressure, and some- 
times this necessitates accumulation of blood in 
the pump oxygenerator (bleeding out the limb, 
so to speak, in order to avoid overperfusion). 

If the arterial pressure in the perfused limb is 
lower than systemic arterial pressure, one doesn't 
have to worry about a leak of the phenylalanine 
nitrogen mustard into the systemic circuit since the 
gradient is in the other direction. We no longer 
monitor for leaks nor have we observed any 
systemic complications following extremity per- 
fusion for melanoma. 


Dr. J. BRADLEY Aust (San Antonio): I would 
be remiss not to pay homage to the late Dr. 
Oscar Creech, who, with the current authors, gave 
birth to the concept of isolated perfusion chemo- 
therapy. 

We have just heard the results of 14 years' 
experience. There can be no doubt of the valuable 
palliation afforded patients suffering locally recur- 
rent disease, especially satellitosis. 
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My second comment relates to the suggestion 
of 10 to 15 per cent better 5-year survivals using 
isolated perfusion at the time of definitive surgery, 
which, if true, is a very important adjunct. If my 
host, Bill Shingleton, were here, he would make 
the following comments. He and I, among others, 
feel strongly that the time for a controlled clinical 
study is at hand. Such a study will be needed to 
determine whether operation alone or operation 
plus perfusion can offer a higher cure rate. Un- 
fortunately, the groups practicing isolated perfu- 
sion receive their patients upon referral because 
they are going to do isolated perfusion, and it is 
difficult for them to enter upon a controlled study. 

Therefore, our plea is that those of us who 
have lesser dedication to isolated perfusion, and 
perhaps less emotional involvement in the problem, 
go ahead and do a controlled, randomized clinical 
study—conventional surgical treatment versus con- 
ventional operation plus perfusion. Perhaps in 5 
to 10 years we can answer the crucial question. 

Finally, I have a question of the authors. Since 
there were approximately 20 per cent deaths in 
Stage I disease, what percentage developed local 
recurrence, since we would hope that the major 
impact of perfusion and operation would be to 
eliminate local recurrence? Distant metastasis be- 
yond the isolated perfused area is beyond the 
scope of our control at the time of therapy. 

So if you could answer that question for us, it 
might give us further hope that we could ac- 
complish greater things. 


Dn. Hucn E. STEPHENSON, Jr. (Columbia): I, 
too, would like to voice appreciation to Dr. 
Krementz for his pioneering efforts and for his 
attempts to guide and stimulate us in what is 
such a major breakthrough in the assault on 
melanoma. 

The first slide (slide), our first perfusion case, 
actually was an instance of satellitosis in a woman 
who lived 8 additional years. This has been our 
best result to date. 
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Yesterday, Dr. Ochsner referred to the un- 
predictable and capricious nature of melanoma. 
We know that examples of melanoma range all the 
way from the very interesting cases that Dr. 
Sumner reported 20 years ago with spontaneous 
regression—incidentally, melanoma is the most 
common tumor of all to spontaneously regress to 
among the most lethal of clinical courses. We know 
that melanoma is the most easily transplanted, 
accidentally or on purpose, to another individual. 
It is the tumor that is most commonly transplanted 
to the placenta or to the fetus in humans, and 
certainly it is among the first tumor in which a 
tumor-specific antigen-antibody response and cir- 
culating antibodies were identified. 

(Slide) We have a professor at the university 
who came in to see us a year ago after being 
referred with satellitosis, a sheet of tumor cells on 
the leg extending up the thigh. After tissue per- 
fusion, including hyperthermia, we waited about 
2-1/2 to 3 months and did not note a great deal 
of response to the perfusion. Because of the some- 
what obvious connotations of immune mechanism 
at work in melanoma, we decided, after first dem- 
onstrating sensitivity to — dinitrochlorobenzene 
(which indicated we did not have an anergic 
patient) to injected BCG to serve as an adjuvant 
(slide) in about 50 of these lesions. (Slide) We 
now have depigmented areas where these tumors 
were injected as noted on the slide. 

Electron microscopy studies show that, basi- 
cally, about all we have are large, multinucleated 
white cells filled with garbage. No tumor was 
seen in our most recent biopsies of these sites. 

Metastatic disease in the lung has not seemed 
to progress over the last 5 or 6 months. 

(Slide) The slide represents the absolute 5-year 
survival (4096) of a 15-year study at our hospital 
and includes all patients coming in the front door, 
whether they went to neurosurgery or not. As other 
studies show, we also noted a better prognosis in 
women. We were surprised, however, that we had 
such a marked increased survival in women with 
melanoma in the lower extremity. As you noted, 
you had almost twice as many melanomas of the 
lower extremity in women as in men. We had 
about three times as many. Do you have any 
explanation for these findings? 

In regard to the superficial melanomas, I 
would like to point out that we have had 18 
superficial melanomas in a group of 112 mela- 
nomas. Three of these were in men who progressed 
to Stage III. One patient developed cerebral 
metastasis. A second patient, a medical student 
died about 3 weeks after his hoped-for graduation 
from medical school. In each instance our pa- 
thologists as well as two other groups classified the 
lesions as superficial melanomas. 


Dr. LEMUEL Bowpen (New York): I am 
really not qualified to speak on the technic of 
perfusion treatment of melanoma, since I have 
had very little personal experience with this type 
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of surgical endeavor, but over the last 204- years 
I have had a little more than a speaking acquaint- 
ance with melanomas, and have come to have a 
great deal of respect for this highly deceptive 
tumor. On the basis of that, I cannot help but 
congratulate Dr. Krementz and Dr. Ryan on the 
splendid results that they have reported to us. 

I think it would not be, perhaps, impertinent or 
inappropriate for me to cite, by way of comparison 
with their figures, the results that we at Memorial 
Hospital have achieved in years gone by by aggres- 
sive surgical treatment alone. These figures that I 
quote were published some 7 years ago by my 
chief and senior associate, the late Gordon McNeer 
and his coauthor Tapas Das Gupta. 

In 804 patients with melanoma treated from 
1935 through 1955, there were 359 determinate 
Stage I cases with a 5-year survival of 71 per cent, 
and 10-year survival of 65 per cent. There were 
295 determinate Stage II cases—these are the 
cases, of course, with regional metastasis—with 
5-year survival of 19 per cent, and 10-year 
survival of 12 per cent. 

These figures, of course, included melanoma 
arising in all regions of the integument, and not 
just in the extremities, but even so Drs. Krementz's 
and Ryan results for Stage II melanoma are 
substantially better than ours, as you can see. 

I would like to comment finally on the manage- 
ment of locally recurrent melanoma, with or with- 
out satellitosis, and with or without regional node 
metastasis, in which situation, if I am interpreting 
their figures correctly, they report 11 of 39 patients 
free of disease at 5 years. I am referring to the 
type of case that was seen in Dr. Stephenson's 
beautifully illustrated slide a moment ago. 

It is in this presentation of melanoma that we 
think major amputation or exarticulation is usually 
required. In the past such surgical treatment 
was done bv all of us, I think, in a spirit of despera- 
tion, believing that nothing else would suffice. We 
were, therefore, pleasantly surprised to find in a 
retrospective study of our amputation results 
which was carried out by my associate, Charles 
McPeak, that in 54 such major amputations for 
recurrent. and metastatic. melanoma of the ex- 
tremities, we actually had 18 5-year survivors, or 
one third of the series free of evidence of the 
disease at 5 years. 


Dn. RorerT F. Ryan (Closing): In answer to 
Dr. Campbell's comment, we agree wholeheartedly. 
We, during the first summer of working with 
perfusion, found there were many factors that in- 
fluenced the pressures, and if these were not care- 
fully monitored, resulting high pressures occa- 
sionally caused the death of experimental animals. 

In regard to Dr. Aust's comment, I might say 
that, while we developed this technic at Tulane, 
we must remember that one of the members of 
this Association, Dr. Calvin Klopp, years ago 
suggested that the ideal way of treating these 


CHEMOTHERAPY OF MELANOMA BY PERFUSION 917 


large tumors would be with regional chemotherapy 
with the use of heart-lung machines. 

In further answers to Dr. Aust’s statement, he 
asked about the incidence of the disease in the 
Stage I cases. Of the 160 Stage I patients, there 
were 34 patients that developed further disease. 
One of these had what has been interpreted by our 
pathologist as a second primary. Incidentally, all 
of our cases have been reviewed by one pa- 
thologist, Dr. Dick Reed. He called all of them in 
this series invasive melanomas. There are no 
superficial melanomas in this group. 

Twenty of these 34 patients died of systemic 
disease, so evidently these had already metastasized 
at the time we did our perfusion. Thirteen had leg 
recurrences. Eight of these have been controlled 
from 2 to 12 years by reperfusion. One of them 
was controlled for 83 months, and then died. This 
leaves a small group of five, with local recurrences 
in the leg. 

Normally, when one does a wide excision of 
the primary and node dissection, most of the 
series have shown an incidence of between 20 and 
25 per cent local recurrence in the leg without 
perfusion. This means approximately 30 or 40 
patients should have had satellites in our series. 
We had just six that did have satellites. 

There were no amputations done in this group 
of 160 Stage I patients. We have performed three 
major amputations; these were in the Stage II 
group and resulted from complications of per- 
fusion. 


In answer to Dr. Stephenson's question, we 
have no explanation for this discrepancy in the 
sites of disease. It is interesting that the End 
Results Group series of some 1,600 melanomas 
reported that about 33 per cent of melanomas in 
men will occur on extremities, whereas in women 
approximately 60 per cent of the melanomas occur 
on extremities; and why this difference, nobody 
seems to know. 

I appreciate the very kind remarks of Dr. 
Bowden. We have felt that perfusion itself was 
not the final answer for the treatment of melanoma 
—we believe the immune response is probably a 
very important one, and as long as we keep our 
drugs isolated, and are not poisoning the entire 
body, we probably are affecting this system. 

After using BCG and other immunotherapeutic 
methods, Dr. Krementz has now six out of 73 
patients who have had responses similar to the 
ones Dr. Stephenson has described. 

I think in the future, as we learn more about 
the use of immune technics, perhaps these will 
alter the methods of treatment of melanoma, but 
we have come a long way in the past 14 years 
years in what we have learned about the disease. 

We know a good deal about the superficial 
melanoma and this type of treatment is not 
necessary for them. If any metastasis developed, 
we have found that our pathologist had just not 
made adequate sections of what he had called 
"superficial melanoma," and on new sections of the 
tumor, the invasive character could be established. 
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ANTILYMPHOCYTIC SERUM is a potent im- 
munosuppressive; however, the effective- 
ness of this substance in man has been 
limited by a significant incidence of local 
and systemic foreign protein reactions.’ It 
is estimated that only 2% of the gamma- 
globulin present in the serum is active in 
suppressing cellular immunity.'?^ The isola- 
tion of this fraction should greatly enhance 
the clinical effectiveness and the safety of 
this material. 


Background Studies 


Previous studies from this laboratory uti- 
lizing citric acid elution of lymphocyte- 
immunoglobulin complexes enabled the iso- 
lation of material which demonstrated some 
of the characteristics of immunoglobulin. 
This substance consistently produced cel- 
lular transformation, but was not lympho- 
cytotoxic. These characteristics suggest that 
the complement binding areas of the im- 
munoglobulin molecule were damaged dur- 
ing the elution process, and other evidence 
indicates that such damage may be due to 
the acid medium.? These encouraging initial 
results suggested that further studies utiliz- 
ing citric acid elution, modified to protect 
the antibody molecular structure were in- 
dicated. 

Dandliker? demonstrated the ability of 
certain chaotropic ions, such as thiocyanate 
and salicylate, to separate antibody-antigen 
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complexes in a relatively alkaline medium 
without destroying the normal kinetic char- 
acteristics of the antibody. These studies 
were carried out with antibody-carboxy 
methyl cellulose bound antigen. It was hy- 
pothesized that a similar technic could be 


utilized to separate lymphocyte-antibody 
complexes. 


Experimental Design 


Figure 1: Human lymphocytes or rodent 
thymocytes were incubated with horse anti- 
human lymphocyte or antirodent thymocyte 
serum or its isolated globulin fraction at 
37° C. for 1% hours. The suspensions were 
gently agitated during this period to bring 
about maximum contact of the antilympho- 
cyte globulin and the cells. During this pe- 
riod the antilymphocyte globulin attaches 
itself to the lymphocyte cell membrane.’ 
The cell suspensions were centrifuged and 
the excess serum decanted off. The cells 
were washed with buffered saline solution 
until the washings were no longer lympho- 
cytotoxic or when radioactive antibody was 
utilized contained minimal radioactivity, in- 
dicating that only lymphocyte bound anti- 
body was present. 

Efforts were made to free the attached 
globulin molecules from the lymphocytes 
or thymocytes by various physical or chem- 
ical reactions including acid elution (pH 3, 
4, and 5), acid and heat elution and chao- 
tropic ion elution at varying pH. Eluates 
were pressure dialyzed at 4° C. pH 6.8 and 
sterilized by passage through a micropore 
filter for testing. 
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Lymphocytes 


Fic. 1. Lymphocytes 
and ALG solution were in- 
cubated to form lympho- 
cyte-ALG complexes. The 
excess material was re- 
moved by washings and 
centrifugation. The lym- 
phocyte ALG complexes 
were treated by various 
physical chemical tech- 
niques to remove and 
isolate the previously at- 
tached globulin for test- 
ing. 





Methods and Materials 


Preparation of Antilymphocytic Serum. 
Antilymphocytic serum was prepared in 
horses by methods previously described.* 
Human antilymphocyte serum was obtained 
by injecting lymphocytes obtained by tho- 
racic duct cannulation into the jugular veins 
of horses over a period of 9 months. The 
anti-rat and anti-mouse serums were pro- 
duced by the injections of rat thymocytes 
and mouse spleen cells respectively. The 
globulin fraction was isolated chemically 
by the method described by James. In 
most of the mouse experiments red blood 
cell antibodies were absorbed from the raw 
serum by inclubating the serum with equal 
quantities of mouse red blood cells. 

Ionization of Proteins: Proteins were la- 
beled with ?*I (Radio Chemicals—Amer- 
shan, England) by the method of Mc- 
Farlone.® 

Preparation of Cells. Human lympho- 
cytes were isolated from fresh whole blood 
drawn in ACD solution by the method of 
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Woodruff, Reid and James.'? Routinely two 
to three hundred million lymphocytes were 
obtained from 500 cc. of blood. Mouse thy- 
mocytes were obtained from 6-week-old 
mice. The thymus was surgically removed, 
the thymus capsule carefully opened and 
the cells extracted by gentle pressure and 
filtered through a plastic tea strainer to re- 
move extraneous tissue. Approximately 125 
million cells were obtained from each mouse 
thymus. The cells were suspended in 7.2 
pH phosphate buffered saline. Efforts to 
produce an active cell membrane prepara- 
tion were tried during the initial experi- 
mental period, but the membrane produced 
did not bind antibody.* 

Incubation. Lymphocytes or thymocytes 
were incubated with antilymphocyte serum 
(2 cc. 1 Gm./100 ml. solution per 125 x 
10° cells) in a water bath at 37° C. for 90 
minutes during which time the solutions 
were gently agitated at 15-minute intervals. 
Following incubation the cells were washed 
with 10 volumes of phosphate buffered sa- 
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TABLE 1. Rodent Material: Elution with 2M NaSCN pH 5 

Experiment Yield O.D. Titer Vivo** Dose Grafts*** 
35 27 €i. 0.02 — 5095 0.3 mg. 6/8 died N.P. 
36 10 cc. 0.03 = 20% 0.45 mg. 4/4 died 
37 7 cc. 0.06 = 40€; 0.9 mg. 4/4 died 
38 8 cc. 0.03 1/2,000 2500 0.4 mg. 4 N.P. 
44 9 cc. 0.02 1/1,600 25% 0.3 mg. 4 N.P. 

Elution with Citric Acid Buffer pH 3 

Experiment Yield O.D. Titer Vivo** Dose Grafts*** 
42 9 cc 0.037 1/3,800 20%, 0.55 mg. 3/4 died N.P. 
43 9 cc 0.073 1/448 40% 11 ing. 1/4 died N.P. 
46 12 cc 0.045 1/3,200 2505 1.57 mg. 2/4 died N.P. 





* Control 1/16,000. 








** Vivo: Percentage of circulating lymphocytes five hours following intraperitoneal injection of 1/3 total dose 


for grafting. Control lymphocyte count 80^. 
*** N.P. No Prolongation. 


line pH 7.2, spun at 1,500 g. in a centrifuge 
and the supernate discarded. This process 
was repeated at least three times. During 


the early studies in which IGG was tagged 


with radioactive iodine it was found that 
three washings were necessary to remove 
the unbound excess IGG contained in the 
solution. 

Elution Step. Elution of antibody from 
the lymphocyte was attempted by a num- 
ber of physical and chemical technics. Some 
degree of success was achieved with three. 

The first method utilized to separate the 
antibody-lymphocyte complexes was the 
traditional one of physical-chemical elution 
with heated saline at acid pH. It was found 
possible to separate the ALG-lymphocyte 
complexes at 56° C. at a slightly acidic pH. 

The second method utilized was chao- 
tropic ion elution as described by Dand- 
liker. In the initial experiments carried out 
at 20° C. utilizing two and three molar so- 
dium thiacyanate solutions at 6.8 pH a 
great deal of extraneous material was pro- 
duced by cellular rupture when the sodium 
thiocyanate solution was added to the 
gammaglobulin-lymphocyte complexes. Iso- 
lation of the globulin was impossible. By 
trial and error it was found that by sus- 
pending the cells in phosphate buffer, 
maintaining the temperature at 37° C., and 


progressively increasing the concentration 
of thiocyanate in the solution it was pos- 
sible to increase the strength of the solu- 
tion to two molar, thereby achieving anti- 
body separation without producing cell 
rupture. The pH was varied downward 
with most effective separation of active ma- 
terial occurring at pH 5.5. 

The third method was that of citric acid 
elution.” ° It was found that IGG could be 
separated from the lymphocyte membrane 
at a pH below 5.5; however, at a pH be- 
low three the yield of active antibody was 
reduced. Most consistent yields of active 
material was obtained by citric acid elution 
at pH 3 at 4° C. The material was immedi- 
ately neutralized with Mcllvain’s buffer to 
a pH of 7.4. The neutralized solution was 
dialyzed under pressure in 7.2 saline for 
testing. Concentration of the protein in the 
solution was determined by the optical 
density and by the radioactivity in those 
instances where radioactive material was 
used. 


Results 


Human Material. Radioactive measure- 
ment (five experiments) revealed 0.03 to 
0.15 (mean 0.076) mg. of ALG combined 
with 100 x 10° cells, that is to say, approxi- 
mately one to five million molecules per 
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cell. Elution with NASCN released 20% to 
25% of attached ALG. Cytotoxicity ranged 
from corrected titer 1/264 to 1/1,400 for 
solutions containing 0.01 and 0.3 mg./cc. 
(control 1/512). Citric acid elution from 
raw serum preparations (ALS) had cyto- 
toxic titers of 1/640 and 1/800 for solutions 
containing 0.5 and 0.37 mg./cc. (control 
1/1,024). Similar preparations from puri- 
fied globulin (ALG) were not cytotoxic. 

Rodent Material. Table 1. It was pos- 
sible by use of the three methods described 
to separate material from the lymphocytes 
which retained its cytotoxicity and which 
produced an in vivo depression of circulat- 
ing lymphocytes in mice. Sephadex frac- 
tionation and serum immunoelectrophoresis 
identified this material as gammaglobulin 
(Figs. 2 and 3). Numerous experiments 
were carried out to perfect the technics and 
only those in which sufficient material was 
obtained for cytotoxicity studies in vivo 
and in vitro and grafting studies are noted 
in Table 1. The optical density of the solu- 
tion and the dose in milligrams of protein 
indicate that exceedingly small amounts of 
gammaglobulin were present. Despite the 
minute amount of protein, significant cyto- 
toxicity titers and in vivo depression of 
the circulating lymphocytes was achieved. 
However, graft prolongation was not ac- 
complished utilizing standard technics in 
adult mice. 

Subsequently two large batches of ma- 
terial were eluted by the thiocyanate and 
the citric acid methods utilizing the thy- 
mocytes from 48 mice and 145 mice, re- 
spectively. Both solutions were lymphocyto- 
toxic in vivo and in vitro. 

The method of Jooste was used to test 
the efficiency of this material. Essentially, 
Jooste demonstrated that neonate mice 
could be immunosuppressed by very small 
doses of antilymphocytic globulin. New- 
born mice were injected subcutaneously 
with the eluate on day 1 and 11. Tail skin 
grafting was carried out on day 21. An 
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Anti-Horse 





Fic. 2. Immunoelectrophoresis plate demon- 
strates single line produced by eluate in gamma- 
globulin position. 


additional dose was given on the 23rd day 
of life as noted in Table 2. Graft prolonga- 
tion was achieved in the newborn mouse 
with the citric acid eluate containing 3.6 
mg. of protein per cc. A total dose of 1.44 
mg. of gammaglobulin achieved this pro- 
longation ( Table 3). 


FRACTIONATION OF ELLUENT 47 ON SEPHADEX G 200 
Labelled with 0.2 mls. of N. H. IgG 1 125 





o 
E 


ce 
c 
) 
c 
c 
e 


Iw l 
| 5 I 
BK | 
05 P. 500 | 
n ! E ! 
oO ! AN 
l= H i o 
d ! i 2 
a i i 5 
O 03 f ` 300 a 
i i uv 
t y E 
02 i \ 200 2 
l ` O 
! M ! 
e X J 
5 / edi 50 | 
0 oe me 0 l 

0 5 10 15 20 25 30 35 40 


Tube No. 


Fic. 3. Sephadex fractionation identifies eluate 
as gammaglobulin. 
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TABLE 2. Newborn Mouse Grafting—sS pecifics of Solution and Dosage Schedule 
Process Day 1 Dav 11 Day 23 TOTAL 
eS Á 
50 (2M NaSCN) 0.05 cc. 0.1 cc. 0.25 cc. 0.51 mg. 
pH5 (0.06 mg.) (0.13 mg.) (0.32 mg.) 
51 Citric acid 0.05 cc. 0.1 cc. 0.25 cc. 0.72 mg. 
(0.09 mg.) (0.18 mz.) (0.45 mg.) 
52 Citric acid 0.05 cc. 0.1 cc. 0.25 cc. 1.44 mg. 
(0.18 mg.) (0.36 mg.) (0.9 mg.) 





Discussion 


At the University of Edinburgh the stan- 
dard dose of horse antilymphocytic globu- 
lin in mice is 1.5 cc. of a 1.0 Gm./100 ml. 
solution administered intraperitoneally in 
divided doses over a period of 5 days com- 
mencing prior to skin transplantation. This 
amount is highly effective and results in 
significant prolongation of graft survival. 
The amount given intramuscularly in man 
has approximated one gram of material 
given over a period of approximately 2 
months. Intravenous administration allows 
considerably higher dosage schedules and 
patients have received 4 to 5 Gm.; how- 
ever, the amount of material injected in 
humans is still of a magnitude of one tenth 
that used for immunosuppression in small 
animals. It is logical to conclude that if the 
specific fraction or fractions of the globulin 
concerned with immunity were isolated, 
larger doses of more specific material could 
be utilized at decreased risk. These studies 
were carried out with the purpose of identi- 
fying and isolating this fraction of gamma- 
globulin. 

These results indicate that antilympho- 
cytic globulin attaches itself to lympho- 
cytes or thymocytes in vitro; that is, an 
antigen-antibody reaction takes place be- 
tween the globulin molecules and the lym- 
phocyte cell membrane. Further it is pos- 
sible by a number of physical-chemical 
methods to remove this antibody and most 
importantly to remove it without destroy- 


ing its ability to be cytotoxic and to pro- 
long grafting. 

However, the potency of the isolated 
globulin is not in keeping with the hy- 
pothesis; that milligram for milligram it 
should be many times more active than the 
untreated material. In most instances the 
isolated material was about equally active 
or slightly more active than the untreated 
material in the in vitro and the in vivo 
testing systems. Two explanations present 
themselves: first, some damage to the im- 
munoglobulin molecules took place during 
processing, and secondly, all of the globu- 
lin that attaches itself to the lymphocyte is 
not actively immunosuppressive. Both ex- 
planations seem likely. 

Previous studies from this and other labo- 
ratories have demonstrated that an acid 
medium damages the complement binding 
area of the globulin molecule.? This loss of 
complement binding ability renders the 
immunoglobulin ineffective so far as its 
cytotoxic property is concerned. One may 
speculate that some of the material was 
damaged in this manner, but quantitation 
of such damage was not possible and in ex- 
periments where free antibody was treated 
with acid medium under the same condi- 
tions used to separate bound antibody, no 
significant change in the cytotoxic prop- 
erty of the immunoglobulin solution oc- 
curred. 

Sodium thiocyanate in the concentra- 
tions necessary to achieve separation of 
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TABLE 3. Infant Mouse Grafting with Eluate 
we a a ee 


No. 50 NaSCN Eluate 


No. 51 Citric Acid Eluate. 72 mgm. 





Grafted June 25 Grafted June 25 
Date July 6 July 7 Date July 6 July 7 
Day 11 12 Day 11 12 
5030 A D 5023 A D 
5031 A D 5024 A D 
5032 A D 5025 A D 
5033 A D 5026 A D 
5034 A D 5027 A D 
5035 A D 5028 A D 
5036 A D 5029 A D 
Controls Controls 

5037 A D 5039 A D 
5038 A D 5040 A D 
5041 Had injections 5049 Had injections 

No graft No graft 

Alive and well Alive and well 


Controls-—Grafted but no injections. 


A = 100% viable, B = 50% viable, C = 50% viable, D = All scab or graft gone. 


No. 52 Citric Acid Eluate 1.44 mgm. 











Grafted June 26 

Date 7/7 7/8 7/9 7/10 7/11 7/13 7/14 7/15 7/16 7/17 
Day 11 12 13 14 15 17 18 19 20 21 
5042 A D 

5043 A A A A A A A B C D 
5044 A A A A A B C D 

5045 A A A A B C D 

5046 A A B D 

5047 A D 

5048 A B B D 

Controls 

5050 A D 

5051 A D 

5052 Had course of injections but no graft. 

Remained alive and well. 





antigen and antibody causes disruption of 
cells and one would expect some damage 
to the delicate amino acid structure of the 
globulin molecule. Again, free antibody 
treated with the eluting solution produced 
no significant change. However, antibody 
attached to a cell membrane may act dif- 
ferently. 

Evidence is accumulating that much of 
the artificially introduced foreign globulin 


attaches to lymphocytes without being spe- 
cifically antilymphocytic; or stated another 
way, globulin without specific immuno- 
logic property or with immunologic prop- 
erty not specifically concerned with the 
lymphocytes still may attach to lympho- 
cytes.5-* If such be the case the globulin re- 
leased from the lymphocyte-immunoglobu- 
lin complex is heterogenous in property. 
This heterogenous population of globulin 
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molecules would be expected to react simi- 
larly to the material isolated in these ex- 
periments, 


summary 


Antilymphocytic globulin and human 
lymphocytes or rodent thymocytes were 
incubated for sufficient time of allow the 
formation of immunoglobulin-lymphocyte 
complexes. 

Various physical and chemical methods 
including citric acid elution and elution 
with chaotropic ions, specifically sodium 
thiacyanate, were utilized to free the im- 
munoglobulin from the lymphocytes or thy- 
mocytes. 

The material produced was identified as 
gammaglobulin by Sephadex fractionation 
and immunoelectrophoresis. It retained the 
ability to kill lymphocytes in vitro and in 
vivo and prolonged graft survival in infant 
mice. 

However, the material was not as active 
as it should have been if it was the specific 
fraction of gammaglobulin programmed for 
lymphocytes. Thus the concept that a het- 
erogenous population of gammaglobulin 
combines with the lymphocyte presents the 
best explanation. 
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Mixed Lymphocyte Culture in Histocompatibility 
Testing for Familial Renal Transplantation 
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AN INTERNATIONAL EFFORT to discover 
methods of predicting tissue compatibility 
has been underway for several years. The 
HL-A system of tissue antigens has re- 
ceived much attention, and is now estab- 
lished as a major histocompatibility system 
in man. HL-A serotyping of human lym- 
phocytes has been the most widely used 
method of evaluating histocompatibility in 
human transplantation. As yet, HL-A sero- 
typing is of proven value in only two situa- 
tions. One is the detection of patients pre- 
sensitized to donor antigens, and the other 
is the establishment of genotypic HL-A 
identity. Kidneys transplanted into indi- 
viduals presensitized to donor antigens al- 
most always fail** while kidneys trans- 
planted between HL-A identical siblings 
almost always succeed.2* 1 

It has not been possible to predict with 
HL-A serotyping which transplants will 
succeed or fail in the presence of incom- 
patibility because of the substantial inci- 
dence of success even when incompatibility 
is present, and because there is no consist- 
ent relationship between the incidence of 
failure and the number of HL-A incom- 
patibilities.? In this study we sought to de- 


termine the role of mixed lymphocyte cul- 
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tures (MLC) in clinical histocompatibility 
testing, 

The stimulation to lymphocytes which 
occurs in MLC’s has been found to be a 
specific immunologic event.*:* When hu- 
man lymphocytes are used, the response is 
primarily due to HL-A differences, and 
has been reported to vary quantitatively 
with quantitative differences in HL-A in- 
compatibility: It, therefore, seemed pos- 
sible that MLC studies might provide use- 
ful clinical information impossible to ob- 
tain at present by lymphocyte serotyping. 
The questions which have been considered 
are these: 


1) Does the MLC response vary quanti- 
tatively with differences in HL-A in- 
compatibility? 

2) Under what circumstances can the 
MLC be used to select the most ap- 
propriate kidney donor? 

3) Do some HL-A antigens induce Jess 
blastogenic transformation than others, 
thus implying that certain antigenic 
differences are relatively unimpor- 
tant? 

4) In instances in which individuals 
phenotype with less than four anti- 
gens, can the MLC be used to deter- 
mine if an additional antigen is pres- 
ent but serologically undetected? 

5) Is MLC stimulation due solely to 
HL-A incompatibilities? 


Materials and Methods 


Mixed Lymphocyte Cultures. Leuko- 
cytes were obtained from heparinized blood 


926 McDONALD, SU AND HORNUNG 
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Fic. 1. Comparison of results of one-way MLC's 
between cells known from genotyping to differ by 
one, two, or three HL-A antigens. Column IV does 
not include phenotypic HL-A identical cells that 
are not genotypically identical. Mean differences 
appear to reflect quantitative differences in HL-A 
incompatibility although some comparisons do not 
reach statistical significance. Of particular impor- 
tance in the great variation in responses between 
cells with the same number of HL-A incompati- 
bilities. 
by  polyvinylpyrrolidone — sedimentation. 
Granulocytes were removed by filtration 
through a column of nylon. Platelets were 
removed by differential centrifugation. 
Erythrocyte contamination was cleared by 
hypotonic lysis. The lymphocytes thus ob- 
tained were tested for viability by dye ex- 
clusion and used at a concentration of 1 X 
105 viable cells/ml. in Eagles minimal es- 
sential medium with added glutamine and 
antibiotics plus 25% autologous plasma. 
One-way reactions were obtained by ren- 


dering stimulator cells unresponsive by 


x-irradiation. The procedure was otherwise 
as described by Colley and DeWitt.® All 
cultures were performed in duplicate and 
most in triplicate. All experiments included 
two positive controls. One was a culture 
stimulated by phytohemagglutinin (PHA) 
and the other was a culture stimulated by 
lymphocytes from an individual unrelated 
to the responder. The results of an experi- 
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ment were not considered valid unless the 
responding cell was stimulated by PHA. 
Results are reported: 


disintegrations per minute 

in test cultures 
disintezrations per minute in 
unstimulated control cultures 


— Mitotic Index 
(MI) 


Values above 2 are generally taken to rep- 
resent significant stimulation. 

Leukocyte Serotyping. The serum panel 
consisted of approximately 100 anti-HL-A 
sera which would recognize HL-A 1, 2, 3, 
5: 7, 9, 10, 11, 12, 13, Ba*, LAW, R*, LND, 
MAKI, BB, AA, and FJH. It differed only 
slightly from the panel previously de- 
scribed? Typing was done by the mi- 
crocytotoxicity method as previously de- 
scribed.? 

Clinical Material. Data were obtained 
on 153 members of 39 families. Each indi- 
vidual’s leukocytes were phenotyped on 
two occasions and an effort made to estab- 
lish the genotype of each family. There 
were thus 156 chromosomes for analysis. 
One-way MLC’s were performed between 
342, pairs of individuals in combinations ex- 


MIXED LYMPHOCYTE. REACTIONS 


MITOTIC INDEX 





TOTAL 


REVERSED 
REJECTION 
iV, pz <01 IV, p=<.0] 


Fic. 2. The results of one-way MLC’s between 
the lymphocytes of 28 renal allograft recipients 
and the a of their respective donors are 
compared t rejection in the allograft. 
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pected to be informative. A total of 28 re- 
nal transplants were ultimately performed 
within these families and have been fol- 
lowed from 12—24 months. 


Results 


It was possible to determine by HL-A 
genotyping precisely what HL-A antigenic 
disparity existed between the interacting 
cells in 228 of the 342 MLC's. The data are 
collected in Figure 1. The mean stimula- 
tion produced by a three-antigen incom- 
patibility is greater than that produced by 
two antigens which is, in turn, greater than 
that produced by one. Rarely was the MI 
. greater than 2 in MLC’s between HL-A 
identical cells. Thus, if the results are con- 
sidered in terms of averages they do ap- 
pear to reflect HL-A incompatibilities. 
However, due to the wide variations in re- 
sponses the difference between the means 
of columns I-II, I-III are not statistically 
significant. This variation in response makes 
it impossible to depend upon the MLC to 
reflect accurately HL-A disparities between 
individual patients when there is stimula- 
tion (MI — » 2). There are numerous ex- 
amples of very high or very low stimulation 
produced by one, two, or three antigen in- 
compatibilities. The difficulties in using 
quantitative differences in the MLC re- 
sponses as a guide to donor selection, pre- 
dicted by analysis of the data in Figure 1 
were borne out by analysis of the clinical 
results of renal transplantation. 

Figure 2 relates the incidence and type 
of rejection which followed 28 renal trans- 
plants to the amount of recipient lympho- 
cyte stimulation produced by donor lym- 
phocytes. Again the mean responses were 
less in those donor-recipient combinations 
which resulted in no rejection or chronic 
rejection than between combinations which 
resulted in total or acute but reversable re- 
jection; yet, the numerous exceptions to the 
predicted results are apparent. However, 
the data can be examined in another way 
(Fig. 3) which indicates that if stimulation 


PERCENT 





NONE 


SIGNIFICANT 
(MI »2) 


STIMULATION IN MLO 


Fic. 3. Patients who had no evidence of rejec- 
tion related to the presence or absence of MLC 
stimulation. 


of recipient cells by donor cells produces 
a MI of two or less rejection is uncommon, 
but if the MI is greater than two some form 
of rejection is very likely although by no 
means certain. 

This interpretation must be made with 
caution; in the group without MLC stimu- 
lation only one of the nine transplants 
which have not experienced rejection was 
definitely not between genotypically identi- 
cal siblings. Five of the nine were between 
unequivocally genotypically identical per- 
sons. The remaining three were between 
siblings who were certainly phenotypically 


TABLE 1. The Incidence of No Response by MLC 
among Family Members 


Stimulator 
Patient Healthy 
Responder Offspring Offspring 
Mother 7/40* 7/40 
Father 4/25 4/25 
Mother Father 
Patient offspring 2/41 4/31 
Healthy offspring 2/41 1/31 





* MLC's showing no stimulation 
Total number of MLC's 


The stimulating cell always differs from responding 
cell by 1-3 HL-A antigens. 
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Fic. 4, MLC's performed when stimulating 
cells were known from genotype to differ from re- 
sponding cells by only one antigen. The amount 
of stimulation which occurred as a result of the 
several incompatibilities is shown. 


identical but the familv studies were not 
sificient to establish genotypic identity. 
However, in the group with MLC stimula- 
tion one transplant was between phenotypic 
HL-A identical individuals and one was be- 
tween genotypic HL-A identical persons. 
Both underwent rejection which was re- 
versed in the former but complete in the 
latter (vita infra). If it is true that no 
stimulation in MLC’s between individuals 
with known HL-A incompatibilities is a 
good prognostic sign it would be of con- 
siderable clinical significance because the 
situation frequently occurs in families. The 
data were therefore examined to determine 
if any explanation for the absence of stimu- 
lation could be uncovered. Since all cul- 
tures were performed with lymphocytes 
suspended in 25% plasma obtained from 
the donor of the responding cell the possi- 
bility was considered that anti-HL-A anti- 
bodies present in plasma might have sup- 
pressed the responses. If this were true a 
higher incidence of failure to respond 
would be expected to occur when maternal 
cells (sensitized by pregnancies) or patient 
cells (sensitized by blood transfusion) were 
used as responding cells. Table I shows 
these comparisons and indicates that this is 
not true, Therefore, the use of autologous 
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plasma did not appear to be responsible 
for the phenomenon. However, the inci- 
dence of no response was greater when 
the responding cell was parental (22/65) 
rather than derived from offspring (9/72) 
p = < 0.02. The relationship did not hold 
if the parental cell was the stimulator. The 
possibility that a uremic individual’s cells 
were intrinsically less able to respond than 
a healthy individual’s lymphocytes was as- 
sessed by comparing the stimulation pro- 
duced when cells from uremic or healthy 
people were challenged by cells from un- 
related individuals. The responses was not 
lower when cells from uremic persons were 
used. 

The absence of MLC response in the face 
of HL-A incompatibilities is apparently a 
phenomenon restricted to genetically re- 
lated individuals. Well over 500 MLR’s 
have been performed in this laboratory and 
the cells of an unrelated individual are al- 
ways included as a positive control along 
with PHA. We have observed failure of 
stimulation between cells of unrelated in- 
dividuals on one occasion when the re- 
sponding cell was stimulated by PHA. 

Another possible explanation for the num- 
ber of MLC’s which produced no stimula- 
tion might be that certain HL-A antigenic 
differences are less crucial than others. 
Stated in another way, some HL-A antigens 
might be less immunogenic than others. 
Figure 4 shows the stimulation produced 
by single antigen incompatibility according 
to the particular antigen involved. 

When the data are divided into so many 
subgroups the observations are too few to 
allow firm conclusions, but there was no 
antigenic disparity which consistently pro- 
duced no stimulation. There was little to 
suggest that any particular antigen was less 
or more iramunogenic than another; how- 
ever, the possibility that HL-A 7 produces 
less than average, while HL-A 9 produces 
more, cannot be ruled out without further 
study. The wide variation in response to 
the X antigens is to be expected since this 
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group is undoubtedly comprised of several 
different moieties. Analysis of the results of 
101 MLC' between cells with two-antigen 
incompatibility and 15 MLC's between cells 
with three-antigen incompatibility did not 
suggest that any particular combination of 
antigens produce less or more stimulation 
than average. 

Since it became apparent that the ab- 
sence of MLC stimulation did not assure 
the absence of HL-A incompatibility, it 
seemed logical to wonder if the presence 
of stimulation in the MLC assured the pres- 
ence of HL-A incompatibility. It was pos- 
sible to study this question because three 
families were found in which lymphocytes 
from the mother and father contained two 
antigens in common. The genotype of one 
family is shown in Figure 5. In this family, 
the mother and siblings two and three are 
phenotypically identical The relationship 
of sibling two and three to each other can- 
not be established. MLC' between the 
mother and siblings two and three should 
determine if phenotypically HL-A identi- 
cal cells produce stimulation. In the three 
families it was possible to perform 21 such 
reactions. The results are presented in Fig- 
ure 6. 

Significant stimulation was produced in 
7 of the 21 cultures while stimulation was 
produced in only 2 of 32 reactions (Fig. 1) 
between genotypically HL-A identical sib- 
lings (p — « 0.001). 

These data indicate that stimulation in 
the MLC occurs commonly in the presence 
of HL-A phenotypic identity. This im- 
plies that one cell containing a specific 
antigen can be stimulated by another cell 
containing the same antigen provided the 
antigens are controlled by genetically dif- 
ferent alleles. It further implies that the 
presence of stimulation does not exclude 
HL-A compatibility. The results of one re- 
nal allograft performed between related 
phenotypically HL-A identical persons was 
mentioned earlier. The MLC responses be- 
tween genotypically HL-A identical cells 
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Fxc. 5. Genotype of family in which father and 
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Fic. 6. MLC’s between related individuals who 
are phenotypicaly HL-A identical but no geno- 
typically HL-A identical. 
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Fic. 7. Genotype of family showing the geno- 
type of HL-A identical siblings one and two. The 
B haplotype was markedly 10 sera and the C 
haplotype by 14. 


was shown in Figure l. Stimulation oc- 
curred in two of 32 MLC's between geno- 
typically identical cells. These two oc- 
curred between one pair of siblings. The 
family genotype is shown in Figure 7. Sib- 
lings one and two appear unquestionably 
HL-A identical. The phenotypes were com- 
prised of antigens readily recognized. The 
B haplotype was marked by 10 positive 
sera and the C haplotype was marked by 
14. There were 12 additional broadly reac- 
tive sera positive on both siblings cells. 
Further, of the 92 sera reacted with their 
cells there was only one discordant reaction 
and that serum was known to contain an 
anti-HL-A 2 antibody of restricted activity. 
In spite of their HL-A identity, sibling one 
cells responded to sibling two cells with an 
MI of 8.8 on one occasion and 6.6 on an- 
other. Sibling two cells responded to sib- 
ling one cells with an MI of 3.0. Neither 
sibling had ever received blood and sib- 
ling two had never been pregnant. The re- 
nal transplant from sibling two to sibling 
one failed on the fourth postoperative day 
due to thrombosis of the renal vasculature. 

The study of this family offers evidence 
that stimulation of MLC can occasionally 
occur even in the presence of genotypic 
HL-A identity. Further, it suggests that the 
serologic HL-A determination of genotypic 
identity is not always a guarantee of suc- 
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cessful transplantation. The combination ol 
serologic HL-A identity plus an absence of 
stimulation in the MLC (in both directions, 
ie, donor— recipient and recipient > 
donor) appears more reliable. Eight trans- 
plants were performed with these criteria 
satisfied and no hint of rejection has oc- 
curred as yet. 


Discussion 


This study confirms other reports that the 
average stimulation in the MLC parallels 
quantitative differences in HL-A compati- 
bility.? Further, the results of renal trans- 
plantation did parallel MLC stimulation in 
that the less the average MLC stimulation 
of recipient cells by donor cells the less 
likely rejection was to occur. However, 
there was a wide variation in the mag- 
nitude of responses among cells known to 
differ from the stimulating cells not only 
by the same number of antigens but even 
by the same antigen. 

When there is significant stimulation the 
wide variations in responses make it unwise 
to rely upon the degree of stimulation as a 
guide to donor selection in individual cases. 
The situation may be different if the choice 
is between one donor whose cells produce 
some stimulation and another whose cells 
produce no stimulation in the recipient. The 
incidence of rejection was significantly less 
when there was no MLC stimulation, This 
is undoubtedly due in large part to the 
presence of a greater degree of HL-A com- 
patibility when there was no MLC stimula- 
tion. Nevertheless, there were examples of 
phenotypically and genotypically HL-A 
identical individuals with lymphocyte stim- 
ulation in MLC whose renal allografts ex- 
perienced rejection, as well as examples of 
non-HL-A identical individuals with no 
stimulaticn in MLC and no rejection. This 
suggests that when a potential donor’s 
lymphocytes produce no stimulation in 
MLC with the prospective recipient his 
tissues may be acceptable to the recipient 
in spite of HL-A incompatibilities. The con- 
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verse may also be true, That is, in the pres- 
ence of MLC stimulation the tissue may not 
be acceptable in spite of HL-A compatibil- 
ities. Further observations will be required 
to establish the validity of this concept; 
however, it is potentially of substantial im- 
portance in intrafamilial transplants. 

No explanation was found for the large 
number of intrafamilial MLC’s which re- 
sulted in no stimulation in spite of HL-A 
differences. The presence of anti-HL-A anti- 
body in the MLC has been reported to sup- 
press the response. Maternal cells were 
also reported to respond less than paternal 
cells when stimulated by cells from their 
offsprings, and it was implied that this was 
due to HL-A sensitization from pregnancy.® 
No evidence was found to implicate that 
this was a factor in the results of these ex- 
periments, although parental cells (both 
maternal and paternal) more commonly 
failed to respond than any other type. 

Uremic cells are known to be immuno- 
suppressed by the disease process, but lym- 
phocytes from uremic patients responded 
as well as lymphocytes from healthy in- 
dividuals when tested against cells from 
unrelated sources. 

It has been suggested that some HL-A 
incompatibilities are less or more immuno- 
genic than others.? No antigen or combina- 
tion of antigens were found in this analysis 
which failed to produce stimulation. There 
was little indication that incompatibility 
with any particular HL-A antigen or com- 
bination of antigens was less or more im- 
munogenic than others although further 
studies would be required to rule out the 
possibility with regard to HL-A 7 and 
HL-A 9. This is in agreement with studies 
which compared the results of renal trans- 
plantation to the particular HL-A incom- 
patibility involved.? 

Several pairs of individuals were found 
who were phenotypically HL-A identical, 
and MLC’s between them commonly pro- 
duced significant stimulation. This was also 
true in one pair of genotypically HL-A iden- 


tical siblings. It is possible that these ex- 
amples reflect inaccuracies of HL-A sero- 
typing as it exists at present, but it is 
equally possible that the responses were 
due to non-HL-A factors. In fact it is tempt- 
ing to suggest that although MLC stimula- 
tion does on the average reflect HL-A in- 
compatibility, the wide variation about the 
mean is a reflection of the presence or ab- 
sence of other non-HL-A factors. It is ap- 
parent that MLC results alone cannot be 
used to establish genotypic or phenotypic 
HL-A identity. Neither can it be used to 
establish homozygosity because in any situa- 
tion in which stimulating cells were homo- 
zy gous for an HL-A antigen one allele of the 
antigen would necessarily be genotypically 
different from that of the responding cells. 
Since stimulation commonly occurs between 
phenotypically identical cells it would be 
expected frequently in the situation of 
homozygosity. Further, the frequent failure 
of stimulation to occur in the presence of 
known HL-A incompatibilities makes it im- 
possible to use the absence of stimulation 
as an indicator of homozygosity, although 
this may not be important clinically. 


Conclusions 


l. In general the mixed lymphocyte cul- 
tures responses parallel differences in HL-A 
incompatibility and appear to relate to renal 
allograft survival. 

2. In the presence of significant stimula- 
tion, the MLC cannot be used to reliably 
select the most compatible renal donor be- 
cause of the wide variations in magnitude 
of responses among cells which are known 
to differ from the stimulating cells by the 
same number of antigens as well as the 
same antigen. The reasons for these varia- 
tions are unclear but probably are due in 
part to stimulation produced by non-HL-A 
factors. 

3. The absence of stimulation in the 
MLC may be of clinical significance in in- 
trafamilial renal transplantation irrespective 
of HL-A differences. 
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4, The most reliable indication of success- 
ful transplantation exists when the donor 
and recipient are HL-A identical serolog- 
ically and no stimulation occurs in MLC’s 
between them. 
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DISCUSSION 


Dn. Tuomas R. pe MrxxesrER (Honolulu) dis- 
cussing Paper No. 32; A cumulative history 
on the biological activity of the antilymphocytic 
serum has preceded Dr. Mclaughlin’s work, the 
results of which have demonstrated its potential 
immunosuppressive properties. Dr. McLaughlin’s 
studies represent an initial step which must be 
undertaken in order to make the antilymphocytic 
serum a potential clinical tool; namely, concen- 
tration and purification of the active ingredients. 

The significance of the problem can be more 
fully comprehended if one considers that an 
effective dose of crude serum for a single mouse 
is approximately 0.5 to 1 cc. per day. Compared 
by weight to a human standard, this represents a 
daily dose of 1 to 1-1/2 liters per patient per day. 
The production of such volumes of serum is ex- 
tremely difficult and the administration of such 
volumes of heterologous serum to a patient would 
be unsafe. 

It is only through the efforts of such work as 
Dr. McLaughlin’s that the use of antilymphocytic 
serum could become a safe, practical, clinical tool 
and, if merited, will lead to its synthetic produc- 
tion. 

Finally, I would like to ask him one question: 
Has his technic of breaking the antibody-antigen 
bond been applied to other methods of studying 


the immunological reaction? This would be an 
excellent side benefit of his work. 


Dr. J. Avex HALLER, Je. (Baltimore) dis- 
cussing Paper No. 33: I am appreciative of the 
fact that Dr. de Meester opened the discussion, 
because he is working actively in this field of the 
antilymphocyte sera at the present time, and 
therefore could give some authoritative comments 
upon it. 

As a general surgeon with a particular interest 
in the fied of transplantation biology, I would 
like to make a few comments about the general 
concept which Dr. McDonald and his associates 
have presented to us, and to ask him several 
questions. 

I am stre we are all familiar with the fact that 
there are a number of factors which are respon- 
sible fcr tke failure of grafts, not only sepsis, but 
also the ischemia time between the transfer of the 
organ from the donor to the recipient, and also 
the vascular catastrophes that can occur after 
transplantation. But the area which he is con- 
centrating upon, as are many other investigators, 
has to do with the rejection phenomenon related 
to the immunologic problems in transplantation, 
the incompatibility of these tissues, or the possible 
incompatibility. 

I wish that Dr. Mel Williams could have been 
here to discuss this paper. As you know, he has 
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been working very actively in the area of sera 
typing, which up to the present time has been 
the most useful means of selecting donors and 
matching them with recipients. Dr. Williams 
worked with Dr. Hume in Richmond, and is now in 
Baltimore with us, and has, in association with a 
number of colleagues, set up a pcol of donor 
sera which makes it possible to select the best 
recipients for the available material in that one 
region. 

In sera typing we have available to us the 
possibility of matching the antigenicity of an 
individual with a number of HL-A antigens, and 
in this way at least to select the most likely match 
for the transplantation. 

Dr. McDonald and his associates, if I under- 
stand the data correctly, have brought one further 
test to bear which may make it possible to check 
on the sera, and the sera typing. In this activa- 
tion of the mixed lymphocyte culture they have 
attempted to use what he is calling an in vitro 
study, which I think might be called, John, an 
ex vivo study, because these are living cells which 
are then challenged. In any event, this is an 
attempt to bring a new dimension to our under- 
standing of the transplantation phenomenon. 

One of the things I would like specifically to 
ask you about is this: You pointed out that in 
those situations in which there was a good sero- 
logic, or sera typing match and a good MLC 
typing match, you had excellent results. What I 
was not sure of is how many of the patients fit in 
this category, because, although you emphasized 
that this is the ideal double match, the percentage 
that occurred escaped me, and I think it would 
be interesting to know how frequently this occurs. 

As in all good, objective experimental studies, 
the answers were not quite what the authors ex- 
pected, but I think they have uncovered some 
unanswered aspects of histocompatibility matching 
which may be even more intriguing and more far- 
reaching in their meaning than their results them- 
selves. 

I would specifically like to ask if in your studies 
where you found there was not a good correla- 
tion between the serctyping and the mixed 
lymphocyte culture technic, if there was any 
evidence that suppression, using the various 
technies available, was any easier where you did 
have less reaction of your MLC culture. 

We know that there are all degrees of this 
reaction. It is not quite like pregnancy where a 
little bit goes a long way. There may actually be 
some quantitative aspects of this, and I would be 
interested to know whether you were able to 
decrease your suppression on the basis of these 
studies. 

Finally, I would like to ask—I hope, in a 
provocative way— whether you have considered 
the possibility of activating your lymphocytes 
before harvesting them, by challenging them with 
some type of antigen which might make them, 
perhaps, a defensive unit, rather than sitting on 
the bench, available at the time of the final 
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challenge, because it is possible, I think, that some 
of the lymphocytes may be more specific for this 
type of reaction than the general lymphocyte pool. 


Dr. Josera S. McLaucuiin (Closing discus- 
sion of Paper No. 32): I would like to thank Dr. 
de Meester for his very kind comments and point 
out to those of you who are interested in this 
subject that Dr. de Meester wrote a very fine 
monograph on antilymphocytic serum. (Surg. 
Gynecol. Obstet., 130: 717, 1969) 

In answer to his question concerning the 
ability to remove the globulin molecules from the 
lymphocyte—or, in other words, to break down 
the antigen-antibody bonds—I feel that this is the 
most important aspect of this research. If in a 
mixture of proteins one is able to attach an 
antibody complex and then remove the antibody 
without injury one can study its characteristics 
and properties, and perhaps isolate it and identify 
it. This has wide application to a number of 
fields of study, cancer being just one of note. 


Dr. Joun C. McDonarp (Closing discussion 
of Paper No. 33): I thank Dr. Haller for his 
comments. In answer to his specific questions, 
there were eight of 28 transplants performed be- 
tween individuals who were both HL-A identical 
and showed no stimulation in MLC's. All of those 
patients are well and have never shown evidence of 
rejection. That leads to the answer to another 
part of the question; which was: Is immunosup- 
pression easier in this group? Yes, in that partic- 
ular group it certainly is much easier. We de- 
crease immunosuppression much more rapidly in 
that group. We don't know exactly how fast to do 
this yet, but we get more courageous with in- 
creasing experience. 

I do think that challenging lymphocytes with 
specific antigens to which they are specifically 
presensitized may remove them from the circula- 
tíon. Dr. Bach has been working with this problem 
in an in vitro system. However, I am not certain 
that this would be useful and at the present it 
is not technically possible. 

I want to emphasize that when we started 
these experiments it was our hope that it would 
be possible to quantitate the amount of stimula- 
tion that was produced between cells and use 
it to indicate the amount of incompatibility be- 
tween the individuals. The fact is that this is not 
possible. The reason that it is impossible is that 
cells frequently do not respond when they are 
expected to and sometimes respond when they 
should not, because there are factors other than 
those determined by the HL-A locus responsible 
for stimulation. 

The one observation that looked to us as if it 
might be important in the clinical setting was 
the fact that we did see some examples in which 
no stimulation occurred in the presence of HL-A 
incompatibilities. Transplants in this situation 
usually were successful. 
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THE TERMS homograft and heterograft 
have been used to describe grafting pro- 
cedures but in more modern terminology 
these procedures are known as allograft 
and xenograft. Years ago a xenograft in 
which the recipient was a human being was 
termed a zoograft. The first reference to 
such a graft is found in Observationes 
Medico-Chirurgicae of Jobus a Meek’ren 
(1682) in which he tells of a letter received 
by a Dutch theologian named Engebert 
Sloot from a Russian colleague, Johan Kraan- 
winkel. Apparently Kraanwinkel told of a 
Russian nobleman whose head had been 
cleft by a Tartar’s sword, removing part of 
the scalp and skull. This loss was success- 
fully repaired with a piece of canine skull, 
and the overjoyed nobleman told all his 
friends about his miraculous cure. Unfor- 
tunately, the head of the Russian Church 
threatened the nobleman with excommuni- 
cation and denied him access to any church 
function as long as the particles of canine 
bone remained fixed in the head of this 
Christian man. The nobleman, preferring to 
be numbered among the members of the 
church, ordered the surgeon to remove the 
dog bone and thus escape excommunication. 
The ecclesiastical hand had smothered orig- 
inal thought and little further was heard of 
zoografting until the second half of the 
nineteenth century.* 
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The renowned Reverdin employed zoo- 
grafts. He suggested in a report to the 
Academy of Sciences in 1872 the following, 
"skin for grafting can be taken not only 
from the same individual but from indi- 
viduals of the same species or of different 
species." 

The first known attempt at xenografting 
of skin in this country was reported in the 
9 September 1880 issue of the Boston Med- 
ical and. Surgical Journal. An abbreviated 
report from their Chicago correspondent 
follows: 


"The topic in professional circles here 
is the operation at the County Hospital 
by Er. E. W. Lee of transplantation of 
skin from sheep to a human body. The 
experiment bids fair to be a success. The 
subject of this experiment is a girl about 
10 years of age who had an extensive 
burn əf the back about a year and a half 
ago. À large granulating wound remains. 
Skin grafting had been unsuccessful. The 
child has been prone most of the time 
and has lost a tremendous amount of 
weigh: A few weeks ago an attempt to 
transplant a flap from the thigh of an 
older brother failed. Then Dr. Lee began 
to experiment with flaps from the sides 
of sheep. His first lamb was lost after the 
dissection of the flap from the shock of 
the operation. He next operated on two 
other lambs, dissecting up to two moder- 
ate sized flaps from each, placing oiled 
silk bereath them to prevent adhesion and 
dressing them antiseptically. These ani- 
mals were then permitted to graze in the 
hospita? yard, fed on milk with occasion- 
ally a small admixture of whisky. They 
tock to this diet with avidity. After several 
days hed elapsed and the animals were 


ALLOGRAFTS AND XENOGRAFTS FOR WOUND DRESSINGS 935 


vigorous, the operation of the application 
of the flaps of one of them was made. 
The lamb was fastened in the standing 
position in a wood cage, its body being 
fixed securely and sustained by plaster of 
Paris bandaging of its limbs. Perfect co- 
aptation and perfect immobilization were 
secured. The patient is now improved in 
appearance and general condition since 
the operation and the lamb shows no 
signs of failing health. Transfer of the flap 
was made on 24 August. Six days have 
elapsed at this writing and the union of 
the flap seems to be perfect. Of course, 
when it is separated from the lamb it 
may suffer and perhaps slough, but it is 
now well settled that the skin of the sheep 
will adhere to a granulating surface on 
the human body.” 


As an example of “rushing into print" this 
is the acme. Fortunately, the Chicago cor- 
respondent gave the sequel to his news 
in his next writing on 7 October 1880 as 
follows. 


“The experiment of Dr. Lee at the 
County Hospital at transplanting the flaps 
of the skin of the sheep to the body of 
a little girl failed by the death of the pa- 
tient before the flaps were completely cut 
loose from the body of the sheep. Death 
was due to exhaustion and amyloid de- 
generation of the liver, kidneys and other 
organs.” 


After a prolonged search no trace has been 
found of Dr. Lee ever having written about 
his experiments in medical journals and pre- 
sumably his surgical zeal was directed later 
into more profitable channels. 

In 1895 Miles of Edinburgh wrote a long 
report on 10 cases of grafts from frogs, rab- 
bits, kittens, greyhound pups and fox terrier 
pups. Van Meter (1890) obtained his grafts 
from puppy dogs of the Mexican hairless 
breed. In the early years pigs were used but 
later the antivivisection laws of 1876 made 
it necessary to kill the pig which, according 
to Miles, made pigs too expensive. There 
are a few scattered references to skin from 
birds. A French surgeon named Redard 
(1888) used skin from the under surface of 


a chicken’s wing and Aldrich (1893), an 
American, took grafts from half-grown 
pigeons. 

In all these accounts the chief aim was to 
have skin of an animal replace the skin of 
a human. In the early part of the twentieth 
century it was found that this really could 
not be done. Shortly after World War II, 
however, the use of allografts for temporary 
dressings in large burn wounds was started 
by Giovanni Dogo ? in Padua. He reported 
a very extensive experience with cadaver 
homografts, skin taken from recently de- 
ceased bodies. Shortly thereafter, allografts 
as biologic dressings were popularized by 
Brown ? of St. Louis. 

For many years, burn surgeons utilized 
living donors and recently deceased bodies 
for skin to be used as biological dressings 
in extensively burned patients. The grafts 
were placed on large burn wounds and were 
allowed to remain there from 3 to 7 weeks. 
During this time the wound was covered 
thus diminishing infection and minimizing 
the loss of protein, electrolytes and fluids. 
Ás the homograft sloughed, autografts were 
applied. In many instances, this was truly 
a lifesaving procedure. Thus, the principle 
of a biological skin dressing became well 
established in extensive burns. 

In the 1950s, a great search was made 
for other materials which included bovine 
embryo skin, amniotic membranes, pigskin, 
reconstituted collagen and Ivalon sponge. 
Amniotic membranes sloughed rapidly and 
Ivalon sponge frequently became infected. 
In the early 1960’s a number of burn sur- 
geons started using pigskin as biological 
dressings because it was difficult to obtain 
an adequate amount of skin from recently 
deceased bodies. By this time much had 
been learned about biological dressings. In- 
stead of leaving the allograft or xenograft 
in place for 3 or 4 weeks, the skin was truly 
used as a dressing to cover the wound and 
changed about every 3 days.® There is not 
a firm binding between the granulating 
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wound of the patient and the pigskin but 
there is diminution in the growth of bac- 
teria and essentially closure of the wound 
to prevent loss of proteins and fluids. An 
excellent study on pigskin as a temporary 
biological dressing was reported by Brom- 
berg, Song and Mohn from the Downstate 
Medical Center in New York in 1965. 


Effects of Biological Dressings 


A biological dressing is used primarily 
to cover a wound until it heals or is ready 
for grafting. Currently the major use of bio- 
logical dressings in burns is to prepare the 
recipient site for grafting. Recipient sites 
may be contaminated with large numbers of 
bacteria and may have some dead tissue re- 
maining so that they are not ready for graft- 
ing. The best way to clean up such a site 
and prepare it for autografting is by use of 
biological dressings which are changed 
about every 2 to 3 days. Biological dress- 
ings also prevent the loss of water and pro- 
tein from the wound. Unlike an absorptive 
dressing, the biological skin dressing seals 
the wound and inhibits the loss of vital 
fluids. In addition, biological dressings have 
been found to decrease pain in open wounds, 
to permit increased mobility of the area, 
and to decrease bacterial growth on the 
wound surface. Biological dressings also en- 
hance the growth of epithelium. It is diffi- 
cult to understand and somewhat difficult 
to prove this empiric observation. 


Comparison of Allografts and Xenografts 
as Biological Dressings 


Various observers have attempted to com- 
pare the use of allografts and xenografts as 
temporary skin covering. Apparently there 
is little difference in the effects of the two 
procedures to clean a granulating area, 
prevent water and protein losses, decrease 
pain, decrease bacterial counts or enhance 
the growth of epithelium. In some difficult 
burn wounds when autografts are unavail- 
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able, in a well prepared recipient site, a 
100% take could be achieved. By use of 
allografts it is possible to judge the readi- 
ness of the area for grafting. This is not true 
with xenografts. In addition, allografts may 
be used for longer periods of time. The 
allograft actually takes temporarily. Thus, 
allogratts may be used to cover large 
wounds for a period of several weeks or 
even months which is not possible with 
xenogrefts. It must be pointed out, how- 
ever, that rarely are biological dressings 
used in this manner today. Usually the skin 
is placed over the area and changed every 
1 to 3 days rather than allowed to remain in 
place for a long period. Allografts and xeno- 
grafts are changed every few days to pre- 
vent the formation of a bond between the 
graft and the recipient site. If an attempt 
is made to pull the graft away, pain and 
bleeding will occur. If the graft is left in 
place for a long time it will reject after a 
few weeks and cause excess scarring. This 
prolongs the period before definitive auto- 
grafting can be accomplished. 

Xenografts are more readily available, 
which is an extremely important factor, and 
they require less time and effort. They can 
be purchased from a commercial skin bank 
or can be obtained locally with very little 
difficulty. Used in the manner described 
above, porcine xenografts have shown no 
immunological properties. 


Use of Biological Dressings 

Biological dressings are primarily used in 
large burns and other wounds to prepare 
the recipient site for grafting. The xenograft 
is placed carefully over the wound without 
wrinkles and trimmed to fit the raw area. 
It is applied with the same amount of care 
and precision as a skin graft. The xenograft 
is allowed to remain in place from 1 to 3 
days. Usually, if the wound is large and 
very dirty, the patient is placed in a Hub- 
bard tank every day or two. The xenograft 
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comes off and a new one is applied after 
the patient comes out of the tank. As the 
appearance of the wound improves this is 
done every third or fourth day. Xenograft- 
ing minimizes bacterial growth, protects 
the wound against major protein, fluid and 
electrolyte losses and with the Hubbard 
tank cleansing, serves as a superior method 
of wound care. 

Any method that will keep the area of 
second-degree burns free from infection 
and comfortable is a good one. The use of 
xenografts on second-degree burn wounds 
is very advantageous. Xenografts decrease 
pain, keep the area free from infection and 
increase mobility. 

Biological skin dressings are of value in 
cleaning leg ulcers, decubitus ulcers and 
many types of infected wounds. The time 
of change of the dressing depends upon the 
status of the wound. Dirty wounds should 
be soaked and the dressings changed every 
day or two. In other wounds, the biological 
dressing may be left in place for 3 to 4 days. 

Mesh grafting is frequently used in burn 
wound coverage. Pigskin has been used 
over the mesh to protect the autograft. This 
method appears to be more preferable to 
some surgeons than other procedures. 

In many instances it is possible to cover 
only part of an extensive burn wound with 
autografts. Thus a large uncovered area 
remains. Biological dressings such as pig- 
skin can be used over this area to close the 
wound until autografts become available. 

Pigskin can be used on donor sites. It is 
doubtful that this method of treating donor 
sites is comparable to the use of simple dry 
fine-mesh gauze. Further investigation in 
this area is needed. Certainly donor sites 
are very comfortable when treated with pig- 
skin. Observations on the outcome of xeno- 
grafts and ultimate scarring must be made 
before this treatment can be recommended. 

The most important clinical application 
of xenografts is to clean large open wounds, 
provide temporary cover to prevent the 


growth of bacteria and loss of protein and 
fluids until autografting can be accom- 
plished. 


Summary 


The use of biological dressings for various 
types of wounds has evolved over the years. 
Initially, allografts were used but recently 
porcine xenografts have become more com- 
mon because they are readily procurable 
and inexpensive. Biological dressings are 
used for the following purposes: 


1. Clean up granulating areas 

2. Protect open wounds from water and 
protein losses 

. Decrease pain 

. Increase mobility 

. Decrease bacterial counts 

. Probably enhance the growth of 
epithelium | 


o> Ct Go 


Porcine xenografts are of value in the 
following instances: | 


l. Preparation of recipient sites for 
grafting 

2. Treatment of leg ulcers and decubitus 
ulcers 

. Second-degree burns 

. Ás cover for mesh grafts 

. Protection of large open wounds until 
autografts are available 


Ot P C 
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DISCUSSION 


Dr. Conin G. Tuomas, Jn. (Chapel Hill): We 
have one other indication for the application of 
either an allograft or perhaps a porcine xenograft. 
(Slide) This is a child with gastroschisis, in whom 
we attempted to correct the abdominal wall de- 
fect with musculoskeletal and skin flaps. As you 
will see in the next slide, we failed to accomplish 
complete coverage (slide). At the suggestion of 
one of our chief residents, Dr. Joey Carter, we 
covered a portion of the exposed intestine with 
approximately 100 sq. cm. of this sac-like skin 
allograft. 

These grafts were left on a little longer than 
Dr. Artz would recommend; namely, 2 weeks. 
(Slide) During this interval there was develop- 
ment of underlying granulation tissue. Removal of 
the graft at this time permitted secondary closure 
as you can see in the final slide (slide). The 
patient at all times had a healed wound without 
the hazard of sepsis that might accompany the 
use of a temporary prosthesis for containment of 


abdominal viscera. 


Dr. Max S. Rirrensurny (Closing): In addi- 
tion to those uses that were demonstrated in the 


ARTZ, RITTENBURY AND YARBROUGH 


m TL 
presentation here, I think that our surgeons are 
very interested in using the material for non- 
thermal wounds and our pediatric surgeons partic- 
ularly use this for the coverage of any wound 
which is denuded of surface. 

Probably its most important effect is a de- 
crease in the evaporative loss of water and a saving 
of protein loss through the burn surface, and one 
of the most exciting things that we are now be- 
coming involved in is a study of any potential 
change in their caloric expenditure. Dr. Gilbert 
Bradham of our institution has built and is now 
just beginning to utilize a total body calorimeter. 
We have just had an opportunity to study our 
first patient in this sequentially from the time 
of his injury to the time of his final grafting and 
discharga. | 

I think that the data obtained by this direct 
measure of caloric expenditure show a very strik- 
ing effect of the xenograft; a shift from the 
evaporat:ve to the increased radiant loss of calories; 
and, of course, probably of major importance 
was the finding that the total caloric expendi- 
ture, wss decreased in this one patient. One 
patient does not make a series, however, and these 
studies are continuing. 


Thyroidectomy for Hyperthyroidism 


Joan L. Sawyers, M.D., CHartes E. Martin, M.D., Benjamin F. Bym, JR., M.D., 
Lovis ROSENFELD, M.D. 


From the Department of Surgery, Vanderbilt University School of Medicine and 
Surgical Services of Nashville Metropolitan General, St. Thomas, and 
Vanderbilt University Hospitals, Nashville, Tennessee 


THE ROLE of subtotal thyroidectomy in 
the treatment of hyperthyroidism has been 
subjected to considerable debate since the 
introduction of radioactive iodine and 
antithyroid drugs.^*5 From 1895 when 
Kocher advocated thyroidectomy for hyper- 
thyroidism until the discovery of radioac- 
tive iodine therapy in 1942, operation was 
the single effective method of treatment. 
The discovery of the antithyroid effects of 
thiouracil derivatives provided a third ef- 
fective mode of treatment. Antithyroid 
drugs are usually successful in effecting an 
euthyroid state, but only after several weeks 
of therapy. When these drugs are discon- 
tinued, hyperthyroidism frequently recurs. 
Skin reactions and blood dyscrasias have 
been reported. Radioactive iodine (??!]), 
however, provides an effective method of 
abolishing the hyperthyroid state. 

The therapeutic goal of both surgeon and 
internist is to achieve and maintain an 
euthyroid state. It may take weeks or 
months to control hyperthyroidism by +I. 
The major disadvantage of 1I is the fre- 
quent occurrence of hypothyroidism, not 
only early post-treatment but also progres- 
sively with each successive year.* * Because 
the onset of hypothyroidism after +I treat. 
ment may be slow and insidious, many pa- 
tients suffering from hypothyroidism are not 
detected and treated. Fear of late carcino- 
genesis from 1I continues to be unfounded, 
but use of 1I in children is not advocated. 


Presented at the Southern Surgical Ássociation 
Meeting held at Hot Springs, Virginia, December 
6-8, 1971. 
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Thyroidectomy achieves the goal of euthy- 
roidism quicker than antithyroid drugs or 
radioactive iodine, but the necessity of an 
operative procedure in the hospital weighs 
against surgical treatment. The advocates 
of non-operative therapy point to the com- 
plications of thyrotoxic storm, recurrent hy- 
perthyroidism, and hypothyroidism as well 
as those complications related to local sur- 
gical injury, recurrent laryngeal nerve palsy, 
hypoparathyroidism, hematoma and infec- 
tion. When comparing modes of therapy it 
is important to realize the relative incidence 
of these complications. Therapeutic failure 
and occurrence of hypothyroidism are less 
frequent following thyroidectomy than with 
the other forms of therapy.' Since the use 
of Lugol’s iodine solution in 1921 and more 
recently antithyroid drugs, thyrotoxic storm 
is rare. Refinement of the operative technic 
to include adequate exposure of the gland 
and meticulous identification of the recur- 
rent laryngeal nerve has been credited with 
decreasing the incidence of recurrent laryn- 
geal nerve injury.? Hypoparathyroidism has 
been reported to be less frequent now than 
previously reported.? The results of surgical 
therapy may be better and the complica- 
tions fewer, than presented in earlier re- 
ports.*° 

This review has been made to evaluate 
the results of surgical therapy and to ana- 
lyze the complications of subtotal thyroid- 
ectomy for hyperthyroidism during an era 
in which current preoperative preparation 
and modern surgical technics were utilized 
(1960-69). 
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40 


35 


NUMBER OF CASES 


|960 6! 62 63 64 65 66 67 68 69 


YEARS 


Fic. 1, The number of subtotal thyroidectomies 
performed for hyperthyroidism has been gradually 
decreasing during the past decade. 


Clinical Material 


A critical review of patients seen in the 
Vanderbilt University Hospital, Metropol- 
itan General Hospital and St. Thomas Hos- 
pital revealed that 254 patients with hy- 
perthyroidism were treated by subtotal 
thyroidectomy from 1960 through 1969. 
Clinical and laboratory evidence of hyper- 
thyroidism were present in all patients al- 
though most patients had been rendered 
euthyroid by antithyroid drugs prior to hos- 
pitalization. No patients, were included 
who had had previous thyroid surgery or 
131], Many patients had been followed for 
some time on antithyroid drugs before op- 
eration was advised. The pathological sec- 
tions were reviewed in all cases. 

Follow-up studies spanning the 10-year 
period (1960-69) were done for all pa- 
tients. Jt was possible to obtain an average 
6.7 year follow-up on 190 of the 254 pa- 
tients (75% ). Presenting signs, symptoms, 
laboratory studies, operative technic, patho- 
logic data and early complications are pre- 
sented for the entire group of 254 patients. 
Data regarding long-term complications of 
recurrent hyperthyroidism and hypothyroid- 
ism are presented for the 190 patients who 
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were available for follow-up Wen averag- 
ing 6.7 years. 

Of 217 women and 37 men, 25 were black 
women and one patient was a black man. 
The age range at the time of operation was 
from 11 to 75 years with a majority of pa- 
tients in the 21 to 40-year-old age group. 
Figure 1 shows the number of operations 
performed each year and indicates a trend 
for decreasing utilization of thyroidectomy 
for hyperthyroidism. 

Only seven patients had no palpable thy- 
roid enlargement. The thyroid glands in 20 
patients were nodular, and the other pa- 
tients had diffuse thyroid enlargement. 
Eighty-one patients had notable eye signs 
preoperatively. In an undetermined number 
the exopthalmus regressed after antithyroid 
therapy prior to initial hospitalization. The 
usual symptoms included  tachycardia, 
weight loss, nervousness, tremor, fatigabil- 
ity, menstrual irregularities, and heat in- 
tolerance. Most patients had many or all of 
these symptoms, but a few patients had 
only two such symptoms. Protein-bound 
iodine determinations (available after ther- 
apy in many instances) ranged from 6 to 29 
with an average of 15 »g./100 ml. A basic 
metabolic rate was not routinely done in 
recent years. RAI uptake studies ranged 
from 36 to 75 per cent. A sufficient number 
of newer thyroid function tests (T and T4) 
were not obtained in this series to warrant 
inclusion. 


Preoperative Medical Regimen 


Prior to operation patients were treated 
for a variable period of time (2 weeks to 
8 years) with a variety of regimens as listed 
in Table 1. Propylthiouracil was used in 29 
per cent. Tapazole was used in 36 per cent. 
Seven per cent had courses of propylthiou- 
racil and Tapazole because of a sensitivity 
to. one or the other drug. All these patients 


received iodine for 1 to 8 weeks preceding 
thyroidectomy. Nineteen per cent of pa- 


tients were prepared for operation by 2 to 
4 weeks of iodine without antithyroid drugs, 
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but frequently with sedative, usually pheno- 
barbitol or chlordiazepoxide hydrochloride 
(Librium). Nine per cent of the patients 
had no preoperative medical treatment. Al- 
though one young patient was on antithy- 
roid drugs intermittently for 8 years, the 
usual course of therapy lasted only a few 
months; especially when the initial plan 
was surgical therapy after obtaining euthy- 
roidism. All but 14 of the patients had 
achieved a euthyroid state by the time of 
their operation. 


Operative Procedure 


General anesthesia was used in all but 27 
patients who had thyroidectomy performed 
under local anesthesia. All patients had bi- 
lateral subtotal thyroidectomies with a small 
remnant of thyroid tissue left on one or 
both sides of the trachea. The exact amount 
of tissue left was difficult to quantitate and 
was described variously as “five grams,” 
“five per cent,” “a small strip,” or “one 
eighth.” In 74 patients the recurrent laryn- 
geal nerves were carefully identified. The 
“intracapsular” technic was used in the 
other patients with “a small strip of tissue 
left in the tracheoesophageal groove for pro- 
tection of the recurrent laryngeal nerves.” 
Forty per cent of the operations were done 
by two surgeons each of whom had a 
reputation for being a specialist in thyroid 
surgery. The remaining operations were 
done by residents or surgeons doing fewer 
than 10 thyroidectomies each in this series. 


Pathology 


The average weight of the thyroid tissue 
removed at operation was 57 Gm. The histo- 
logic diagnoses were diffuse hyperplasia in 
62% and nodular hyperplasia in 38%. 
There was evidence of involution in 80%. 
Six of the excised thyroid glands also con- 
tained a follicular adenoma. Three glands 
showed changes of chronic thyroiditis. Two 
of three patients had taken antithyroid 
drugs for more than 4 years. In one pa- 
tient a previously unsuspected parathyroid 


TABLE 1. Preoperative Treatment 


Per Cent 
Propylthiouracil and iodine 29 
Tapazole and iodine 36 
PTU and Tapazole and iodine 7 
Todine alone 19 


None 9 


adenoma was removed. Sixteen patients had 
single parathyroid glands excised with the 
thyroid gland, and each of two patients had 
three parathyroids excised. One of these 
patients has permanent hypoparathyroid- 
ism. Five of the 16 patients who had single 
parathyroids excised were given at least 
one dose of calcium for clinical or chemical 
evidence of hypoparathyroidism. One pa- 
tient still requires oral calcium. A single 
parathyroid was removed in one of the pa- 
tients with histologic evidence of chronic 
thyroiditis. It could not be ascertained from 
reviewing the operative notes whether the 
operations in these patients were technically 
more difficult or whether there were more 
complications as had been implied by 
others.?: 8 


Complications 


There were no deaths in the series. Mor- 
bidity consisted of minor wound problems 
in five patients who had minimal accumula- 
tions of serum or blood in the wound which 
was drained on the ward and which did 
not prolong wound healing or hospital stay. 
Two patients were returned to the operat- 
ing room the night following thyroidectomy 
for drainage of hematoma. One patient had 
a temporary tracheostomy (Table 2). 


TABLE 2. Immediate Complications 


No. Patients 


Deaths 0 
Thyrotoxic storm 0 
Wound, minor 5 
Wound hematoma 2 
Temporary trackeostomy 1 
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TABLE 3. Voice Changes 











Patients 
No change 230 
Less 72 hr. 13 
Less 2 wk. 1 
Six months 1 (0.4%) 
Hypoparathyroidism 
Transient 
In hospital 16 
After discharge 7 
Permanent 
Daily calcium 3 T 
Occasional calcium 2 [1-970 
28 


There were no cases of overt thyroid 
crisis or storm in the perioperative period. 
One patient had previously had an episode 
of thyrotoxic storm after an appendectomy 
at another hospital Another patient had 
had storm 2 years previously at another 
hospital during an abandoned attempt at 
excision of a thyroid nodule. This patient 
was still toxic at the time of the subtotal 
thyroidectomy. She was restless and the 
temperature rose to 39.4? C. the day after 
operation. Tapazole and one injection of 
Solucortef stopped the symptoms in a few 
hours. One patient, also though to be toxic 
at the time of operation, developed tachy- 
cardia to 180 during operation. This sub- 
sided spontaneously, but she required seda- 
tion for restlessness for one day. One other 
patient was "nervous" with a tachycardia 
of 115 in the recovery room and was given 
phenobarbitol for one day. 

No recurrent laryngeal nerve was noted 
by the surgeons to have been injured. Thir- 
teen patients complained of some voice 
change lasting less than 72 hours. One pa- 
tient was hoarse for 2 weeks but indirect 
laryngoscopy on two occasions showed 
equal cord movement. One other patient 
had persistent hoarseness following opera- 
tion for 6 months. Initial examination of 
his vocal cord showed limited motion, but 
5 years after operation the patient has no 
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hoarseness but some minor Joss in range of 
voice volume (Table 3). 

Twenty-eight patients received calcium 
supplement in the hospital postoperatively 
because of clinical and/or chemical evi- 
dence of hypocalcemia. This includes six 
patients who had no symptoms but serum 
ca‘cium levels of 6 to 7.5 mg./100 ml. Of 
these 28 patients only 12 were discharged 
from the hospital on calcium and vitamin 
D. Subsequent follow-up reveals that only 
five patients continue to take medication, 
and two of these patients take calcium only 
irregularly. None of these patients have 
been management problems. No patient has 
had subsequent hospitalizations because of 
hypoparathyroidism. No instance of hypo- 
parathyroidism occurred after discharge 
from the hospital. The incidence of hypo- 
parathyroidism after subtotal thyroidec- 
tomy for hyperthyroidism was 1.9% in this 
series. Excluding the two patients who take 
calciurn only irregularly and who have 
questionable replacement requirements, the 
incidence is 1.295 (Table 3). 

These 28 patients were carefully re- 
viewed for possible common denominating 
factors. Only two of the 28 patients and 
none of the five patients with persistent 
hypoparathyroidism were operated upon 
by resident staff. Ten of the 28 patients 
(3626), including two of the five with per- 
marent parathyroid deficits, were operated 
upon by the most experienced thyroidec- 
tomist who performed 82 (3246) of the op- 
erations in the 254 patients. Four of these 
28 patients had single parathyroid glands 
submitted with the pathologic specimen. 
Two patients had three parathyroid glands 
found in the excised specimen. One of the 
patients who had one parathyroid excised 
and one patient who had three parathy- 
roids excised still require calcium and vita- 
min D. While only 10.5% of the patients 
were operated upon under local anesthesia, 
six (214%) of the 28 patients with evi- 
dence of hypoparathyroidism had local an- 
esthesia. 
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Late Results 

Eight patients have developed recurrent 
hyperthyroidism following thyroidectomy. 
Based on the 190 patients available for 
long-term follow-up the incidence is 4.2%. 
The earliest recurrence was at 6 months; 
the latest at 6 years. The average time after 
operation when recurrence was noted was 
2.9 years. In five patients who were given 
"IL an euthyroid state recurred in four. 
One patient became hypothyroid after !*T, 
Three of the eight patients are taking anti- 
thyroid drugs at the present time. There 
was no difference in the amount of thyroid 
tissue left in the neck after thyroidectomy 
in these patients who developed postopera- 
tive hyperthyroidism. Each operation was 
performed by a different surgeon. 

Twelve patients have developed nodules 
in the remnant of thyroid tissue. The inci- 
dence of nodules, based on 190 patients 
studied an average of 6.7 years, is 6.3%. 
Only one of these patients had received 
thyroid postoperatively prior to discovery 
of the nodule. The nodules were found an 
average of 3 years after operation. Two 
nodules have been excised. Both speci- 
mens showed fibrosis and hyperplastic thy- 
roid. 

The incidence of hypothyroidism postop- 
eratively has been difficult to determine 
accurately because many patients were 
given thyroid replacement routinely after 
operation, perhaps as prophylaxis against 
nodules. Other patients were given thyroid 
for minimal symptoms without laboratory 
confirmation of hypothyroidism. 

Eighty-three of the 190 patients with 
long-term follow-up were taking thyroid 
supplement. Forty-one had been given thy- 
roid immediately after operation. Five re- 
ceived thyroid because a nodule developed. 
Four other patients were given thyroid be- 
cause of some symptom which suggested 
hypothyroidism (hair loss, weight gain, fa- 
tigue, depression). Twenty-seven patients 
received thyroid supplement at varying 
times following operation for unknown rea- 


sons, but without documented hypothy- 
roidism. 

Only six of the 83 patients on thyroid 
supplement had documented hypothyroid- 
ism as an indication for thyroid replace- 
ment. Probably some of the patients who 
received replacement therapy without labo- 
ratory evidence of hypothyroidism were 
really hypothyroid. The "routine" postop- 
erative administration of thyroid supple- 
ment may have prevented clinical occur- 
rence of hypothyroidism. Therefore, it is 
suspected that more than six patients are 
hypothyroid, which would be only 3.196 of 
our long-term followed patients, although 
44% of the 190 patients have taken thyroid 
supplement. 


Discussion 


The role of thyroidectomy in the treat- 
ment of hyperthyroidism has been ques- 
tioned by the proponents of radioactive 
iodine and antithyroid drugs. A previous 
study by one of the authors (B. F. B.) 
compared the results of therapy in a se- 
ries of 400 patients. Antithyroid drugs 
were used in 100 patients, radioactive io- 
dine in 100, and thyroidectomy in 200. It 
was concluded from this report that sub- 
total thyroidectomy should be continued as 
the basic procedure of choice in the man- 
agement of the uncomplicated thyrotoxic 
patient. This study of thyroidectomy for 
hyperthyroidism during the decade of the 
sixties indicates that operation continues to 
have a significant place in the management 
of thyrotoxic patients. 

The patients included in this review were 
from the surgical services of two hospitals 
affiliated with a medical school and from a 
large community hospital. Operations were 
performed by residents, general surgeons 
and two surgeons with reputations in the 
community as "specializing in thyroid sur- 
gery.” The results, including complications, 
were not significantly different regardless 
of hospital or surgeon. This attests to the 
teaching ability of the two "thyroidec- 
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tomists” who helped train most of the resi- 
dents and other general surgeons. Our data 
indicate that the operation is safe. There 
was no mortality in this series, or in the 
previous study, which together span a 30- 
year period. 

There has been little morbidity from op- 
eration. Minor wound problems developed 
in five patients and evacuation of a hema- 
toma was necessary in two patients. No pa- 
tient required hospitalization beyond the 
fourth postoperative day. Recurrent laryn- 
geal nerve paralysis was not a significant 
problem except in one patient who re- 
mained hoarse for 6 months but now has 
only slight loss of voice volume. The inci- 
dence of prolonged voice impairment after 
operation was 0.4%. 

In this series, 29 per cent of the patients 
had identification of the recurrent laryngeal 
nerve at time of thyroidectomy while “in- 
tracapsular” dissection was used in the 
other patients. While each technic ap- 
peared to afford equal protection to the 
recurrent nerve, we prefer to identify the 
nerve and assure ourselves that it has not 
been damaged. The incidence of tempo- 
rary voice change is no higher following 
careful dissection to visualize the recurrent 
nerve. 

Hypoparathyroidism requiring prolonged 
replacement therapy occurred in 1.996 of 
patients, but two of the five patients on 
calcium and vitamin D take their medica- 
tions only sporadically and their require- 
ment for these medications is questionable. 
In recent years since routine use of the 
SMA 12 screen, the number of patients un- 
dergoing neck exploration for parathyroid 
tumors has greatly increased. Our surgical 
staff is gaining increased experience in 
identification of the parathyroid glands. A 
by-product may be improved technic in 
identification and preservation of the para- 
thyroids during thyroidectomy. 

The effectiveness of thyroidectomy in 
treating thyrotoxicosis is shown by the low 
recurrence rate of 4.2%. This compares fa- 
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vorably with the 3.3% rate of recurrent 
Graves’ disease reported by Beahrs from 
the Mayo Clinic Series? and the 7% re- 
ported from the University of Michigan 
Medical Center.?° For the few patients who 
develop recurrent thyrotoxicosis, radioac- 
tive iodine should be utilized and risk of 
hypothyroidism accepted because of the 
increased postoperative complications fol- 
lowing re-operation. 

The incidence of postoperative hypothy- 
roidisra could not be accurately determined 
from this review. Many patients were given 
thyroid supplement after operation on a 
routine basis and without valid reasons for 
this therapy. Recent studies by others re- 
port an incidence of postoperative myx- 
edema of 25 to 42.8%.” 1° In Olsen's report 
nearly all patients who developed hypo- 
thyroidism after operation did so within 2 
years. Insidious and untreated hypothy- 
roidism is unlikely to develop after opera- 
tion if patients are followed for 2 years.'? 
Patients treated with radioactive iodine, 
however, tend to develop hypothyroidism 
progressively over the years and require 
continual, careful follow-up for the occur- 
rence cf myxedema. 

This report supports the concept of con- 
tinuing the use of subtotal thyroidectomy 
in the management of hyperthyroidism. 
Operation is accompanied by an increas- 
ingly low rate of complications. This may 
reflect improved surgical care and technic 
during the past decade, but more likely 
is due to better preoperative preparation. 
The surgeon no longer needs to operate 
upon the thyrotoxic patient with the risk of 
storm and death. He need no longer op- 
erate upon the greatly enlarged, vascular, 
friable thyroid gland with its difficult 
exposure and accompanying hemorrhage 
which predisposes to recurrent laryngeal 
nerve injury and inadvertent parathyroid 
excision as well as hematoma formation and 
infection. When operation is chosen today 
for the patient with hyperthyroidism, the 
referring physician may reasonably assume 
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that he will have an euthyroid, well-pre- 
pared patient who can expect a short hos- 
pital stay, minimal discomfort, a rapid cure 
for the disease and a cosmetic improve- 
ment with minimal chance of complica- 
tions. 


Summary 


In an attempt to appraise the current role 
of subtotal thyroidectomy in the treatment 
of hyperthyroidism, a critical review has 
been made in 254 patients who were oper- 
ated upon in the past decade. The opera- 
tion was safe with no mortality and no 
overt thyrotoxic storms. Morbidity con- 
sisted of minor wound problems in five pa- 
tients and evacuation of a hematoma in 
two patients. Only one patient had persist- 
ent voice disturbance and this improved 
after 6 months. Persistent hypoparathyroid- 
ism occurred in 1.9% of patients. 

The incidence of hypothyroidism could 
not be accurately determined since many 
patients were given thyroid supplement 
routinely after operation. Recurrent hyper- 
thyroidism developed in 4.2% of the pa- 
tients. 

This study indicates that subtotal thy- 
roidectomy continues to be safe, effective, 
primary treatment for hyperthyroidism. 
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DISCUSSION 


Dr. Coum G. Tuomas, Jn. (Chapel Hill): 
I would like to compliment Dr. Sawyers and his 
coauthors for their presentation, as well as their 
very good results in the management of throtoxi- 
cosis by subtotal thyroidectomy. These results are 
representative of what can be achieved by ap- 
propriate preoperative preparation, insurance of a 
euthyroid state and careful performance of a 
subtotal thyroidectomy, 

Dr. Sawyers mentions in his manuscript, which 
I have had the opportunity to review, other means 
of therapy; namely, the use of radioactive iodide. 
All of us should realize that radioiodide has been 
in use now for more than 25 years. In a recent 
review by the Bureau of Radiologic Health of the 
United States Public Health Service of 35,000 
patients with thyrotoxicosis, 19,000 were treated 
by radioactive iodine and 11,000 by surgical 
thyroidectomy. There was no increased incidence 


of thyroid cancer in the patients who were treated 
with radioactive iodide; in fact, there may have 
been a decreased incidence—no leukemia, no hypo- 
parathyroidism and, of course, no recurrent nerve 
damage. Unknown is the possible genetic effect 
upon the ovary and the oocyte. The latter is the 
reason that most of us would prefer subtotal 
thyroidectomy in the female who is a potential 
mother. 

One other difference from surgical treatment, 
as Dr. Sawyers points out, is the relatively high 
incidence of hypothyroidism associated with the 
use of radioiodide. The probability increases with 
the time interval following treatment and there 
is a relationship to dosage. 

With the incidence of hypothyroidism being 
one of the chief differences between subtotal 
thyroidectomy and radioactive iodide, I think it is 
the responsibility of the surgeon to try to im- 
prove his results. In attempting to improve our 
own results we should be more precise about the 
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amount of thyroid tissue left behind. I suspect. 


that there is some quantitative relationship be- 
tween the amount of unresected thyroid gland and 
the subsequent status of the patient, whether he 
is euthyroid, hypothyroid, or develops recurrent 
disease. In Dr. Sawyers’ patients 44 per cent were 
on some form of thyroid therapy. Probably many of 
them did not require it. It should be our obliga- 
tion to follow these patients and identify those 
who are hypothyroid and place only those who 
need it on thyroid hormone. Otherwise, sub- 
total thyroidectomy has few advantages over 
radioactive iodide. 

There is one area in which operation clearly 
has well-defined advantages, that is in the patient 
who is pregnant. We have recently reviewed the 
experience at the Charlotte Memorial Hospital and 
the North Carolina Memorial Hospital in Chapel 
Hill. This slide (slide) depicts 28 patients who 
had thyrotoxicosis during pregnancy. Half were 
treated by subtotal thyroidectomy and half with 
antithyroid drugs. There is a higher incidence 
of fetal loss in those patients receiving only anti- 
thyroid drugs. These drugs cross the placenta and 
may produce hypothyroidism in the fetus, thereby 
interfering with normal central nervous system 
development as well as bone development. 

Surgically treated patients received antithyroid 
drugs for a shorter period of time. Furthermore, 
subtotal thyroidectomy is performed prior to the 
third trimester. As a consequence, during this 
period of greatest development of the fetal central 
nervous system, there is no exposure to the anti- 
thyroid drug. 

If one looks at the results of a collected series 
of patients treated by operation or antithyroid 
drugs (slide), again the incidence of fetal mor- 
tality and morbidity (the presence of a goiter, 
premature birth, hypothyroidism) is much higher 
in patients receiving antithyroid drugs than in 
patients who were properly prepared for opera- 
tion and underwent subtotal thyroidectomy. 

My question to the authors is: Have they had a 
comparable experience with the patient who is 
pregnant? What is their attitude toward the use 
of subtotal thyroidectomy in the pregnant patient 
with thyrotoxicosis? 


Dr. Oxtver Beaurs (Rochester): Dr. Sawyers 
and associates have again demonstrated that sur- 
gical thyroidectomy is effective and safe in the 
management of hyperthyroidism. 

(Slide) Our experience has been very similar 
to theirs, and has changed very little since the 
introduction of iodine in the preoperative prep- 
aration of patients with hyperthyroidism about 50 
years ago. 

Our most recent reported experience shows 
that there was no mortality in a series of 377 
patients operated on for hyperthyroidism. Per- 
manent tetany occurred in only one of 359 
patients in whom primary thyroidectomy was done. 
Permanent unilateral vocal cord paralysis occurred 
in three patients. two after primary thyroidectomy 
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(359 cases) and one after secondary thyroidectomy 
(18 cases). 

As noted, 42 per cent of the patients post- 
operatively were considered either candidates for 
development of myxedema or had developed 
myxedema (probably 10 per cent of cases). All 
of these patients were on thyroid replacement 
therapy. 

An attempt should be made to keep the re- 
currence rate of hyperthyroidism experienced with 
surgical thyroidectomy to a minimum. For the most 
part during this time only 1 to 2 Gm. of thyroid 
tissue was left on either side of the trachea. The 
recurrerce rate hyperthyroidism was 3 per cent 
during the follow-up period of 5 years or longer. 

This effort to reduce the recurrence rate has 
probably increased the incidence of myxedema 
or probable myxedema. There were no cases of 
thyroid storm postoperatively in our patients. 

We used iodine (Lugol’s solution, 10 gtts, t.i.d. 
for 7-1) days) solely in the preoperative prep- 
aration of the patient. The reason for this is that 
one of the distinct advantages of operation in the 
management of this condition is that it saves time 
for the patient, and time today becomes important. 
The use of iodine solely in the preparation of the 
patient means a week of preparation, 2, 3 or 4 
days in the hospital for the patient, and in 2 to 4 
weeks tne patient is back at work accepting his 
usual and normal activities. 

This short period of time when iodine rather 
than when an anti-drug thyroid is used in the 
preoperative preparation is distinctly to the ad- 
vantage of surgical therapy. Medical management 
of the condition takes a period of 1 to 6 months. 

Many physicians object to this method of 
management but during this period of time, as 
previously mentioned, we have had no incidence of 
thyroid storm at our institution. 

As far as tetany and cord paralysis are con- 
cerned, it is extremely important that the surgeon 
do his bast to keep these complications at a mini- 
mum. Nevertheless, your medical associates will 
always remember that one case with a complica- 
tion in a hundred or two hundred or three hundred. 

As far as the recurrent laryngeal nerve is con- 
cerned, and my associates do not all agree with 
me, I think that it is important to expose the 
nerve in all cases, because in doing so you can be 
absolutely certain that the nerve is protected and 
left intact. But not only that: It is a good teaching 
exercise for the residents and those on the surgical 
service with you. 

(Slide) Another advantage to operation is the 
fact that it removes incidental pathology that 
migh: be present; and as you note here, in seven 
cases in this group of patients, a papillary adenocar- 
cinoma was found to be present (incidence 296). 

I would like to ask the authors whether or not 
they documented the presence or absence of vocal 
cord paralysis by indirect laryngoscopic examina- 
tion since this is essential to have accurate statis- 
tics. Voice interpretation is not always an accurate 
reflection of cord function. Also, I would like to 
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ask their attitude toward iodine for preoperative 
- preparation of the patient since it does save time 
for the patient. 

Lastly, even though I am a surgeon and think 
as a surgeon, I am pessimistic regarding surgical 
thyroidectomy in the future in the management of 
hyperthyroidism. Surgery has one major disad- 
vantage; and that is, it is an operation. When the 
patient has some choice in the decision as to 
which way he is going to be treated, I think he 
will always accept the nonsurgical treatment con- 
sidering each modality equally effective. How- 
ever, there will remain specific indications for 
surgical thyroidectomy such as goiter in the 
pediatric patient or the pregnant patient. I would 
like to hear further comment from the authors on 
this aspect of the subject. 


Dr. A. HamMsiin Lerron (Atlanta): In my 
private practice we now have 1,758 people upon 
whom we have done thyroidectomy and we have 
been going through the statistics. We have had but 
one death. We now have operated on 193 toxic 
goiters. Our results, essentially, are the same as these 
gentlemen’s with the exception that our rate of 
recurrent hyperthyroidism is much lower, which 
I think is probably because we do a rather radical 
thyroidectomy and then postoperatively, we place 
our patients on some sort of replacement thyroid 
therapy for several years’ time, to give the pituitary 
a chance to cool off. 

One thing that has worried us for a number of 
years is that we have noticed a greater incidence of 
hypocalcemia among the toxic than the nontoxic 
goiters postoperatively. This lasts for 4 or 5 days, 
maybe a week, rarely 2 weeks at most. We have 
been very careful to identify and protect the 
nerves as well as the parathyroid bodies in all of 
these cases, and we have not really been able to 
understand why this increased hypocalcemia occurs 
in the toxic group. 

We started running SMA-12 profiles on these 
people preoperatively, and found that in this 
group that later developed hypocalcemia, we had 
an increase in alkaline phosphatase. We then be- 
gan theorizing that probably we were dealing with 
an increase in thyrocalcitonin preoperatively, realiz- 
ing that this was mobilizing calcium from the 
caleium storage areas preoperatively, and then 
postoperatively the calcium storage areas were 
pulling the calcium back out of the bloodstream, 
causing the hypocalcemia. 

With this thought in mind we started placing 
our patients on Calcium and Vitamin D for a 
period of time preoperatively, actually at the 
same time that we placed them on antithyroid 
drugs. This has reduced the amount of hypocal- 
cemia postoperatively. 

Unfortunately, we have not been able to mea- 
sure thyrocalcitonin until lately, but it looks like 
we indeed have an increase of thyracalcitonin in 
these people, so I believe our theories are probably 


correct. This has also been reported in the British 
literature. 

. I would like to ask the authors one question: 
If they have had difficulty in the control of the 
antithyroid drug. For one reason or another, we 
have had a few patients who can not or will not 
take the antithyroid drug, and we have been 
using Inderal in the preoperative preparation of 
the patient. It has worked very successfully. Have 
they had experience with this type preparation? 


Dr. Louis RosENFELD (Closing): Dr. Thomas 
has had a vast experience with these women who 
are both thyrotoxic and pregnant. We have not. 
Dr. F. T. Billings, an excellent internist on our 
staff, has written a paper on the management of 
thyrotoxic women who are pregnant. All of his 
patients received Propylthiouracil, but he uses 
about half the dosage, and he recommends keeping 
the PBI up to around 8 to 10. As mentioned by 
Dr. Thomas, Propylthiouracil] will go through the 
placental barrier, and if you knock them down 
too much, the baby will have a goiter. 

Dr. Beahrs is certainly correct as regards the 
question of time and expense. We have tried also 
to develop a safe operation, and remember the 
rather bitter comments of the medical students and 
house officers some 35 years ago when Dr. Parker 
was my senior house officer. The comment, in a 
rather high falsetto, was: "Who did your thyroid 
operation?.” But with a more careful operation, 
with good hemostasis and good exposure, identify- 
ing the recurrent laryngeal nerve and seeing its 
course, identifying the parathyroids when possible, 
the operation is one that can be done with safety. 

We do not always examine the vocal cords 
postoperatively, Dr. Beahrs. The anesthesiologists 
look at them occasionally when we are worried, 
but it is not a xoutine procedure. 

We use iodine in all of our patients. We do 
not prepare them as does Dr. Beahrs with just 
one week of iodine. We give Tapazole or Propyl 
for about 4 weeks and then add iodine for 2 
additional weeks before we operate. 

I think maybe I am a little optimistic. I be- 
lieve I see more patients undergoing operation 
in the last year or 2 than formerly. We see all 
the children after they have failed on Propyl. 
The young adults are tired of taking medicine, and 
they come, and most of the internists are willing, 
after a year or two, to send to us the women who 
are still potential mothers. So we see a fair number 
up to age 35 or 40, as the internists do not wish 
to use radioactive iodine on this group. 

I was very interested in Dr. Letton's com- 
ments. We have had no experience with increased 
thyrocaleitonin and the use of vitamin D and 
calcium preoperatively, nor have we experience 
with the use of Inderal. I appreciate his bringing 
this to our attention and we will perhaps find that 
we can benefit by his experience. 
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early postoperative period of adrenal in- 
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available for replacement therapy, interest 
in the surgical treatment became great. To- 
tal bilateral adrenalectomy was first per- 
formed at The New York Hospital more 
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mained the therapy of choice for the ma- 
jority of patients with Cushing’s disease.? 
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apy have been advocated which include 
subtotal adrenalectomy, unilateral adrenal- 
ectomy with and without x-ray therapy to 
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to the pituitary, yttrium implantation to the 
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hypophysectomy. All types of therapy have 
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universal acceptance of any. one.® 


Presented at the Southern Surgical Association 
Meeting held at Hot Springs, Virginia, December 
6-8, 1971. 

* Professor of Surgery Emeritus, Cornell Uni- 
versity Medical College. Consultant in Surgery, 
The New York Hospital. 

22% Clinical Associate Professor of Medicine, 
Cornell University Medical College. Associate At- 
tending Physician, The New York Hospital. 

99* Professor of Medicine, and Director, Di- 
vision of Endocrinology, Cornell University Medi- 
cal College. Attending Physician, The New York 
Hospital. 

T Associate Professor of Surgery, University of 
Connecticut. Director of Surgery, St. Francis Hos- 
pital, Hartford, Conn. 


048 


Although there has been considerable 
debate regarding the cause of Cushing’s 
disease the information gained from (1) 
ACTH radio-immunoassay, (2) dexametha- 
sone suppression tests and (3) the occur- 
rence of hyperpigmentation post-adrenal- 
ectomy strongly suggests that the hypo- 
thalamus and pituitary are of primary 
importance in its etiology. If Cushing's dis- 
ease is a disorder of the hypothalamic- 
pituitary tract, and we believe it is, the 
adrenal merely reacts to an over supply of 
ACTH. Hyperpigmentation frequently oc- 
curs in totally adrenalectomized patients. 
This is presumably related to continued 
abnormal hypothalamic-pituitary over ac- 
tivity. 

At The New York Hospital-Cornell Medi- 
cal Center over a period from 1950-1971, 
we have had the opportunity to study and 
treat 95 patients with Cushings syndrome. 

The patients with other aspects of Cush- 
ing's syndrome such as those with adrenal 
adenoma, adrenal carcinoma and the ec- 
topic ACTH syndrome, present far fewer 
therapeutic problems than the larger group 
with adrenal hyperplasia or hyperfunction 
which we classify as Cushing's disease. Sur- 
gical extirpation of the tumor, benign or 
malignant, will alleviate or cure the pa- 
tients symptoms in most instances. The 
group with extra-adrenal carcinomas pro- 
ducing ACTH usually can be treated only 
palliatively except in very rare instances. 

At The New York Hospital-Cornell Medi- 
cal Center, 42 patients with adrenal hyper- 
plasia were selected for total adrenalec- 
tomy. This report reviews and analyzes 
those patients with Cushing’s disease who 
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have undergone total adrenalectomy. The 
report will emphasize several aspects of the 
postoperative period. These aspects include 
the progression of cardiovascular disease 
and its accompanying complications involv- 
ing the heart, the great vessels, kidney 
and brain, the progression of hypothalamic- 
pituitary disease with hyperpigmentation 
and/or pituitary tumors, and the problem 
of adrenal insufficiency. 


Cushing's Disease and Hyperplasia 
of the Adrenal Cortex 


[In our series, 49 patients had cortical hy- 
perplasia without clinical evidence of pi- 
tuitary involvement. There were 44 fe- 
males and 5 males, with an age range from 
11 to 72 years, the mean age was 28. 

Forty-two of the 49 were operated upon 
for total bilateral adrenalectomy. The pro- 
cedure was done in one or two stages. Al- 
though complete removal of all adrenal tis- 
sue was attempted and attained in the opin- 
ion of the surgeon, two patients exhibited 
evidence of residual functional cortical sub- 
stance. 

Seven other patients were selected for 
total adrenalectomy but for various reasons 
only one adrenal was removed. Two of 
these later received radiation to the pitui- 
tary and five did not. One of these later un- 
derwent hypophysectomy because of en- 
largement of the pituitary. 

We believe that we failed in our objec- 
tive of attempted total adrenalectomy in 
two of the 42 patients. Residual adrenal 
tissue was strongly suggested by their clini- 
cal course. 


Case Reports 


Case 1. A 54-year-old woman with long-stand- 
ing and advanced Cushing's disease was operated 
upon for total removal of both adrenal glands. In 
the opinion of the surgeon this was accomplished. 
However, the symptoms persisted. Some hyperpig- 
mentation soon appeared and was progressive. Her 
clinical course after operation was almost unal- 
tered. The disease persisted and she died 3 vears 
after operation. In the absence of an autopsy we 
do not know if any adrenal tissue was present. 


TABLE 1. Cushing's Syndrome 








Hyperplasia 49 


Adenoma 21 
Carcinoma 10 
Extra-adrenal carcinoma | 
Pituitary involvement 8 

Total 05 











Fic. 1. Hyperpigmentation 4 years following 
total adrenalectomy. A 19-year old girl within ] 
year after total adrenalectomy developed hyper- 
pigmentation of the face and extensor surfaces of 
the extremities and hands. This has remained since 
its appearance. 
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TABLE 2. 49 Patients with Cushing's Disease Due to 
Hyper plasta—1950-197 1 


Attempted total adrenalectomy 42 
Unilateral adrenalectomy without radiation 5 
Unilateral adrenalectomy with radiation 2 


Total 49 


Case 2. A 54-year-old woman with advanced 
Cushing's disease had one adrenal gland removed 
in October of 1966 and the other was removed 15 
months later in January of 1968. The surgeon be- 
lieved all adrenal tissue had been excised. Her 
clinical course did not improve. One year later 
she received radiation to the pituitary without 
benefit. A hypophysectomy was done in 1971. Im- 
mediately the symptoms began to recede. She is 
now improving but has symptoms of cardiovascu- 
lar disease. 

There was one death in the early post- 
operative period due to a massive pulmo- 
nary embolus. Nine deaths have occurred 
at intervals of 3 months to 14 years after 
operation, 

Of the late deaths (9) seven were re- 
lated to cardiovascular disease, one to a 
malignant tumor of the pituitary 10 years 
after total adrenalectomy and one patient 
in whom death might be ascribed to ne- 
glect or failure to take substitution therapy. 
This occurred 14 years after adrenalectomy 
and we lack specific information that might 
prove or disprove that such was the case. 
One of the seven died 3 months after op- 
eration and is considered a therapeutic fail- 
ure with progressive cardiovascular dis- 
ease. 

All patients selected for total adrenalec- 
tomy have been in consultation and free 
discussions with those associated with their 
medical care in the community in which 
they live. The risks and disadvantages of 


TABLE 3. Two Failures in 42 Attempted Total 
Adrenalectomies—1950—1971 








Sex Age Clinical Course Survival 
|. F 54 Hyperpigmentation 3 years (dead) 
2. F 54 Hyperpigmentation 6 years (living 


Hypophysectomy and active) 
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TABLE 4. Results of Attempted Total Adrenalectomy in 
42 Patients—1950-197 1 





Deaths 10 
Postoperative (1) 
Late (9) 

Living and well (up to 20-year follow-up) 29 

Lost to follow-up 3 
Total 42 


having to have replacement therapy for the 
remainder of their lives is emphasized as 
well as improvement in prognosis afforded 
by total adrenalectomy. They are instructed 
in the administration of: 


Cortisone 
Florinef * 


25-37.5 mg. | 
0.1 mg. oral, daily 


Factors that influence the utilization of 
these and the manifestations of inadequate 
dosage are repeatedly dwelt upon with the 
patient. 


* Fludrocortisone acetate. 


TABLE 5. 10 Deaths Following Attempted Total 
Adrenalectomy, 1950-1971 


Time from 
Cause of Death Age Operation 
Postoperative (1) 
1. Embolus, pulmonary 66 
Late (9) 
1. ? Neglect of sub- 
stitution therapy 40 14 years 
2. Hypertensive C-V 
disease 46 13 years 
3. Pituitary tumor 22 10 years 
4. Hypertension, cardio- 
vascular disease 47 9 years 
5. Embolus, massive 31 5 years, 
pulmonary 4 months 
6. Hypertensive C-V 57 3 years, 
disease 3 months 
7. Hypertensive C-V 38 1 year, 
disease—CVA 3 months 
8. Hypertensive C-V 
disease-CVA 72 4 months 
9. Cause undetermined 33 3 months 
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TABLE 6. Follow-U p in 42 Patients Undergoing Attem pied 
Total Adrenalectomy—1950—1971 


Time No. of Patients 

15-20 years 11 
10-14 years 10 
5-9 years 9 
1-4 years 4 
Under 1 year à 
Dead within 1 year 2 
Postoperative death l 
Lost to follow-up 3 
Total 42 








The quality of life following total ad- 
renalectomy and the daily self medication 
for replacement has been far better than 
we had anticipated. The longest follow-up 
is 20 years; the patient has married but had 
no children. Four women have been preg- 
nant, two of whom had two pregnancies, 
resulting in six living infants amongst this 
group of patients. 

Six patients have undergone major sur- 
gical procedures without difficulty. 

Hyperpigmentation has been much more 
frequent after total adrenalectomy in our 
experience than has been reported by 
others. 


Discussion 


The emphasis in this review has been on 
patients who have had total adrenalectomy 
for Cushing's disease. The risk and burden 
the operation imposes has been evaluated 
in terms of morbidity and mortality. The 
parameters of well being, the control and 
regression of the disease have been de- 
scribed in parallel to continuation of symp- 
toms and sequelae of those not operated 
upon. That only one death occurred in the 
early postoperative period amongst 42 pa- 


TABLE 7. Pregnancies Following Attempted Total 
Adrenalectom y— 1950-197 1 


No. of Women No. of Pregnancies 





+ 6 


TABLE 8. Major Surgical Procedures Following Total 
Adrenalectomy 1950-1971 











No. of 

Operation Patients 
Amputation, leg 2 
Cholecystectomy 1 
Gastrectomy 1 
Mastectomy 1 
Open reduction for fractured hip ] 
Total 6 





tients in whom total adrenalectomy was at- 
tempted is significant, particularly in view 
of the patients age of 66 and with an ad- 
vanced Cushing's disease of long-standing. 

Patients with untreated Cushing's syn- 
drome suffer progressive damage to the 
cardiovascular system, that in our experi- 
ence is the most life threatening component 
of hypercortisolemia. Particularly disturb- 
ing is the evidence presented here that even 
among those patients effectively treated 
with bilateral adrenalectomy there persists 
a propensity for vascular disease. Pre-exist- 
ing hypertension which often was ade- 
quately improved by surgery had been pres- 
ent in all patients who developed evidence 
of cardiovascular disease. Preoperative hy- 
pertension was noted in 34 patients. Of 
these, evaluation studies were feasible in 
28 patients. Twenty-one patients became 
normotensive postoperatively. 

The problems encountered were myocar- 
dial infarction, cerebrovascular accidents, 
pulmonary emboli, vascular insufficiency 
leading to amputation. The frequency of 
vascular complications suggests that prompt 
and effective therapy is of utmost impor- 
tance for patients with hvpercortisolemia. 


TABLE 9. 21 (50%) of 42 Patients Developed Hyper- 
pigmentation Following Attempted T otal 
Adrenalectomy— 1950-197 1 





Progressive after onset 6 
Persisted after onset without change 15 
Total 21 
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TABLE 10. H ypertension* in 42 Patients With Attempted 
Total Adrenalectomy—1950-197 1 


Preoperative hypertension 34 
Postoperative death 1 
Died within 1 year 2 
Too recent for evaluation 1 
Lost to follow-up 2 

Preoperative normal blood 
pressure 


oc 


Total 42 


* Greater than 140/90. 


The role of pathologic changes in the 
cardiovascular system of patients with 
Cushing’s syndrome has long been recog- 
nized as a basis for its serious life threaten- 
ing complication. Hypertension almost al- 
ways present, even in the very young, is 
dramatically reduced in Cushing’s disease 
by total adrenalectomy. The extent and de- 
gree of cardiovascular disease is sometimes 
difficult to evaluate. In most instances the 
longer the disease has been present the 
greater is the degree of vascular disease. 
Total adrenalectomy may slow or interrupt 
its progress but does not reverse the changes 
that have taken place. In the group who 
have survived, and there are 29, most are 
well and active. The longest follow-up is 20 
years. This patient is married but has no 
children. The remaining patients have been 
followed from 18 years to six months. De- 
velopment after operation in the younger 
patients has been normal. Schooling has not 
been a problem. Sexual maturity does not 
seem to have been impaired in either men 


TARLE 11. Complications Occurring Among 34 Patients 
Who Were Hypertensive Prior to Attempted 
Total Adrenalectomy—1950—197 1 





Complications No. of Patients 
Myocardial infarcts 
Death due to C-V disease 
CVA 

Pulmonary infarcts 
Sudden unexplained death 


— 
Gs. | — b3 b C Cn 


Total 
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or women. There have been six pregnancies 
with living infants in four women. Although 
the activities of these patients are commen- 
surate with other individuals of comparable 
age the routine of self administered oral 
replacement therapy must be emphasized 
from time to time to prevent complacency. 
As a group they do not complain. 

In this series there has been less morbid- 
ity and fewer deaths than in that reported 
by Welbourn and Montgomery. In this 
series, of 27 patients with Cushing's disease 
there were ten late deaths of which six 
were related to cardiovascular disease. 
Plotz, Knowlton and Ragan,? 20 years ago, 
demonstrated clearly the inexorable pro- 
gression of cardiovascular disease and early 
death in inadequately treated patients. 
Pituitary ablation as well as total adrenalec- 
tomy is followed with a decrease in blood 
pressure among those who are hypertensive. 

The frequent occurrence of hyperpigmen- 
tation in patients totally adrenalectomised 
provokes discussion of the relationship be- 
tween therapy and this particular sequela.’ 
* ^? Ts the hyperpigmentation a direct se- 
quela of bilateral adrenalectomy or is it the 
hyperpigmentation and occasional pituitary 
tumor part of Cushing's disease appearing 
in patients who are now surviving long 
enough to demonstrate this aspect of the 
disease? There are certain observations 
which lead us to believe that hyperpigmen- 
tation and pituitary enlargement are in- 
herent components of Cushings disease 
which are emphasized by the increased sur- 
vival of patients effectively treated with 
total adrenalectomy. It is recognized also 
that the reduced concentrations of plasma 
cortisol following operation and substitution 
therapy by physiological replacement of 
cortisol may to some extent lessen the de- 
gree of suppression of hypothalamic-pitui- 
tary function. However, persistence of the 
hvpercortisolemia does not in itself con- 
sistently and sufficiently suppress the hy- 
pothalamus-pituitary unit. It is for this rea- 
son that we may see some patients with 
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Cushing’s disease presenting initially with 
apparent pituitary tumors and/or hyper- 
pigmentation. In our series, six of 42 pa- 
tients developed progressive hyperpigmen- 
tation and two of these had had therapy 
directed at diminishing function of the 
pituitary. One patient underwent total hy- 
pophysectomy with complete regression of 
the hyperpigmentation. Another patient, 
now 7 months post-conventional radiation 
of the pituitary has not had a decrease of 
the hyperpigmentation. Fifteen additional 
patients have definite hyperpigmentation 
which has not progressed and represents 
no difficulty. 

The occurrence of pituitary tumors, if 
indeed enhanced by adrenalectomy would 
be a significant deterrent to this form of 
therapy. Of 42 patients, two or possibly 
three presented with evidence of pituitary 
tumor. Only one patient had had x-ray evi- 
dence of a change in the size of the sella 
turcica post-adrenalectomy. Five additional 
patients have had progressive hyperpig- 
mentation without evidence of an increase 
in the size of the sella turcica or visual field 
defects. 

A variety of medical and surgical condi- 
tions have been encountered in this group 
of patients in the period following adrenal- 
ectomy. Adrenal insufficiency most fre- 
quently accompanied transient gastrointes- 
tinal disturbances when the patient failed 
to follow advice regarding the need for 
additional cortisone, fluid and electrolyte 
replacement. In order to minimize this com- 
plication, patients are given printed cards 
with instructions for themselves and family 
and also special instructions for physicians. 
Additional medical as well as surgical prob- 
lems were not particularly unique for this 
diverse patient population. 


summary 


Total adrenalectomy was attempted in 42 
patients for Cushing's disease with hyper- 
plasia and/or hyperfunction of the cortical 


tissue. This was successful in 40. There was 
one operative fatality. Follow-up studies re- 
veal 29 are living and indulging in ordinary 
activity, nine have died from three months 
to 14 years after operation. Three were lost 
to follow-up. Hypertension present in 34 
patients before operation returned to nor- 
mal pressure range afterwards in 21. Car- 
diovascular disease seems to have been 
brought under control in many but not re- 
versed. Hyperpigmentation was observed 
after operation in 21 or 50 per cent. 

Substitution therapy so essential in totally 
adrenalectomized patients has been remark- 
ably satisfactory. On the basis of this experi- 
ence it is concluded that the results of total 
adrenalectomy for Cushing's disease is rela- 
tively predictable and definitive. It is ac- 
complished with a low morbidity and mor- 
tality. If done early it interrupts the progress 
of the disease. 
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DISCUSSION 


Dr. H. WirLrAM Scorr (Nashville): Let me 
emphasize something which I think all of you 
know; namely, that untreated Cushing’s syndrome 
is a potentially lethal disorder. In the past 18 
years at the Vanderbilt Medical Center there have 
been around 120 patients with Cushing’s syndrome 
who have been studied by Dr. Liddle and his 
associates in our Department of Medicine, exclud- 
ing patients who had Cushing’s due to medical 
treatment with steriods. Fifty-six per cent of the 
group had pituitary dependent hypercortisolism 
—so-called "Cushing's Disease"; 26 per cent had 
adrenal cortical tumors, and 18 per cent had the 
ectopic ACTH syndrome. 

A review of some slides of Dr. Liddle's and 
Orth's indicate the present attitude about the 
treatment of pituitary dependent Cushing's Disease. 

(Slide) This reviews the ideal objectives in 
treatment of Cushing's syndrome, to lower the 
daily cortisol secretion rate to normal; to eradicate 
a tumor, of course, if one is present; and to pro- 
duce no permanent endocrine deficiency if possible, 
and to avoid permanent dependency on medication. 

These are very high and noble ideals. They 
are difficult to obtain. 

(Slide) Dr. Liddle has had a different attitude 
in the last 10 or 12 years than some endocrinologists 
about the management of pituitary dependent 
Cushing's—and it is reflected in this slide. 
Fifty-one patients in whom the diagnosis of Cush- 
ings disease was made had pituitary irradiation, 
usually using Co*9, 4,000 to 5,000 rads in a month. 
Of this group ten were apparently cured, relieved 
of hypercortisolism; 13 were improved clinically, 
and had reductions in cortisol secretion but still 
had elevations above the normal range; and 21 
were unimproved. 

(Slide) This slide details data in only three 
patients who were submitted to direct assault on 
the hypophysis. Two individuals had hypophysec- 
tomy. One was unimproved, and one has been 
cured. One patient with a pituitary stalk section 
was unimproved and had a major problem with 
vision. 

(Slide) Eight patients with Cushing's Disease 
have been treated by use of ortho-p'-DDD, an 
agent which is used in an attempt to destroy 
selectively the functional activity of the adrenal 
cortex. Seven of these patients have been relieved 
of hypercortisolism over the last 1 to 4 years. 

There have been only 29 patients who have 
been submitted to adrenalectomy in this group 
of patients with Cushing's Disease. These repre- 
sent failures of the other methods of treatment, in 
general, or patients with severe florid manifesta- 
tions of Cushing's. Out of the group there have 
been 22 who have been cured; there was one 
postoperative death. Six patients who have had 
either unilateral or subtotal adrenalectomy stem 
from our earlier experience and have been im- 
proved, and have not yet been submitted to total 
adrenalectomy. 
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Dr. Glenn, there were no pituitary tumors in 
the group of patients who were treated first by 
pituitary irradiation, and then, because of failure 
of control of hypercortisolism, were submitted to 
total adrenalectomy. This is, I believe, a unique 
experience, because many other groups have re- 
ported a rather high incidence of pituitary tumors 
of clinical significance developing after total 
adrenalectomy for Cushing's Disease. 
I wondered what your experience has been? 


Dn. CuanLEs H. Warr, Jr. (Thomasville): I 
would like to present a case of Cushing’s Syn- 
drome with somewhat unusual features. This 
case appeared as an acute abdomen, with extreme 
abdominal distension, that almost forced us into 
operation the night of admission. She was a 4l- 
year-old women who had a 2 months’ history 
of hirsutism, moon face, dusky skin, hypertension 
and personality changes. She showed the typical 
picture of hyperadrenocorticism, the most striking 
evidence of which was a serum cortisol level of 55 
mcg./100 cc, and an extreme hypokalemic alkalosis, 
with concomitant hypocalcemia. An unusual fea- 
ture was that of a platelet count of 9,000. 

Another reason for presenting this case is to 
put in a plea for exploring the left adrenal gland 
through the gastrohepatic ligament, as described 
by Zintel, rather than the usual gastrocolic, if the 
anterior transverse approach is used. Through this 
avenue the gland is very easily exposed. It de- 
creases the chance of a complicating pancreatitis, 
which was the cause of death in several series, 
when the approach through the gastrocolic liga- 
ment was utilized, in an attempt to retract the 
unretractable pancreas. Of course, the posterior 
approach is a very popular one. 

(Slide) This shows the megacolon, simulating 
an acute abdominal condition. That is somebody 
else’s slide. 

Anyway, I will tell you about it. It shows a 
megacolon, probably an acquired megacolon due 
to a serum potassium level of 1.8 mEq./l, and a 
low calcium as well. There was also a decrease 
in transit time during a small bowel series. 

I will have to also tell you about the other 
slides, I suppose. This was a photomicrograph of 
an adenocarcinoma of the right adrenal gland. 

We had a pre- and postoperative picture, the 
latter being taken 5 months after operation. 

Her preoperative hypertension returned to 
normal, along with the size of her colon. Her 
physical appearance is now normal. The replace- 
ment therapy of Florinef and cortisone has been 
adequate. 

I would like to ask if anyone has seen a 
platelet count of 9,000 with Cushing's syndrome? 
A bone marrow study was normal for tumor cells. 
Postoperatively there is no thrombocytopenia. This 
patient is now approximately 6 months postop., and 
doing very well. 


Dr. Rogert M. Mies (Memphis): We would 
agree with Dr. Glenn that our experience for the 
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past 20 years bears out just what he says, and that 
is that total adrenalectomy in moderate to severe 
Cushing’s syndrome is certainly the treatment of 
choice as it stands now, but during these past 20 
years we have had to change our approaches 
to this disease in several areas. 

The first was switching from the subtotal to the 
total adrenalectomy. We never really had reason 
to regret using the subtotal procedure, but be- 
cause of the influence of people like Drs. Scott 
and Glenn, we did change and have gotten 
similarly good results with total adrenalectomy, 
although some of our patients developed pigmenta- 
tion, as did Dr. Glenn’s. 

Then in the diagnosis, although the more 
sophisticated chemical tests will differentiate bi- 
lateral hyperplasia from adrenocortical adenoma, 
we have found newer technics in selective angiog- 
raphy to be very helpful, too, not only in dif- 
ferentiating these conditions, but also in determin- 
ing which side the tumor is on. 

(Slide) This is the arterial phase of an adrenal 
arteriogram, and you can see a cortical adenoma 
here. 

(Slide) This is neither an adrenal tumor nor 
adrenal hyperplasia, but a large cyst on the 
rght adrenal You can see one of the adrenal 
arteries is stretched over the surface of the cyst. 

(Slide) This is the most recent one we have had 
with adrenocortical adenoma. This shows the 
tumor the left adrenal gland in the venous phase. 

(Slide) This is what we see with adrenal 
hyperplasia—elongation of the adrenal vessels. 

(Slide) The third area in which we have 
changed is that instead of the transabdominal 
approach, now we prefer the posterior approach 
routinely for Cushings due to adrenal hyper- 
plasia or to adrenocortical adenoma, unless it is 
unusually large. However, we still use the anterior 
approach, sometimes combined with thoracic ex- 
tension for carcinoma. 

This is the classical Young lumber approach 
through two incisions. We explore both glands, 
even in patients with adenoma. 

(Slide) This shows how easily one can expose 
these tumors. We are retracting the kidney down, 
and one can see a cortical adenoma. 


Dr. Henry Mauer, Jr. (Closing): When Dr. 
Glenn first began to talk to me about this, the 


thing I was interested in was what happened to 
these people post-op. as far as pregnancy, post- 
operative and cardiovascular problems. I think 
these have all been answered. I think we do not 
change their cardiovascular problems, but they 
can lead a good healthy life. 

The pigmentation surprised us. Dr. Peterson 
picked that up. This prevents some of the people 
from going out in the sun in the spring and sum- 
mer months. 

Dr. Scott's comments were very valid, and we 
have certainly followed his work with Dr. Liddle 
with great interest. We have not been as success- 
ful with x-ray therapy as they have been at 
Vanderbilt. We have used O-p-DDD only in pa- 
tients with carcinoma. Our results have been 
equivocal at best. 

We have had three patients who have de- 
veloped pituitary tumors post-total or subtotal 
adrenalectomy. I forget how that was brought out 
in the paper, but we have had these patients. 
Dr. Scott, at least one or two have had pituitary 
surgery. We have had a couple also who had 
pituitary operation and then subsequently had 
adrenal operation. 

As far as Dr. Watts case, we have had no 
serious thrombocytopenia. It is well known that 
these patients do bruise easily, and that first slide 
that Dr. Glenn showed was a patient with very 
marked bruisability, and she had somewhat re- 
duced platelets, but nothing like the extent of 
Dr. Watt's patient. 

Our approach, with regard to Dr. Watt's and 
Dr. Miles comments about approaches, is that 
we generally do a transperitoneal approach. I 
have had experience with the direct posterior ex- 
posure only once and found it to be rather dif- 
ficult. This was a patient with Cushing's Disease 
who was markedly obese, and this was one of 
the patients in whom we did not do a total 
adrenalectomy although we tried. 

As far as the left side approach to the adrenal 
in these fat people, we generally bring the 
spleen down by cutting the lienorenal ligament. 
It takes a little longer, but we have had very 
little difficulty in exposing it. We have gone 
through the gastrocolic mesentery through the 
lesser sac in the thinner patients, or the patients 
with pheochromocytoma or bilateral aldosterone, 
and these patients have done very well. 
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In 1927 Wilder ** and associates first dem- 
onstrated the relationship between symp- 
toms of hypoglycemia and beta cell islet tu- 
mors of the pancreas (insulinomas). In 1929 
Roscoe Graham * did the first curative re- 
moval of a functioning beta cell islet tu- 
mor. Since this time these relatively rare 
tumors have been diagnosed and success- 
fully removed with increasing frequency. 
Whipple ??/* in his lifetime accumulated a 
series of 30 such cases and from this experi- 
ence developed the diagnostic criteria 
known today as Whipples Triad which 
continues to be a sound basis for clinical 
diagnosis of insulinomas. Whipple’s Triad 
consists of (1) hypoglycemic attacks pre- 
cipitated by fasting or exertion, (2) fasting 
blood sugar concentrations below 50 mg./ 
100 ml. and (3) symptoms relieved by oral 
or intravenous administration of glucose. In 
a review of the literature published between 
1929 and 1958, Moss and Rhoads found 
766 cases of which only 93 were malignant. 
This report presents the experience which 
we have had in the last 20 years with beta 
cell tumors of the pancreas in the hospitals 
affiliated with Vanderbilt University, and to 
suggests current standards of diagnosis and 
treatment. 


Clinical Summaries 


During the last twenty years, fifteen pa- 
tients with the clinical manifestations of 
hypoglycemia have fulfilled the criteria of 
Whipple’s triad, have been diagnosed pre- 
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operatively as having hyperinsulinism due 
to islet cell tumor of the pancreas and have 
been submitted to surgical exploration of 
the pancreas. 


Case Reports 


Case 1, M. R., a 33-year-old woman, first en- 
tered Vanderbilt Hospital on October 16, 1952 
complaining of “blackout spells.” She had episodes 
of loss of consciousness which increased in fre- 
quency for 3 years. These episodes were preceded 
by profuse sweating, paresthesias and restlessness. 
She had learned to abort these attacks by eating 
sweets. There had been a 30-pound weight gain. 
On admission the fasting blood sugar was 32 mg./ 
100 ml. Glucose tolerance test showed a flat curve, 
and symptomatic hypoglycemia occurred with pro- 
longed fasting. The symptoms were relieved by 
glucose. Diagnosis was hyperinsulinism due to islet 
tumor. On 10/18/52 she underwent exploratory 
laparotomy. The abdominal viscera and pancreas 
were carefully examined and no adenoma could be 
found. Therefore, a distal pancreatectomy-splenec- 
tomy was performed. The cut edge of the remain- 
ing pancreas was oversewn and drained. Serial sec- 
tions and histologic examination of the specimen 
showed normal pancreas and no adenoma. Post- 
operatively there was evidence of persistent hypo- 
glycemia. Blood sugar drawn in the early recovery 
period while 5% dextrose was infused was 82 mg./ 
100 ml. Blood sugar on the fourth postoperative 
day when the glucose infusion was discontinued 
was 36 mg./100 ml. She was given cortisone, 75 
mg. per day, a high protein diet and discharged to 
the care of her physician. She refused to return for 
re-evaluation for the next 10 years. In the period 
from 1952 to 1963 she had multiple mild episodes 
of hypoglycemia. She also had two miscarriages 
prior to 6 months of gestation. After prolonged ef- 
forts, she finally agreed to be readmitted for re- 
evaluation in May, 1963. Physical examination was 
unchanged and no signs of Cushing's syndrome 
were present. While on steroid therapy, a glucose 
tolerance test, tolbutamide tolerance test, prolonged 
fasting with concomitant glucose and insulin assays 
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were all equivocal for hyperinsulinism. After sev- 
eral weeks of weaning from cortisone therapy, full 
blown hypoglycemic symptoms recurred and repeti- 
tion of prolonged fasting with glucose and insulin 
measurements were indicative of hyperinsulinism. 
It was elected to re-explore the pancreas. The head 
of the pancreas was exposed and a 15 mm. adenoma 
was palpated anteriorly near the cut edge of the 
head beneath its capsule. Incision into the normal 
pancreatic tissue for approximately 3 mm. exposed 
the surface of the adenoma which was enucleated 
and the area drained. Histologically, the lesion 
was a beta cell adenoma measuring 15 mm. in 
diameter. Blood sugar in the early recovery period 
was 286 mg./100 ml. On the second postoperative 
day the blood sugar was 321 mg./100 ml. By the 
fifth postoperative day the blood sugar had re- 
turned to normal and remained normal thereafter. 
She made a good recovery and was discharged on 
the tenth postoperative day in good condition. 

She has been followed to the present time and 
has done well. There has been no recurrence of 
hypoglycemia. She subsequently underwent radical 
mastectomy for breast cancer and has developed 
mild adult onset diabetes which is well controlled 
by diet alone. 

Case 2, H. B., a 54-year-old man, was referred 
to the Vanderbilt Hospital Emergency Service from 
Tennessee Central State Psychiatric Hospital on 
November 7, 1958. He had been comatose for 6 
hours prior to admission. He had multiple syncopal 
attacks, episodes of ataxia and weakness with psy- 
chotic behavior and personality changes for 3 years. 
During one of the syncopal attacks he had broken 
his left arm. In the emergency service he was given 
glucose intravenously and responded. Later in the 
day the blood sugar level was 30 mg./100 ml. with 
relatively normal consciousness. A prolonged fast 
was instituted and blood sugar concentrations were 
monitored; at 5 hours the blood sugar was 37 mg./ 
100 ml. A glucose tolerance test showed a flat 
curve. The conditions of Whipple's triad were ful- 
filled. Diagnosis was hyperinsulinism due to islet 
tumor of pancreas. On 11/14/58 he underwent ex- 
ploratory laparotomy. A small tumor of the pan- 
creatic tail, at its inferior margin 6 cm. from the 
splenic hilum, was removed by wedge resection 
and the area was drained. An additional small area 
of aberrant pancreas in the mid-jejunum was also 
excised. Histologically this was normal pancreas. 
The tumor was a beta cell adenoma 8 mm. in 
diameter. A blood sugar, drawn on the operating 
table immediately prior to excision of the ade- 
noma with a constant infusion of 5% dextrose, was 
125 mg./100 ml. In the recovery room approxi- 
mately 1 hour after excision of the adenoma with 
a similar infusion the blood sugar was 300 mg./100 
ml. The postoperative course was uncomplicated. 


Blood sugars reverted to normal by the fifth post- 
operative day. The drain was removed on the 
eighth postoperative day. A glucose tolerance test 
prior to discharge was normal. He was discharged 
on the eleventh postoperative day. 

However, he was readmitted 2 months later on 
January 16, 1959 with abdominal distention, epi- 
gastric and left upper quadrant pain and anorexia. 
Clinical diagnosis was peptic ulcer. On January 
17, he developed severe epigastric pain, went into 
shock and the hematocrit fell precipitously. Five 
units of blood were given with good response. 
There was no blood in the nasogastric aspirate 
and paracentesis was negative. Ten days later 
laparotomy was performed. Subacute hemorrhagic 
pancreatitis involving the pancreatic tail with early 
pseudocyst formation was found. The pancreatic 
area was drained and his condition improved tem- 
porarily. However, within 3 weeks he developed 
a recurrent episode of pancreatitis with severe epi- 
gastric pain, nausea and anorexia. A few hours later 
he developed a massive upper gastrointestinal hem- 
orrhage. He was immediately taken to the operat- 
ing room where as large pancreatic pseudocyst was 
found which had spontaneously ruptured into the 
stomach. Several sites of arterial bleeding within 
the pseudocyst were sutured transgastrically and 
the bleeding was controlled. On April 30, 1959, he 
underwent reoperation in which a resection of the 
body and tail of the pancreas, including remnants 
of the pseudocyst and the spleen, was performed. 
His postoperative course was stormy. One week 
later he required operative closure of a wound 
dehiscence. His condition steadily deteriorated and 
a terminal episode of gram negative sepsis was fol- 
lowed by irreversible cardiac arrest on May 9, 
1959. At autopsy he had left pleuro-peritoneal 
fistula and abscess, extensive purulent peritonitis 
and renal cell carcinoma of the right kidney. 

Case 3. L. M., a 68-year-old woman, was re- 
ferred to Vanderbilt Hospital in June, 1960 from 
a nearby sanitarium for evaluation of episodic men- 
tal confusion and coma. Fasting blood sugar deter- 
mination at the sanitarium had been 42 mg./100 
ml, There was an 8-year history of episodes of un- 
consciousness preceded by ataxia, slurred voice, 
slowed mentation and paresthesias. There was no 
serious illness in the past history. The family his- 
tory was negative for diabetes. The patient was a 
thin, chronically ill elderly woman. She had a very 
large, slightly mobile non-tender mass in the right 
lower quadrant and right flank. Upper gastrointes- 
tinal series with a small bowel follow-through con- 
firmed the presence of this mass. An intravenous 
pyelogram showed nonfunction of the right kidney. 
Glucose tolerance test revealed blood sugar to be 
37 mg./100 ml. at five hours. After a 6-hour fast 
blood sugar fell to 36 mg./100 ml. Preoperatively, 
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it was felt that this patient most likely had a large 
sarcoma which secreted an insulin-like substance. 
On 6/24/60 she underwent exploratory laparotomy 
and a very large, 30 by 26 cm. hydronephrotic kid- 
ney was found on the right with a large calculus 
impacted in its pelvis. Right nephrectomy was per- 
formed and the abdomen explored. On palpation 
of the pancreas a nodule was felt in the substance 
of the body. An operative diagnosis of islet tumor 
was made and a distal pancreatectomy-splenectomy 
was performed. The pancreatic duct was sutured 
and the cut edge of the remaining pancreas was 
oversewn. The area of resection was drained. Histo- 
logically, the nodule proved to be a benign beta 
cell adenoma 13 mm. in diameter. Postoperatively 
the patient responded well. The blood sugar drawn 
shortly after operation in the recovery room was 
264 mg./100 ml. The blood sugar rose to its 
highest level of 334 mg./100 ml. on the third 
postoperative day and returned to normal by the 
fifth postoperative day with no further tendency to 
hypoglycemia. Drains were removed on the eighth 
postoperative day and the patient was discharged 
on the eleventh day after operation. She has been 
totally asymptomatic over an ll-year period of 
follow-up. 

Case 4. D. P. was an 18-year-old young man 
who was first seen at Baptist Hospital in February 
1961. He had episodes of ataxia, profuse sweating, 
paresthesias, and loss of consciousness for 7 years. 
He also had had several convulsions. He had 
learned to eat sweets in an effort to prevent these 
attacks. He was transferred from the Tennessee 
State Prison after a fasting blood sugar level of 
35 mg./100 ml. Admission blood sugar was 59 
mg./100 ml. He was evaluated with a glucose toler- 
ance test, a prolonged fast, and an epinephrine 
stimulation test, all of which were positive for 
hypoglycemia. An upper gastrointestinal series was 
normal. On 2/8/61 an exploratory laparotomy was 
performed and a 4 cm. mass was found in the 
head of the pancreas. The tumor was embedded 
deeply in normal pancreatic tissue and enucleation 
could not be safely performed. A Whipple pan- 
creato-duodenectomy was performed with removal 
of the tumor and the pancreatic head, leaving the 
body and tail of the pancreas. Cholecystojejunos- 
tomy, pancreaticojejunostomy and gastrojejunos- 
tomy were performed in reconstruction of the 
alimentary tract. Pathologic examination showed 
this to be a beta cell islet adenoma. An uneventful 
recovery followed the Whipple procedure. Paren- 
teral fluids with small amounts of insulin were 
given postoperatively. He began eating regular 
diet on the tenth postoperative day and had no 
further hvpoglycemic symptoms. He was discharged 
on the fifteenth postoperative day. He has had no 
recurrence of hypoglycemia and has done well 
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during the 10 years of follow-up to the present 
time. 

Case 5. A. O., a 72-year-old woman, was 
admitted to Vanderbilt Hospital 4/1/62 with a 
5-year history of episodes of weakness, slurred 
speech, lethargy, dizziness, syncope, decreased 
mentation, and emotional lability. She had recently 
been forced to leave her job as a music teacher. 
At the time of admission her medications included 
Dilantin, Thorazine and dessicated thyroid. Past 
history was negative for any serious illnesses. The 
admitting fasting blood sugar level was 36 mg./100 
ml. A prolonged fast led to a blood sugar level of 
29 mg./100 ml. at 6 hours. A glucose tolerance 
test was equivocal but a tolbutamide tolerance test 
was strongly positive with early onset of profound 
hypoglycemia. An upper GI series was normal. On 
4/17/62 an exploratory laparotomy was performed 
through an upper abdominal "bucket handle" in- 
cision. A tumor was found in the very tip of the 
pancreatic tail near the hilum of the spleen. The 
tumor was excised with a bit of normal pancreatic 
tissue. The cut edge of the tail of the pancreas 
was oversewn and the area drained with a Penrose 
drain. Histologic examination showed the tumor 
to be a 9 mm. beta cell islet adenoma. The day 
after operation with 5% dextrose being infused at 
50 cc. an hour the blood sugar level was 134 mg./ 
100 ml. It remained in this range for the next sev- 
eral days and subsequently remained at normal 
levels when infusions of glucose were discontinued. 
Drains were removed on the tenth postoperative 
day. The patient made a good recovery and was 
discharged on the eleventh postoperative day. 
Follow-up during the last 8 years to the present 
time has shown her to be completely asymptomatic 
with no evidence of recurrence of hypoglycemia. 

Case 6. P. P., a 10-year-old girl, was brought 
to the Pediatric Clinic at Vanderbilt Hospital with 
a 5-year history of seizures and recent inability to 
awaken in the morning. The child had been treated 
with numerous anticonvulsants without control of 
seizures. Family history was important because 1 
year prior to this a brother (Case 4) had under- 
gone removal of a functioning beta cell adenoma. 
There was no family history of diabetes. At admis- 
sion, fasting blood sugar level was 30 mg./100 ml. 
A glucose tolerance test, tolbutamide tolerance test 
and leucine stimulation test and concomitant insulin 
levels strongly supported a diagnosis of hyperin- 
sulinism caused by a functioning islet cell tumor. 
On 9/22/62 she underwent exploratory laparotomy. 
A firm, reddish-yellow tumor lay in the uncinate 
process of the head of the pancreas just to the 
right of the superior mesenteric vein. It was at- 
tached to the pancreas by a narrow pedicle of pan- 
creatic tissue. Tumor was removed by simply 
clamping, dividing and suturing the pedicle. The 
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site of excision was drained with Penrose drains. 
Histologically the tumor was a beta cell adenoma 
which measured 19 mm. in diameter. Blood sam- 
ples for glucose drawn just prior to the operation 
and in the recovery room approximately 1 hour 
after resection were 115 mg./100 ml. and 175 mg./ 
100 ml., respectively, while 5% dextrose was in- 
fused at a constant rate. The postoperative recovery 
was uncomplicated. She was discharged on the 
tenth postoperative day. Due to the family history 
the other members of the family were evaluated 
for hypoglycemia and other endocrinopathies. 
Seven siblings and the mother were found to be 
normal. The father (H. P., Case 7), however, had 
a positive evaluation. The patient has been fol- 
lowed for 9 years and at the present time remains 
healthy, free of any known endocrinopathy and has 
had no recurrence of hypoglycemia. She is married 
and has two children who are healthy and show 
no evident endocrinopathies. 

Case 7. H. P., a 40-year-old railroad worker, 
was admitted to Vanderbilt Hospital 10/10/62 with 
approximately a 13-month history of episodes in 
which he was difficult to arouse, especially in the 
morning, fingertip paresthesias, trembling and light- 
headedness. He had had one convulsive seizure. 
He had learned to abort attacks by eating sweets 
and had gained 30 pounds. His family history was 
significant in that two of his children (D. P. and 
P. P., Cases 4 and 6) had had insulinomas of the 
pancreas removed. He had extensive skin lesions 
typical of psoriasis. He had been forced to give 
up his work 5 weeks prior to admission. On clin- 
ical and x-ray evaluation he had a 3 cm. discrete 
coin lesion in the left lower lobe of his lung. On 
10/23/62 a left lower lobectomy removed a “bron- 
chial adenoma” which proved to be adenocar- 
cinoma on histologic study. His recovery was 
uneventful. Glucose tolerance test, tolbutamide 
tolerance test, prolonged fasting leucine test were 
indicative of hyperinsulinism most likely due to 
islet tumor. Blood sugar reached a low of 8 mg./ 
100 ml. during the tolbutamide test. Upper gastro- 
intestinal x-rays were negative. During the same 
admission on 11/12/62 he underwent laparotomy 
and exploration of the pancreas. A firm rubbery 
mass was felt in the mid portion of the body of the 
gland. On further mobilization of the pancreas, 
two other masses were noted, one in the tail and 
another in the body near the first. The duodenum 
was Kocherized and the head of the pancreas was 
inspected carefully. No masses could be felt or 
seen. A distal pancreatectomy-splenectomy was 
performed. Pathologic examination of this specimen 
revealed eight discrete pancreatic adenomas, six 
located in the body and two in the tail The 
largest was a 13 mm. adenoma of the body, a 12 


mm. adenoma was closely located to this, and a 
third adenoma measuring 10 mm. in diameter was 
located in the tail. There were four more small 
adenomas of the body and one small adenoma of 
the tail which measured from 2 to 4 mm. in diam- 
eter. Histologically, all were beta cell islet ade- 
nomas. The day following removal of the ade- 
nomas, diabetic urines were 44- for sugar. By the 
second postoperative day blood sugar was 116 mg./ 
100 ml. and thereafter remained in the range of 
normal. He did well postoperatively. By the tenth 
postoperative day all drains and sutures had been 
removed, he had made an excellent recovery and 
was eating well. Further evaluation showed per- 
sistently elevated serum calciums with low serum 
phosphate. The diagnosis of primary hyperpara- 
thyroidism was made and on 11/30/62, he had ex- 
cision of a large parathyroid adenoma. He had 
a good recovery and was discharged on 12/7/62. 
The patient has enjoyed good health with no re- 
currence of hypoglycemia, hyperparathyroidism or 
pulmonary tumor during the past 9 years. 

Case 8. P. M., a 24-year-old Vanderbilt grad- 
uate student, was admitted on July 29, 1963 to the 
Psychiatric Service of Vanderbilt Hospital follow- 
ing a grand mal seizure. He had been followed for 
several months in the Psychiatric Clinic. For almost 
a year he had had seizures, episodes of slurred 
speech, ataxia and paresthesias. He also drank ex- 
cessively and had been seen in the emergency 
room on several occasions for intoxication. After 
admission to the hospital he was belligerent and 
required constant surveillance. After a fasting blood 
sugar level of 30 mg./100 ml. and relief of symp- 
toms by glucose, he was transferred to the Medical 
Service for study. Multiple and repeated studies of 
fasting blood sugars, glucose tolerance, tolbutamide 
tolerance and leucine stimulation were carried out. 
Fasting, tolbutamide and leucine tests showed pro- 
found hypoglycemia and suggested hyperinsulinism 
due to an islet tumor. On 8/14/63 he underwent 
exploratory laparotomy and careful examination 
of the pancreas. There was no palpable adenoma 
in the head, body or tail. Exploration of the peri- 
toneal cavity for aberrant pancreatic tissue also re- 
vealed no tumor. A distal pancreatectomy-splenec- 
tomy was performed leaving a small segment of 
head and uncinate process. The cut edge of remain- 
ing pancreas was oversewn and the area drained. 
Pathologic examination of serial sections of the 
specimen showed a 4 mm. adenoma deeply em- 
bedded in the proximal end of the tail of the pan- 
creas (Fig. 1). Histologic study showed this to be 
a beta cell islet adenoma. Insulin levels drawn from 
the portal vein immediately before and after exci- 
sion of the adenoma were 164 microunits per milli- 
liter and 35 microunits per milliliter, respectively. 
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Blood sugar approximately 1 hour after excision 
was 360 mg./100 ml. Five per cent dextrose was 
being infused at constant rate during this time. 
Postoperative course was complicated by develop- 
ment of a pancreatic fistula and a wound infec- 
tion. He was discharged on the eighteenth post- 
operative day. Blood sugars returned to normal 
values by the eighth postoperative day. The pan- 
creatic fistula healed spontaneously within a few 
weeks. Follow-up to the present time has showed 
him to be completely asymptomatic. He is working 
regularly and has had no seizures or other evidence 
of hypoglycemia or diabetes during the past 8 
years. 

Case 9. C. M., a 55-year-old man, was initially 
seen on March 25, 1967 complaining of “weak- 
ness and falling out spells” for approximately 6 
months. He had been treated during this time for 
hypoglycemia which was thought by his local phy- 
sician to be due to alcoholism and liver disease. 
He gave a history of excessive alcohol ingestion 
and was believed to have cirrhosis. There had 
been no improvement in his condition after sev- 
eral months of treatment with high protein, low 
carbohydrate diet. There was no family history of 
diabetes. Glucose tolerance test, tolbutamide toler- 
ance test and prolonged fast with concomitant 
measurements of glucose and insulin levels (Fig. 
2) were indicative of hyperinsulinism. On 3/31/67 
an exploratory laparotomy was performed through 
an upper abdominal "bucket handle" incision. A 
tumor was found in the body of the pancreas. It 
was rubbery firm in consistency and reddish-brown 
in color. A distal pancreatectomy-splenectomy was 
performed. The cut edge of the remaining pan- 
creas was oversewn and the area drained. Patho- 
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Fic. 1. (Case 8) Em- 
piric resection of body 
and tail of pancreas: 4 
mm. beta cell adenoma 
found on serial section- 
ing of specimen. 
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logic examination showed the tumor to be a beta 
cell islet adenoma of the pancreas. Blood sugar 
drawn on the operating table approximately 30 
minutes after resection of the distal pancreas with 
the tumor was 263 mg./100 ml. After operation 
the patient responded well except for superficial 
wound infection which cleared with local drainage. 
He was discharged on the twenty-seventh postop- 
erative day. He has subsequently returned to nor- 
mal activities. He has been followed for 4 years 
with no recurrences of hypoglycemia or tumor. 
Case 10, R. K., a 67-year-old man, collapsed 
while doing heavy work and was brought to the 
Emergency Service of St. Thomas Hospital on 
6/3/61 disoriented and agitated. Blood sugar level 
at the time of admission was 30 mg./100 ml. 
He was given orange juice and his condition 
promptly improved. He gave a history of spells of 
dizziness, nervousness, ataxia and frontal headaches 
of one year's duration. Family history was negative 
for diabetes. There was no history of serious ill- 
nesses. Systemic review and physical examination 
showed no significant abnormalities. A glucose 
tolerance test, tolbutamide test and prolonged fast 
with measurement of concomitant glucose and in- 
sulin levels were diagnostic of hyperinsulinism ( Fig. 
2). Celiac arteriogram and upper gastrointestinal 
x-ray were negative. On 6/20/67 an exploratory 
laparotomy was performed. A large tumor of the 
pancreatic tail was discovered. Distal pancreatec- 
tomy-splenectomy was performed. The cut edge of 
the remaining pancreas was oversewn and the area 
drained. On pathologic examination of the speci- 
men there was a fairly discrete tumor which was 
43 mm. in diameter and dark yellow in color. On 
histologic examination it was a beta cell adeno- 
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carcinoma. There were no positive lymph nodes in 
the area of resection. Postoperatively the patient 
responded well. Blood sugar rose to a high of 222 
mg./100 ml. on the first postoperative day and 
gradually returned to normal by the 8th day and 
thereafter remained normal. He was discharged on 
the 17th postoperative day. During follow-up to 
thé present time the patient has been completely 
asymptomatic. He has returned to full-time work 
and is functioning well except for mild angina. 


Case 11. J. B., a 26-year-old woman was ad- 
mitted to Vanderbilt Hospital on May 21, 1968 
with episodes of peroral and digital paresthesias, 
diplopia, sweating and irritability for 9 months. 
The symptoms were relieved by ingestion of sugar. 
A few days prior to admission she had sustained a 
major clonic seizure and responded to treatment 
with intravenous glucose at another hospital. Past 
history and family history were non-contributory. 
Physical examination on entry showed no abnor- 
malities. Fasting blood sugar level on admission to 
Vanderbilt Hospital was 30 mg./100 ml. She un- 
derwent a glucose tolerance test, prolonged fast, 
and tolbutamide tolerance test, all with concomi- 
tant serum insulin assays. A diazoxide response 
test was also performed. All were indicative of 
hyperinsulinism (Fig. 3). A celiac arteriogram was 
interpreted as compatible with tumor of the pan- 
creatic head. Upper gastrointestinal x-rays were 
normal. Diagnosis was hyperinsulinism due to islet 
tumor of the pancreas. On May 29, 1968 she un- 
derwent exploratory laparotomy and a firm tumor 
in the anterior surface of the head of the pancreas 
was found. It was enucleated and the area drained 
by a sump suction catheter. Blood samples for in- 
sulin and glucose determination were drawn from 
the portal vein on the operating table just prior to 
excision of the tumor and 30 minutes after ex- 
cision. The pre-excision values were glucose 429 
mg./100 ml. and insulin 92 «U/ml. Thirty min- 
utes after excision of the tumor the values de- 
creased to glucose 252 mg./100 ml. and insulin 37 
„U/ml. The unusually high pre-excision glucose 
level was caused by an injection of 20 cc. of 50% 
glucose which had been given by the anesthesiolo- 
gist a few minutes earlier. The blood sugar level 
8 hours after excision of the tumor was 234 mg./ 
100 ml. and the serum insulin concentration was 
27 „U/ml. Histologically the tumor was a beta 
cell islet adenoma 16 mm. in diameter. The pa- 
tient’s postoperative course was uncomplicated. A 
repeat glucose tolerance test, tolbutamide test and 
prolonged fast with serum insulin levels were en- 
tirely normal. She was discharged on the ninth 
postoperative day. Follow-up in the last 3 years 
to the present time has shown that she has re- 
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SERUM INSULIN (gU/ml) 
Fic. 2. (Cases 9, 10) Data in two patients with 


proven beta cell tumors (C. M. and R. K.) com- 
pared with normals and hypoglycemic patient (R. 
S.) without insulin secreting tumor. 


turned to full normal activities with no recurrence 
of hypoglycemia or tumor. 

Case 12, L. G., a 63-year-old man, was ad- 
mitted to Baptist Hospital on 6/13/69 with epi- 
sodes of loss of consciousness, profound weakness 
and psychotic behavior for 3 months. There was 
a history of excess ethanol intake and hyperten- 
sion. He had undergone vagotomy and antrectomy 
for a bleeding ulcer 9 years prior to admission. 
He had had three further laparotomies for lysis of 
adhesions and small bowel obstruction. At the last 
procedure, pancreatic exploration for adenoma was 
done at Nashville General Hospital and none was 
found. Physical examination showed no significant 
abnormalities except for the scars of the previous 
abdominal operations. Fasting blood sugar level on 
admission was 35 mg./100 ml. A glucose tolerance 
test, tolbutamide tolerance, and prolonged fast 
with concomitant insulin levels were all positive 
for hyperinsulinism. A celiac and superior mesen- 
teric arteriogram was normal. Upper GI x-rays 


NORMALS 





SERUM INSULIN (U/ml) 


Fic. 3. (Case 11) “Inappropriately” high in- 
sulin levels in patient (J. B.) with fasting hypo- 
glycemia due to proven beta cell adenoma. 
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were also normal. A pancreatic scan was abnor- 
mal and indicative of pancreatitis. He remained 
hypoglycemic. On 6/27/69 exploratory laparotomy 
was performed. The pancreas was fully mobilized 
and inspected and no tumor could be found. Ex- 
ploration of the abdomen for aberrant pancreatic 
tissue was also negative. After a distal pancrea- 
tectomy-splenectomy the area was drained. Gross 
examination of the serially sectioned specimen 
showed no tumor. Histologically, the specimen 
showed mild chronic pancreatitis but no adenoma 
was found. Postoperatively there was no blood 
sugar rise. The patient consistently maintained 
blood sugar levels less than 100 mg./100 ml. with 
D5W infusion. Postoperative serum insulin levels 
were somewhat decreased from preoperative values 
but still abnormally high. The patient's early post- 
operative course was uncomplicated. He was dis- 
charged on the 12th postoperative day. He re- 
sponded well for several months but the symptoms 
of hypoglycemia gradually returned. A low carbo- 
hydrate high protein diet was employed. How- 
ever, the persisting hypoglycemic symptoms were 
poorly controlled. Alcoholism, weight loss and 
physical deterioration continued to be major prob- 
lems and follow-up on this patient was sporadic. 
Eighteen months after operation he died in an- 
other hospital emergency room in a coma. Au- 
topsy was refused and no blood sugar was drawn 
at the time of death. 

Case 13, D. G., a 55-year-old man, first came 
to the emergency service at Vanderbilt Hospital 
on May 13, 1970. He was unconscious and had a 
blood sugar level of 40 mg./100 ml. He responded 
promptly to intravenous glucose. He had had “weak 
spells" for 1 year but had not previously lost con- 
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Fic. 4 (Case 11) 
Photograph taken during 
enucleation of 16 mm. 
beta cell adenoma from 
anterior surface of head 
of pancreas. Traction su- 
tures were used to ele- 
vate the encapsulated tu- 
mor. 


sciousness. He frequently ate between meals to 
counteract the "weak spells." His family stated 
that he had had bizarre behavior for at least a 
year. He had been treated with Librium and 
Vivactil during this time. He had undergone hemi- 
gastrectomy and gastrojejunostomy for peptic ul- 
cer disease in 1957. A half sister had died of dia- 
betes, otherwise there was no family history of 
diabetes. There was a questionable past history of 
rheumatic fever. He was a thin man and had a 
loud diastolic murmur consistent with aortic in- 
sufficiency. Except for the surgical scar in the ab- 
dominal wall there were no other significant find- 
ings. The patient underwent a prolonged fast, 
tolbutamide and glucose tolerance tests with mea- 
surements of serum insulin and glucose. All tests 
showed hypoglycemia with inappropriately high 
insulin levels (Fig. 5). A diazoxide test resulted 
in a blood glucose rise from 112 to 168 mg./100 
ml. in 215 hours. Selective celiac and superior mes- 
enteric arteriogram showed no abnormalities. Up- 
per GI x-rays demonstrated the previous partial 
gastrectomy but no other abnormality. A diagnosis 
of hyperinsulinism due to pancreatic islet tumor 
was made. On 5/25/70 exploratory laparotomy 
was performed. The pancreas was carefully ex- 
amined and no adenoma could be seen or pal- 
pated. A distal pancreatectomy-splenectomy was 
performed; the cut edge of remaining pancreas 
was oversewn and the area drained. Pathologic ex- 
amination of serial sections of the specimen re- 
vealed a 6 mm. beta cell adenoma located 5 cms. 
from the proximal margin of resection in the tail 
of the pancreas. Blood glucose drawn in the re- 
covery room shortly after excision of the adenoma 
was 276 mg./100 ml. Blood sugar level returned 
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to normal in 4 days. The patient made an un- 
eventful recovery. Repeat postoperative IV glu- 
cose tolerance test, tolbutamide tolerance test and 
72-hour fast and insulin assays were normal. He 
was discharged on the 24th postoperative day. He 
has been asymptomatic during follow-up to the 
present time with no recurrence of hypoglycemia 
and no evidence of diabetes. 


Case 14. B. O., a 22-year-old nurse, was ad- 
mitted to Vanderbilt Hospital July 23, 1970 with 
episodes of weakness, lightheadedness and hunger. 
Her first attack had occurred during pregnancy. 
Blood sugar had been drawn on one occasion at 
Nashville Metropolitan General Hospital and found 
to be 45 mg./100 ml. The patient spontaneously 
aborted her pregnancy at 6 months’ gestation. The 
attacks of hypoglycemia became more frequent 
and were associated with palpitations and sweat- 
ing. She was allegedly seen at another hospital 
emergency room on one occasion before her ad- 
mission to Vanderbilt Hospital where the blood 
sugar level was reported to be 18 mg./100 ml. 
She was treated by her physician with low carbo- 
hydrate, high protein diet and improved somewhat. 
Her only medication was birth control pills. She 
had had several urinary tract infections in the past. 
There was no family history of diabetes. Physi- 
cal examination showed no abnormalities. Fasting 
. blood sugar level on admission was 50 mg./100 ml. 
A prolonged fast led to a blood sugar of 19 mg./ 
100 ml in 13 hours at which time serum insu- 
lin was 125 U/ml. Tolbutamide tolerance tests 
showed prompt and severe hypoglycemia. Celiac 
and superior mesenteric arteriograms were normal. 
Serum insulin concentrations were elevated to very 
high levels. Upper GI x-rays were normal. Cer- 
tain features of her illness raised the possibility of 
factitious hypoglycemia. Blood levels for sulfonyl- 
urea compounds were normal. Self administration 
of insulin was considered but was unsubstantiated. 
A diagnosis of hyperinsulinism due to islet ade- 
noma was finall made. On 8/30/70 she under- 
went exploratory laparotomy. The pancreas was 
thoroughly explored and no tumor could be found. 
There was no aberrant pancreatic tissue within 
the peritoneal/cavity. A distal pancreatectomy with 
splenectomy was performed. The cut edge of pan- 
creas was oversewn and drains were inserted. Pre- 
and post-resection portal vein sugar and insulin 
levels from samples drawn at the time of opera- 
tion showed no significant change in either glu- 
cose or insulin following distal pancreatectomy. In 
addition blood sugar levels in the early postopera- 
tive period ranged in the 80 to 100 mg./100 ml. 
zone. There was no postoperative hyperglycemia. 
Histologic examination of the resected specimen 
showed normal pancreas. Recovery was slow with 
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Fic. 5. (Cases 13, 15) Data in two patients 
(D. G. and D. K.) with inappropriately high serum 


insulin levels with fasting hypoglycemia due to 


proven beta cell adenoma. 


much nausea and vomiting which prolonged her 
hospital stay. Parenteral glucose was gradually 
withdrawn and after resumption of diet there were 
no further episodes of hypoglycemia; multiple fast- 
ing blood sugar levels remained in the low normal 
range. The drains were removed on the 12th post- 
operative day and she was discharged on the 23rd 
postoperative day. 

During the last year and half she has resumed 
her occupation and has had no further hypogly- 
cemic episodes. Neither diet or medication have 
been necessary since operation. 

Case 15, D. K., a 41-year-old housewife, was 
admitted on January 28, 1971 to Vanderbilt Hos- 
pital. She had had attacks of numbness, blurred 
vision, nervousness and personality changes for 4 
years and had been under psychiatric care for 
several years. She had learned to rely on orange 
juice frequently as a means of aborting attacks. 
Prior to admission she had had an automobile 
accident in which she had lost consciousness while 
driving. Family history and past history were non- 
contributory. Physical examination showed a very 


healthy woman with no abnormalities. She under- 


went a glucose tolerance test, tolbutamide test 
and prolonged fast with concomitant insulin (Fig. 
5) assays. All were positive for hypoglycemia and 
inappropriately high insulin levels. At 22 hours of 
fasting blood glucose was 24 mg./100 ml. and 
serum insulin was 51 »U/ml. A selective celiac 
and superior mesenteric arteriogram and upper 
gastrointestinal x-rays showed no abnormalities. On 
2/16/71 she underwent exploratory laparotomy. A 
large adenoma was palpated in the head of the 
pancreas on the anterior surface of the uncinate 
process. The remainder of the pancreas was nor- 
mal. The common duct was opened and a #3 
Bakes dilator was passed in order to determine 
the duct’s location in the head. Approximately 2 
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Patient 


1. M.R. 


12. L. G. 


13. D.G. 


14. B. O. 


15. D. K. 


Age Sex 
33 F 
54 M 
68 F 
18 M 
72 F 
10 F 
40 M 
24 M 
55 M 
67; M 
26 F 
63 M 
55 M 
22 F 
41 F 
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Adm 
Date 


(1) 1952 


(2) 1953 


1958 


1960 


1961 


1962 


1962 


1962 


1963 


1967 


196; 


1968 


1969 


1970 


1970 


1971 


Clinical 
Manifestations 


Episodes of coma, sweats, 
paresthesias 
Persistence of Sx 


Syncopal attacks, ataxia, 
weakness, psychotic 
behavior 


Episodes of confusion, 
ataxia, psychotic be- 
havior and coma 


Episodes of confusion, 
sweats, coma, fits, 
ataxia, paresthesias 


Episodes of weakness, 
slurred speech, con- 
fusion, syncope 


Convulsions and episodes 
of coma 


Comatose episodes, 
trembling, paresthesias 
aborted by sweets 


Convulsions, ataxia, 
paresthesias, slurred 
speech 


Episodes of weakness, 
syncope; heavy alcohol 
intake 


Dizzy spells, ataxia, 
nervousness 


Paresthesias, sweats, 
irritability, diplopia 
one seizure 


Episodes of coma, weak- 
ness, psychotic be- 
havior, heavy alcohol 
intake 


Weak spells, previous 
vagotomy, antrectomy, 
admitted in coma 


Episodes of weakness, 
hunger, light 
headedness 


Spells of paresthesias, 
nervousness, blurred 
vision personality 
changes syncope—auto 
wreck 


8 yrs. 
7 yr. 
5 yra. 


5 yrz. 


13 mcs. 
1 yr. 
ó mos. 


l yr. 


9 moa. 


3 mos. 


1 yr. 
6 mos, 


4 yrs. 


Whip- 
ple's 
Triad 


Yes 


Yes 


Yes 


Yes 


Yes 
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TABLE 1. Summary of Data in 


Admis- 
sion 


(mg./ 
100 ml.) 


32 


40 


30 


36 
59 
36 


30 


37 


30 


30 


30 


35 


50 


50 


Pre-op Fasting 


(6 to 72 


Blood Sugar 
(mg./100 ml.) 


42 (at 12 hrs.) 


28 (at 12 hrs.) 


37 (at 5 hrs.) 


36 (at 6 hrs.) 
35 (at 5 hrs.) 
29 (at 6 hrs.) 


23 (at 12 hrs.) 


33 (at 12 hrs.) 


40 
34 (at 16 hrs.) 


35 (at 3 hrs.) 


48 (at 12 hrs.) 


30 (at 19'hrs.) 
19 (at 13 hrs.) 


24 (at 22 hrs.) 


hours) 


Serum 
Insulin 
G@U/ml.) 


>30 


14 


41 


183 


17 


> 125 


51 
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15 Patients with Hyperinsulinism 





Tolbu- 
tamide Operative 
Test Findings Operative Procedure Pathologic Dx Result Follow-Up 
(1) No tumor Distal pancreatectomy, Normal pancreas Unchanged Cortisone & diet for 
found splenectomy 210 years 
(2) 15 mm. Enucleation Beta cell Excellent 8 years 
tumor in head adenoma (mild diabetes) 
"8 mg tumor in Wedge resection Beta cell Poor Died 6 mos. postop 
tail adenoma with complication 
of pancreatitis no 
hypoglycemia 
13 mm. tumor Distal pancreatectomy, Beta cell Excellent 11 years 
in body splenectomy adenoma 
4 cm. tumor in Whipple operation Beta cell Excellent 10 years 
head adenoma 
9 mm. tumor in Excision Beta cell Excellenz 9 years 
tip of tail adenoma 
19 mm, tumor Enucleation Beta cell Excellent 9 years 
in head adenoma 
Multiple tumors Distal pancreatectomy, Multiple beta cell Excellent* 9 years 
in body and splenec:omy adenomas 
tail 
No.tumor found Distal pancreatectomy, Beta cell Excellent 8 years 
splenectomy adenoma 
(4 mm.) 
22 mm. tumor Distal pancreatectomy, Beta cell Excellent 4 years 
in body splenectomy adenoma (mild diabetes) 
43 mm. tumor Distal pancreatectomy, Beta cell adeno- Excellent 4 years 
in tail splenectomy carcinoma 
16 mm. tumor Enucleation Beta cell Excellent 3 years 
in head adenoma 
No tumor found Distal pancreatectomy, Mild chronic Poor Died 18 mos. postop 
splenectomy pancreatitis No autopsy 
No tumor found Distal pancreatectomy, Beta cell Excellent 14 years 
splenectomy adenoma 
(6 mm.) 
No tumor found Distal pancreatectomy, Normal pancreas Good 14 years 
splenectomy 
16 mm, tumor Enucleation Beta cell Excellent 10 months 
in head adenoma 
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mm. of normal pancreatic tissue lay over the tu- 
. mor. The pancreatic capsule was incised, the ade- 
noma carefully exposed and enucleated. The area 
was drained. On pathologic examination the tu- 
mor was 16 mm. in diameter, well encapsulated 
and dark brown in color. Microscopic examination 
showed it to be a beta cell adenoma. Blood sugar 
and insulin levels were obtained from the portal 
vein just prior to and 30 minutes following ex- 
cision of the adenoma during a constant infusion 
of 596 Dextrose. The pre-excision values were 
sugar 120 mg./100 ml, insulin 146 »U/ml.; 30 
minutes post-excision sugar was 282 mg./100 ml, 
insulin 6 „U/ml. The blood sugar level returned 
to normal by the third postoperative day. Postop- 
erative glucose tolerance test, tolbutamide test, 
prolonged fast for 72 hours, and insulin levels 
were entirely normal The patient made an un- 
eventful recovery and was discharged on the 17th 
postoperative day. There have been no further 
hypoglycemic attacks and she has remained well 
during the 10-month period since operation. 


Clinical Aspects 


Among the 13 patients in this group who 
had confirmed functioning beta cell islet tu- 
mors there were seven men and six women. 
The average age at onset of symptoms was 
47 years; the range was from 5 years in the 
youngest patient to 66 years in the oldest. 
In the three patients of the same family 
(Cases 4, 6, 7), the father (Case 7) is an ex- 
ample of multiple endocrine adenomatosis. 

The principle features of the clinical 
courses of this group are summarized in 
Table 1. The duration of hypoglycemic 
symptoms averaged 49 months with a range 
of 3 months to almost 14 years. Symptoms 
varied from those usually caused by very 
rapid decreases in blood sugar levels with 
epinephrine release (e.g., weakness, sweat- 
ing, hunger, tachycardia, “inward trem- 
bling”) to the cerebral manifestations 
which are attributable to more gradual de- 
creases over a period of hours (e.g., head- 
ache, blurred vision, diplopia, mental con- 
fusion, incoherent speech, ataxia, psychotic 
behavior ).t Episodes of syncope, with and 
without convulsive seizures, occurred in 12 
(92%) patients. Six patients had under- 
gone psychiatric therapy or consultation 
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and one had been incarcerated in the state 
priscn. | 

Symptoms occurred most commonly afte 
overnight fasting and after exertion. Morn- 
ing lethargy with difficulty in arousal wa: 
a prominent feature in each patient's his- 
tory. More than half of the group had had 
symptoms for 3 or more years before the 
diagnosis of functioning beta cell islet tu- 
mor was made. 

In this series there were no significant 
findings on physical examination which con- 
tribuzed to the diagnosis of beta cell islet 
tumors. 


Labcratory Data and Diagnostic Studies 


After fasting the overnight blood sugar 
levels were 50 mg./100 ml. or lower in each 
patient in this small series on one or more 
occasions during diagnostic evaluation. Fur- 
ther, in each patient the clinical criteria of 
Whipple's Triad were validated. 

Glucose tolerance tests were done as a 
screening procedure in all patients in an 
effort to exclude reactive or functional hy- 
poglycemia. In this series, glucose tolerance 
tests "were not particularly helpful in es- 
tablishing a diagnosis of hyperinsulinism 
due to functioning islet tumor. 

Prolonged fasting with evaluation of the 
patients symptomatic responses and blood 
glucose concentrations has been used in the 
diagnosis of beta cell islet tumors for many 
years. In most. patients with islet tumor hy- 
poglyzemic symptoms develop within the 
first £4 hours with concomitant reduction 
in blood sugar levels to concentrations of 
40 mg./100 ml. or lower.5 Relief by oral or 
intravencus glucose fulfills Whipple's cri- 
teria. Less frequently it is necessary to pro- 
long fasting to 48 or 72 hours before severe 
hypoglycemia occurs. Since the advent of 
accurate methods of measuring serum im- 
muno-reactive insulin (IRI),' more precise 
information can be obtained by document- 
ing both glucose and insulin levels during 
the deprivation test. Figures 2, 3 and 5 
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illustrate the relationship between serum 
glucose and insulin concentration in nor- 
mal patients and in several with beta cell 
islet adenomas in this series. In our opinion 
prolonged fasting with simultaneous mea- 
surements of serum, glucose and insulin 
levels is the single most useful test for 
evaluating patients suspected of having in- 
sulin producing tumors. 

The tolbutamide tolerance test developed 
for clinical usage by Fajans et al.? has been 
employed in the effort to diagnose beta cell 
tumors in most patients in this series since 
1961. Patients with functioning beta cell 
tumors usually respond to the rapid intra- 
venous injection of 1 Gm. of sodium tolbu- 
tamide which promptly reduces and sus- 
tains blood glucose to hypoglvcemic levels. 
The test was positive in each patient in 
whom it was used in this series. 

The L-leucine sensitivity test, the gluca- 
gon test, and the administration of diaz- 
oxide? 1° were used in several patients in 
this series as adjuvants to diagnosis of beta 
cell tumors but provided little additional 
information of value above that provided 
by the other tests. 

Radiologic studies which were used in 
many of these patients to identify and lo- 
calize a pancreatic tumor included upper 
GI x-rays, selective celiac and superior 
mesenteric arteriography and pancreatic 
scan. These studies with the addition of 
chest x-rays and intravenous pyelograms 
were useful chiefly in excluding the exist- 
ence of large extra pancreatic tumors as a 
cause for hypoglycemia. In one of six pa- 
tients selective arteriography correctly in- 
dicated the location of a beta cell tumor in 
the head of the pancreas. None of the other 
tumors, including the largest (43 mm.), 
were demonstrated by radiologic studies. 


Pathologic Findings 


Among the 15 patients in this study who 
underwent operation for preoperative diag- 
nosis of hyperinsulinism, 13 had function- 
ing beta cell islet tumors. There were 19 


TABLE 2. Pathologic Findings 





Adenoma, single 11 
Adenoma, multiple 1 
Adenocarcinoma 1 
Normal] pancreas 2 


adenomas and one adenocarcinoma re- 
moved from these 13 patients. One patient 
had eight separate, discrete adenomas lo- 
cated in the body and tail of the pancreas. 
The remaining 12 patients had single tu- 
mors (Table 2), All adenomas were dis- 
crete and approximately spherical in con- 
figuration. The adenocarcinoma was also 
spherical in configuration and fairly dis- 
crete. The average diameter of the tumors 
was 13.3 mm.; the range was from 2 to 43 
mm. All tumors were intrapancreatic except 
for one which was attached to the uncinate 
process by a small pedicle. Five were lo- 
cated in the head of the pancreas, ten in 
the body and five in the tail (Fig. 6). Of 
the ten tumors located in the body of the 
pancreas, six were in the one specimen con- 
taining eight adenomas. The color of the 
tumors ranged from reddish-brown to yel- 
low or tan. Histologic examination showed 
the cellular characteristics of beta cell islet 
adenoma in each of the 19 benign tumors. 
In the single instance of malignant islet tu- 
mor the 43 mm. lesion was well localized 


(D Multiple adenomas 





Fic. 6. Diagram of approximate location of soli- 
tary beta cell islet tumors in 12 patients. One pa- 
pene had multiple beta cell adenomas in body and 
tail. 
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TABLE 3. Summary of Operative Findings and Procedures 





Tumor Identified at Primary Exploration 
(10 Patients) 
Distal pancreatectomy—splenectomy 
Excision or enucleation of tumor 
Whipple operation 
Wedge excision 


m fw Hu 


Tumor Not Identified at Primary Exploration 
(5 Patients) 


Distal pancreatectomy—splenectomy 5 
Tumor found in specimen 2 
Tumor not found in specimen J 


Tumor Identified at Secondary Exploration 
(1 Patient)* 


Enucleation of Tumor i 


but showed many mitotic figures, pleomor- 
phism and perineural invasion. There were 
no metastases. No correlation between the 
size of the tumors and the duration of the 
symptoms or the severity of symptoms was 
found. 

In the two patients with hyperinsulism 
in whom no beta cell tumor was identified 
either at the time of operation or in the 
excised body and tail of pancreas, patho- 
logic examination of the specimen showed 
minimal changes in chronic pancreatitis in 
one and normal pancreas in the other. 
There was no evidence of islet hyperplasia 
in either specimen. 


Surgical Treatment 


After functioning beta cell islet tumors 
were diagnosed in this group of patients, 
operation was performed with dispatch. 

There was a total of 16 exploratory lapa- 
rotomies in 15 patients. Fourteen laparoto- 
mies were performed through bilateral sub- 
costal or upper abdominal “bucket-han- 
dle” incision and two through a midline in- 
cision. In each instance the abdominal con- 
tents, pancreas and the common sites of 
aberrant pancreatic tissue were thoroughly 
explored. As previously emphasized by 
Laroche, Ferris, Priestley et al.,5 pancreatic 
exploration for functioning beta cell islet 
tumor requires inspection and palpation of 
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the entre gland. The pancreatic head can 
be assessed and palpated bimanually after 
mobilization of the duodenum and head by 
the Kocher maneuver. The body and tail 
are visualized and palpated bimanually by 
divicing the gastrocolic ligament and the 
posterior peritoneal reflexion from the body 
and tail of the pancreas to the root of the 
transverse mesocolon. 

À summary of findings at operation and 
the surgical procedures employed in the 
management of this series of 15 patients 
with hyperinsulinism is presented in Ta- 
ble 3. 

A tumor was detected in 10 patients at 
initial exploratory laparotomy among whom 
was the patient who had multiple adenomas 
of the body and tail (Case 7). This patient 
and three others with solitary tumors which 
could be visualized and palpated in body 
or tail underwent distal pancreatectomy 
and splenectomy. Simple excision or enu- 
cleation of the tumor was performed in 
four other patients (Fig. 4). One patient 
had a Whipple procedure for removal of a 
deeply seated tumor of the pancreatic head. 
Another had wedge resection of a tumor of 
the inferior portion of the mid portion of 
the pancreatic tail. 

Five patients in whom no tumor could be 
identified at primary exploration underwent 
distal pancreatectomy-splenectomy. In two 
of these patients serial section of the ex- 
cised bodv and tail by the surgical patholo- 
gist disclosed a small adenoma (Fig. 1). In 
the three other patients serial sections and 
microscopic study failed to show either 
gross or microscopic evidence of beta cell 
tumor or cf islet hyperplasia. One (Case 1) 
was reoperated on more than 10 years later 
and an adenoma was found in the residual 
head of the pancreas and enucleated. 


Results 


All of the patients who were operated 
upon recovered and survived the imme- 
diate postoperative period. Postoperative 


BETA CELL TUMORS OF THE PANCREAS 


courses in 11 patients were without com- 
plication. 

One patient had a superficial wound in- 
fection which did not prolong hospital stay. 
Another patient, who had undergone distal 
pancreatectomy-splenectomy with drainage 
of the area developed a pancreatic fistula in 
the drain sinus. This occurred shortly after 
discharge from the hospital and healed 
spontaneously after a few weeks. Another 
patient had prolonged ileus after distal 
pancreatectomy which delayed recovery. 

In each of the 12 patients in whom beta 
cell tumors were removed at primary ex- 
ploration there was immediate relief of hy- 
poglycemia and hyperinsulinism. Transitory 
hyperglycemia was characteristically pres- 
ent in the first few days after operation. 
Eleven patients have been cured of hyper- 
insulinism and have had excellent results 
with no recurrence of hypoglycemia or tu- 
mor in follow-up period of 10 months to 
ll years. 

One of the 12 (Case 2) in whom beta 
cell islet adenoma had been wedged out of 
the mid portion of the pancreatic tail re- 
turned 2 months after operation with se- 
vere pancreatitis. After a long illness com- 
plicated by pseudocyst formation, massive 
bleeding episodes and sepsis, he died 6 
months after the original operation. It 
seems clear that the "wedge excision" of 
the beta cell tumor obstructed the pan- 
creatic duct in the mid portion of the tail. 

In the three patients in whom no tumor 
was found at primary exploration or at 
pathologic examination of the resected dis- 
tal pancreas, symptoms and laboratory evi- 
dence of hyperinsulinism persisted in two 
(Cases 1, 12) and cleared in one (Case 
14). In patient M. R. (Case 1) symptoms 
of hyperinsulinism were controlled fairly 
well by high protein, low carbohydrate diet 
and cortisone for over 10 years. As detailed 
in the case summary, this patient finally 
agreed to return for re-evaluation and at 
re-operation in 1963 a beta cell adenoma 
was enucleated from the residual head of 
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TABLE 4, Results of Surgical Treatment 





Removal of Beia Cell Tumor(s) by Local Excision 


or Pancreatic Resection 
(13 Patients) 
Excellent 12 
Late death i 
Pancreatic Resection (Distal) —No Tumor Found 
(2 Patients) 
Good 1 
Late death i 


the pancreas which relieved hyperinsulin- 
ism. She has had an excellent result over 
the last 8 years. Mild diabetes, controlled 
by diet and oral hypoglycemics, has devel- 
oped in this patient and in one other in 
this series. In patient L. G. (Case 12) 
manifestations of hyperinsulinism appar- 
ently persisted until the patient’s death 18 
months after distal pancreatic resection. 
Follow-up was inadequate and no autopsy 
was done. It is possible that a beta cell tu- 
mor was missed at the two pancreatic ex- 
ploratory operations. 

In patient B. O. (Case 14) although post- 
operative recovery was slow, manifestations 
of hypoglycemia and hyperinsulinism have 
disappeared since the distal pancreatic re- 
section. In the last 18 months she has re- 
sumed her work as a nurse and has re- 
mained healthy. Follow-up studies have 
shown no evidence of endogenous hyper- 
insulinism. Factitious hyperinsulinism as 
the explanation of her illness cannot be 
excluded. 


Comment and Summary 


This report emphasizes the importance 
of recognition of the clinical syndrome and 
of precise laboratory data in the diagnosis 
of endogenous hyperinsulinism * due to 
beta cell tumors of the pancreatic islets. 
Whipple's Triad is as valid today as it was 
when first described in 1935. A recent re- 
view by Conn and Pek? has summarized 
the many sophisticated laboratory methods 
available today in differentiating endoge- 
nous hyperinsulinism from the other causes 
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of hypoglycemia. Although many of these 
newer diagnostic studies were used in the 
present series, it is our opinion that pro- 
longed fasting with simultaneous measure- 
ments of serum glucose and insulin levels 
is the single most useful test for evaluating 
patients suspected of having insulin pro- 
-ducing tumors, As indicated by the data in 
Figures 2, 3 and 5, serum insulin levels are 
extremely low («10 »U/ml.) in patients 
with profound hypoglycemia due to causes 
other than insulin secreting tumors. When 
profound hypoglycemia is accompanied by 
an “inappropriately” elevated endogenous 
serum insulin level, a diagnosis of func- 
tioning beta cell islet tumor is established. 

When endogenous hyperinsulinism is 
proven by these criteria, surgical explora- 
tion for functioning beta cell islet tumor 
is indicated. 

Operative experience with the patients 
of this series parallels that of Miller,?° Wil- 
liams, Bryson and Hume !* and is similar to 
the large experience of Laroche, Ferris, 
Priestley et al9. Usually beta cell islet tu- 
mors are benign and solitary. They can be 
identified easily and removed safely if the 
pancreas is carefully and. thoroughly ex- 
plored according to the precepts empha- 
sized by Laroche, ReMine '? and their as- 
sociates. Excellent long-term results are ob- 
tained in a majority of patients. 

When no tumor can be grossly identified 
in the pancreas or in the sites of aberrant 
tissue, it is our preference to do an empiric 
resection of the body and tail of the pan- 
creas. Serial sections of the specimen by the 
surgical pathologist can be expected to 
identify a small beta cell tumor in 40 to 
50% of patients.’ If no tumor can be found 
in the sectioned specimen and portal vein 
blood sugar remains unchanged, the sur- 
geon must seriously consider further ex- 
cision of the pancreatic head. Under these 
circumstances in patients with proven en- 
dogenous hyperinsulinism it is most prob- 
able that a beta cell islet tumor exists in 
the head of the pancreas. Although experi- 
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ence is minimal, the 90 to 9596 pos 
pancreatectomy procedure of Fry and 
Child* as suggested by Williams et al.:5 
seems to be the next logical step in these 
unique circumstances, rather than comple- 
tion of total pancreatectomy. 
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Discussion 


Dr. CannmGTON WiLLiAMs, Jr. (Richmond): 
This has been an excellent discussion of an interest- 
ing endocrinologic disturbance which necessitates 
prompt surgical treatment to avoid the severe 
cerebral disturbances that are related to prolonged 
hypoglycemia. 

*In this series, as in all others, it is striking 
that many of these cases are not diagnosed for 
years. Drs. Scott and Clarke were kind enough 
to allow me to review their manuscript, and I 
would like to make a few remarks conceming it. 

I was pleased to see that the authors stressed 
the continuing validity of Whipple's triad, and 
also that they consider prolonged fasting with 
serial measurements of serum glucose and insulin 
as the most reliable diagnostic test. Their case 
reports emphasize the necessity for very thorough 
exploration. of the pancreas, and in several of 
their cases adenomas of the head required careful 
search, and in one case a Whipple procedure. 

One of their patients had eight separate 
adenomas, and I reemphasize this because multi- 
plicity of islet cell adenomas is estimated to occur 
in only 10 per cent of the occurrences. 

Dr. Scott referred to one patient, a nurse, who 
presumably had been administering insulin to her- 
self for unknown reasons and was precipitating 
spells of hypoglycemia. It is quite interesting that 
we had a patient in Richmond several years ago 
who also was a nurse, suspected of having factitious 
hypoglycemia. After very diligent observation and 
search a syringe was found hidden in her vagina. 
This patient was proven to have had factitious 
hypoglycemia. 


Da. Joun R. Brooxs (Boston): There was a 
time, not too distant, when it was impossible to 
make an accurate preoperative diagnosis of in- 
sulinoma, and as a result the surgeon had his 
hands full when, on opening the abdomen, he 
found there was no palpable tumor present. To- 
day, with our present technic, we should be able 
to be 95 per cent accurate in diagnosing an in- 
sulinoma preoperatively, even if an arteriogram 
fails to show the lesion. We feel that if a patient 
has Whipple’s triad; that if the tolbutamide test 
is positive; that if the serum insulin is elevated; 
and if there is no extrapancreatic hypoglycemic 
substance being produced, then the surgeon 
should be more aggressive. If he fails to palpate a 
single small tumor in the pancreatic substance, 
he should start at the tail and approaching the 
head, remove more and more pancreatic tissue, 
all the while monitoring the blood glucose. Blood 
glucose will go up as soon as the tumor comes 
out, within 15 or 20 minutes, in our experience, 
and when the tumor has finally been removed, he 
will see blood glucose rise, and it will continue 
on, consistently higher and higher. It is our 
belief that you should do this if your preoperative 
tests are conclusive, and if you cannot palpate the 
tumor. In two cases we have ended up doing a 


70 to 80 per cent removal of the pancreas in order 
to find the tumor and to get a rise in serum 
glucose. 


Dr. Freperrck H. Bowen (Jacksonville): I 
think all of us will get into a situation at times 
where we cannot find the tumor and will resort to 
an 80 per cent pancreatectomy, or removal of 
portions of the pancreas, to find the tumor. And 
after we have done this, I think it is a good idea 
to go back and take another look at the head of 
the pancreas, because this maneuver served me 
very well in the following case. 

A 48-year-old woman whom I first saw in 
1955 had been having seizures for the preceding 
2 years. These seizures occurred usually during 
the night; and she would void involuntarily with 
many of these episodes, but she never defecated 
involuntarily and had never bitten her tongue. 
She foamed at the mouth with these episodes 
and fell from the bed to the floor when a seizure 
occurred. 

The family history showed that the patient's 
father had died of diabetes. There was no other 
family history of diabetes. The patient had been 
in a psychiatric hospital on two different occasions 
in the preceding 2 years, with a diagnosis of 
schizophrenia. 

Physical examination revealed no abnormalities 
except that the patient slurred her speech when 
she talked. The laboratory studies revealed that 
the VDRL was positive. One fasting blood sugar 
was 34 mg./100 ml. 

At operation, through a transverse abdominal 
incision, the pancreas was exposed through the 
gastrocolic ligament, and the anterior surface of 
the pancreas was exposed, and the head of the 
pancreas was examined and no tumor was found. 
The duodenum was mobilized and further explora- 
tion revealed no tumor. The short gastric and 
splenic vessels were ligated, and using the spleen 
as a handle, the tail and body of the pancreas were 
resected, removing about 80 per cent of the organ. 
The uncinate process of the pancreas was then 
mobilized at this point, and a tumor which mea- 
sured 1 cm. in diameter was found. The pancreatic 
tissue overlying it was incised, and the tumor was. 
easily removed. 

The patient recovered from the operation with 
no difficulty, and had sugar in her urine for a few 
days, which gradually cleared. She was asympto- 
matic when she was last seen, 2 years after 
operation. Five years after operation I filled out 
an insurance form certifying that she could take 
out life insurance, but I have not seen her, 

In conclusion, I would like to emphasize that 
you ought to take one more Jook at the head of 
the pancreas after you have resected the tail. 


Dr. Wurm C. McGarrry (Atlanta): I wish 
to emphasize the value of preoperative angiog- 
raphy in localizing the tumor. 

(Slide) This is a patient who had the typical 
symptoms of insulinoma and had preoperative 
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selective arteriograms with insertion of the cath- 
eter in the celiac axle. 

(Slide) The next slide shows a late venous 
phase with a cherry-like tumor stain in the 
area of the head of the pancreas. Actually, you 
can see the vein draining the tumor. 

(Slide) I think this bears out the importance 
of preoperative localization, because even know- 
ing the tumor was in this area, the lesion was 
not easy to palpate at the operative procedure. 
The tumor was found deeply buried in the head 
of the pancreas, and required a Whipple resection. 

(Slide) This shows a cut section of the 
adenoma in the head of the pancreas. 

(Slide) Next is a close-up, showing the rela- 
tionship of the large adenoma in the head of 
the pancreas to the common duct, with a probe 
in the common duct. 

(Slide) This is a close-up of the cut section 
of the adenoma. 

(Slide) This is another case with selective 
arteriogram with a catheter in the celiac axis, 
showing a tumor stain at the junction of the body 
and tail of the pancreas. 

(Slide) This is still a later venous phase, show- 
ing the tumor stain in the same area. 

(Slide) Resection was required because we 
were unable to enucleate the lesion. 

(Slide) This shows two adenomas, and em- 
phasizes one of the disadvantages of arteriograms. 
The second adenoma is seen in the tail and 
measures less than 0.5 cm. One must always 
look for another adenoma, even though you see 
only one on the arteriogram, because they will 
not, as a general rule, show if they are less than 
a half centimeter in size. There are others that 
will not give a tumor stain if they are not as 
vascular as most of the adenomas. 

(Slide) This is a third case—the last case— 
showing a tumor stain in the head of the pancreas. 

(Slide) We were able to enucleate this tumor, 
similar to one that Dr. Scott showed. 

(Slide) The next shows the cut section of the 
tumor. 

We found that arteriography will show the 
tumor in about 50 to 70 per cent of the cases, 
and we feel it is a very helpful procedure. 


Dn. D. O. Fenris (Rochester): I certainly en- 
joyed the masterful presentation that Dr. Scott 
gave of a very interesting subject, and I want 
to emphasize what he emphasized in the diagnosis 
of these cases: the prolonged fast. By "prolonged 
fast" I mean up to 72 hours. 

Four years ago at the Western Surgical As- 
sociation meeting I presented our experience with 
154 tumors causing hyperinsulinism. Eleven per 
cent were malignant. The tumors were multiple in 
5 per cent of the cases. 

When I returned home, I decided that if we 
had multiple tumors in 5 per cent of cases, I 
would like a little more information during 
surgical exploration of these cases, and we added 
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selective arteriography and the monitoring of 
blooc glucose during operation. 

You have seen some excellent slides from the 
immediately previous  discussor on selective 
arterbgrephy. 

(slide) In the last 4 years I have had nine 
patients. We did selective arteriography in all 
except the first, and, as you see, the fourth from 
the bottom is a case of multiple tumors. The 
third from the bottom is carcinoma, one of nine 
cases; again, carcinoma occurred in 11 per cent 
of the occurrences, 

I want to compliment Bill Scott, in that my 
figure for multiple tumors is seven, but he beat me 
by one. 

Monitoring the blood sugar during operation, 
we used the glucose oxidase method in the early 
cases, and then, more recently, the oxygen sensor 
method, which uses 0.2 ec. of blood and gives 
us a -epart within 10 seconds. As you can see in 
the column—hyperglycemia rebounds in minutes. 

The greatest delay we had was with carci- 
noma the only male patient in the group, 25 
minutes. The peak blood glucose in mg./100 ml. 
that Hllowed the removal of the functioning tumor 
was 357; and as you see, all of them were 
markedly elevated. 

One of the other interesting things we did 
was tbo monitor the blood insulin levels also. Our 
radioimmunoprecipitation assay takes 4 days; but 
we hed this delayed information which to me was 
very, very valuable. 

The next to the last column shows how long 
it was before the fasting blood glucose level re- 
turned to the normal range. The longest delay, 
as ycu can see in the column, was 7 days. 
Appasently the islet cells were so atrophie or so 
suppressed by the function of the insulin-produc- 
ing tcmor that it took them that long to recover. 

Tken the insulin assay bore out exactly our 
findinzs on the blood glucose. It confirmed our 
blood gluzose rebound in every single case. 

I world also like to say that in the eight 
patients in whom we did selective arteriography, 
if we included the retrospective view of the patient 
with zeven tumors, then we disposed the tumors 
accuretely in 75 per cent. This is a tremendous 
help © the surgeon. 


Dr. RecHarp Fep (Centerville): Thank you, 
Dr. Szott. for another great presentation on in- 
sulinomas, which we too have been interested in 
down in Mississippi. I would like to have Dr. Jim 
Hardy with me, because he has been a real 
activa-or down our way in his interest in this type 
of tumor, and he did two operative procedures on 
the pstient I would like to present very briefly. 

W.th Dr. Scott's permission, we would like 
to maxe two observations regarding the malignant 
insulirome, and both have been shown in this 
case. 

(Side! This is a 59-year-old man, and this 
picture was taken 2 weeks ago. In 1963 we 
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initially operated on this man, and removed a 340 
Gm. malignant insulinoma. This man’s longevity, 
I am sure, is dependent upon a conversation we 
had with Dr. Warren the night before operation, 
in which he admonished us to remove the tumor 
if at all possible. We did so. He did well for 4 
years. In 1967 his symptoms reoccurred. Dr. 
Hardy at that time operated upon him and re- 
moved another large tumor. 

He did well until 1970, when his symptoms 
recurred, We operated upon him again. This 
time, however, we were whipped. There were 
massive liver metastases, and we were unable to 
remove any tumor. 

Therein lies the first point with an islet cell 
carcinoma, These are usually low grade, slow 
growers, As Dr. Warren reminds us, they can be 
removed, and these patients can live a long time, 
even in palliation. 

Following the operation in November, 1970, we 
first tried Diazoxide, unsuccessfully; on this man. 
Then in August of this year, at which time he 
was having a hypoglycemic episode every 3 hours, 
he set his alarm clock to eat to stay alive. We 
tried an interesting new antibiotic, streptozotocin. 
Since that time we have given him transarterial 
infusion, through the celiac axis, of Streptozotocin. 
His blood sugar level has been normal. He has 
had no hypoglycemic attacks, and we have been 
very impressed over this short interval with the 
palliation of this antibiotic, Streptozotocin. 

We enjoyed Dr. Scott’s paper very much. I 
would like to ask him and his group of their 
interest in Streptozotocin, and would it be pos- 
sible that we might even, with this drug, treat 
those benign cases of insulinoma which we cannot 
find at operation. 


Dr. KennetTH W. Warren (Boston): Dr. 
Scott has shown my slides, so I do not have to 
repeat them. 

Dr. Richard Field called me the night before 
he did his remarkable operation. I urged him on, 
described how complicated this would be, in the 
expectation that he would send the patient up to 
Boston. But he decided to do it himself, and he did 
it well, 

I think most of the features have been 
covered here. I would like to emphasize one thing. 
If you operate upon a large number of these 
patients, you will find the tumor in about 80 to 
85 per cent of cases. With arteriography we are 
going to find more. 

Three per cent of these tumors are aberrant, 
and one should always look for the usual areas 
where an aberrant tumor may be before one does 
a distal pancreatectomy. 

I would like to emphasize also that some of 
these patients have large retroperitoneal fibromas, 
and that they produce the same symptoms. These 
tumors, despite their size, can be removed. 

We have one patient with massive liver 
metastases, treated by continuous, long-term 
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hepatic arterial infusion with 5-FU, who lived 
comfortably for 3 or 4 years with massive 
metastasis. 

Dr. Scott has covered this subject compre- 
hensively. Above all, he has emphasized that the 
simpler tests, and especially the starvation test, is 
far superior to any exotic test that has yet been 
devised. 


Dr. Joan Donatp (Mobile): I wish to call 
attention to the complication of pancreatic pseudo- 
cyst. 

Dr. Scott mentioned in his paper one patient 
in his series of 13 who developed this complica- 
tion and died 6 months later. We experienced the 
complication of pancreatic pseudocyst a few 
months ago. The pseudocyst developed despite 
what we considered very careful technic in re- 
moval of the insulinoma. Fortunately, this patient’s 
pseudocyst was handled very easily by a cysto- 
gastrostomy, and he made a complete recovery. 

I believe that this complication occurs more 
frequently than is realized. There are not very 
many surgeons who have had a large enough 
experience with this procedure to justify report- 
ing their results, and therefore I do not believe 
we have accurate figures on the actual incidence 
of this complication following surgery for in- 
sulinoma. 

I therefore would like to ask Dr. Scott 
whether cr not he thinks that good drainage is 
essential after distal pancreatectomy or excision of 
the insulinoma. We feel that it is, and should 


. include sump drainage. But even then I have a 


feeling that this is not always adequate. I would 
like to ask him if he feels that good drainage 
alone is adequate in preventing this complica- 
tion, or should we consider some other pro- 
cedure, such as pancreatojejunostomy? 


Dr. Joun Howanp (Chester): In addition to 
reiterating the validity of the two advances made 
—namely, the measurement of serum insul levels 
and the use of selective arteriography in the 
localization of the tumor—I would like to say 
that pancreatography at operation may help to 
localize these tumors. 

In the normal pancreas, if one injects the 
pancreatic duct and overdistends it slightly, one 
gets a diffuse blush of the pancreas. A negative 
shadow may be demonstrated by a space-taking 
nonasinar tumor. This may prove of help in 
localizing it at the operating table. 

Finally, I would like to say that I have seen 
one patient with a metastatic lesion to the liver 
from an islet cell carcinoma, proved at operation 
and proved at autopsy, who survived without 
definitive therapy for a period of 10 years be- 
tween the demonstration of the hepatic metastasis 
and death. 


Dr. MicHaEL Change (Closing): Dr. Donald, 
yes, we definitely drain all these instances, In 
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every instance in our series the pancreatic resec- 
tion was drained. In 14 of the 15 resections a 
Penrose drain was used, and in one a sump 
drain was used. We had one fistula which cleared 
in approximately a month’s time. 

To Dr. Field’s question, I cannot comment 
knowledgeably about Streptozotocin. We have not 
used it. 

Dr. Marion S. DeWeese, from the University 
of Missouri, had hoped to comment on this paper, 
but he left this morning, so I am going to show 
his patient. 

(Slide) He had the difficult experience of 
having the preoperative diagnosis of an insulinoma 
primarily by Whipple's triad. He did the distal 
pancreatectomy, as we have suggested, found no 
adenoma in serial sections. He then went ahead 
with serial sections of the head up to a 95 per 
cent pancreatectomy. The adenoma was still not 
found, He had the courage of his convictions, and 
did the total pancreatectomy, and a small adenoma 
was found in the specimen. 

(Slide) That shows the adenoma. 

(Slide) The next slide is the patient post- 
operative. He is doing well. He takes insulin and 
oral pancreatic enzymes. 

I want to reiterate the need for concomitantly 
obtained serum insulin and sugar. They are most 
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diagnostic during the prolonged fast. The onl 
type of hypoglycemia we cannot rule out wit 
this type of evaluation is the factitious hypc 
glycemia due to self-administered insulin. This wa 
beautifully brought out by Dr. Williams’ case. 

I certainly want to reiterate that wedge re 
section has no place in the pancreatic surgery fc 
these adenomas. 

Postoperatively, our experience was similar t 
the other discussants. The blood sugar rises ver 
rapidly, and is a very good indicator of whethe 
one has removed all the adenomatous tissue. 

We do have one experience of a sarcom 
which secreted “an insulin-like substance." Thi 
patient was evaluated with serum insulins, simils 
to the way in which we would evaluate any othe 
patient with Whipple’s triad, and the insulins wer 
not at all elevated. 

Arteriography in our experience has not bee 
as helpful as it has been in others’, For instance 
we hac one 43 mm. tumor which was not re 
vealed on arteriography. It was located in the ta 
of the pancreas. 

In conclusion, I would say that these are ver 
fascinating occurrences and, if evaluated proper] 
as we have suggested, and carefully operate 
upon, s Dr. Scott has outlined, the results a: 


very gratifying. 


Current Concepts in the Management of Arteriosclerotic 
Lesions of the Subclavian and Vertebral Arteries 


WitLIAM H. Epwarps, M.D., Ross S. Wricut, M.D. 


From the Department of Surgery, Vanderbilt University Medical Center, 
Surgical Services of St. Thomas Hospital, and the Edwards-Eve Clinic, 
Nashville, Tennessee 


THE DiAGNOSIS and surgical management 
of arteriosclerotic lesions of the extracranial 
portions of the internal carotid artery has 
become fairly standard in the past decade. 
Symptomatic stenotic lesions involving the 
subclavian-vertebral arterial system, with- 
out carotid artery involvement, are not 
as readily appreciated. Complete arterio- 
graphic evaluation of the brachiocephalic 
circulation is necessary to demonstrate all 
lesions, which must be correlated with the 
patients clinical symptoms. 

Stenosis or complete occlusion of the sub- 
clavian or innominate artery proximal to 
the vertebral artery decreases flow into the 
vertebral artery, and, in addition, creates 
the possibility of reversal of flow in the 
vertebral artery. This situation was first de- 
scribed in 1960 by Contorni® and was 
termed “subclavian steal” by Reivich !5 in 
1961. 

Surgical correction of symptomatic le- 
sions of the subclavian-vertebral arterial 
system offers the only hope to the patient 
for relief. The type of operation to be used 
continues to be controversial. Endarterec- 
tomy * has been the most frequently uti- 
lized procedure, but because of the an- 
atomic location of the obstructing lesions in 
the subclavian artery and technical diffi- 
culties involved, alternative methods of 
treatment have been sought. Bypass grafts, 
originating from the aortic arch have 
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proved effective in relief of symptoms,‘ but 
also carry a formidable mortality. The use 
of an extrathoracic approach with bypass 5 
graft technic has improved the mortality 
with continued good results. Our surgical 
approach in the management of stenotic le- 
sions of the subclavian-vertebral arterial 
system forms the basis for this report. 


Material 


In a group of 270 patients evaluated for 
cerebral ischemia, 38 had significant steno- 
sis or complete obstruction of the left sub- 
clavian or vertebral arteries. One patient 
had complete occlusion of the innominate 
artery. Forty-two operations were per- 
formed to restore cerebral flow in these 39 
patients. 'Thirteen patients had involvement 
of the origin of the right or left vertebral 
artery only while three had significant sub- 
clavian artery involvement in addition to 
the vertebral artery stenosis (Fig. 2). Of 
the 13 patients who had disease limited to 
the origin of the vertebral artery only, three 
required bilateral operation. Twenty-five 
patients exhibited stenosis or complete oc- 
clusion of the left subclavian artery prox- 
imal to the vertebral artery. The right sub- 
clavian artery was not involved in any of 
the patients in this series. The propensity 
for arteriosclerotic occlusive disease to oc- 
cur at the origin of major vessels and the 
bifurcation of vessels where turbulence is 
greatest is well recognized, but the cause 
for the greater occurrence in the left sub- 
clavian artery is unexplained. Men outnum- 
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CLINICAL SYMPTOMS 
(Brachiocepholic Evaluation in 270 Patients) 
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Fic. 1. Clinical symptoms—brachiocephalic 
evaluation in 270 patients. 


bered women four to one (31 men and 
eight women). The youngest patient in the 
series was a 4l]-year-old man while the 
oldest was a 77-year-old man. The etiology 
in all cases was believed to be arterio- 
sclerosis. 

The clinical manifestations of vertebro- 
basilar insufficiency, although well recog- 
nized, are frequently neglected in the 
evaluation of patients with cerebral ische- 
mia. Dizziness was the most frequently en- 
countered symptom, occurring in 30 pa- 
tients (Fig. 1). Ataxia and visual disturb- 
ances occurred in 17 and 16 patients, re- 
spectively. Motor-sensory changes which 
most frequently involved the face, mouth 
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Fic. 2. Thirty-nine patients with 42 involved sites. 
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TABLE 1. Physical Findings 


Bruit 25 
Diferential in Blood Pressure 26 
>20 mm. Hg-23 
<20 mm. Hg- 3 
Ischemic Changes in Fingers 4 





or tongue were seen in nine patients. Nine 
patients with innominate or subclavian ar- 
tery stenosis had no cerebral symptoms, but 
had claudication or ischemic changes of the 
arms or hands. 

A supraclavicular bruit was heard in 25 
patients (Table 1). All of the patients with 
subclavian or innominate artery stenosis had 
differential blood pressures between the two 
arms. This differential was greater than 20 
mm. Hg in 23 patients. In the nine patients 
with claudication of the arms, ischemic 
changes in the fingers was evident in four. 

The surgical procedures employed are 
shown in Table 2. Endarterectomy with a 
Dacron or vein patch was the most fre- 
quently used operation (31 cases). A left 
thoracotomy was used in 11 paitents while 
the sternum was divided partially or com- 
pletely in eight cases in those patients with 
innominate or subclavian artery disease. 
The extrathoracic approach as advocated 
by Crawford * et al. to lower mortality, was 
used in our last eight patients. Instead of 
a Dacron or vein bypass,» 114 we per- 
formed a side-to-side carotid-to-subclavian 
artery anastomosis in six patients and in 
two instances a vertebral-to-carotid artery 
side-to-side anastomosis was used. 

Rob ?* reported relief of symptoms with 
ligation of the vertebral artery in which 
there was reversal of flow into the subcla- 
vian artery. Blaisdell ? also mentioned liga- 


TABLE 2. Type Operation 


Endartarectomy with Patch Graft 31 
Bypass Graft 2 
Ligature of Vertebral 1 
Side-to-Side Anastomosis 8 
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tion of the vertebral artery as a simple 
operation to afford relief from the subcla- 
vian steal. Alternate approaches now avail- 
able for the treatment of cerebral ischemia 
makes ligation of the vertebral artery un- 
necessary. This procedure was performed 
in one patient without relief of symptoms. 

The one operative death in the series re- 
sulted from cardiac arrythmia secondary to 
rapid, excessive loss of blood from an un- 
controlled tear in the aortic arch. Wound 
infection which occurred twice led to no 
further difficulties. A prolonged collection 
of lymph occurred in one patient as result 
of injury to the thoracic duct. 

The results of surgical therapy reaffirms 
that restoration of flow offers the only relief 
of symptoms (Table 3). Twenty-nine pa- 
tients were asymptomatic or markedly im- 
proved following operation (42 operations 
performed ). One patient died of myocardial 
infarction shortly after discharge from the 
hospital. Symptoms of vertebro-basilar in- 
sufficiency have been unrelieved in eight 
patients. Arteriograms in three patients re- 
vealed occlusion of the surgically treated 
vessels. 


Treatment 


The symptoms related to stenotic lesions 
involving the proximal portion of the in- 
nominate and left subclavian arteries can 
be relieved by surgical treatment. Because 
of the morbidity and mortality associated 
with an intrathoracic approach, alternate 
methods of restoring flow have been suc- 
cessfully achieved. Crawford * stated that 
the mortality decreased from 22 to 5% with 
an extrathoracic approach and bypass graft 
technic. 

The use of the common carotid artery to 
restore flow into the subclavian artery has 
been criticized because of the potential 
siphoning of blood from the distal carotid 
artery.^ * Excellent experimental studies by 
Lord and Ehrenfeld and Barner et al.: 
have failed to confirm these suspicions. In 
their studies, carried out in dogs, they found 


TABLE 3. Long-Term Resulis 


(42 Operations) 
Asymptomatic or Markedly Improved 29 
Symptomatic 8 
Death 2 


no evidence of decreased distal carotid ar- 
tery flow in the absence of significant prox- 
imal carotid artery stenosis. Harper et al. 
however, felt that their animal studies 
showed a potential hazardous situation of 
decreased distal carotid artery flow. They 
report that a side-to-side carotid-subclavian 
anastomosis is anatomically and physio- 
logically more appealing than a synthetic 
bypass graft. 

We have performed carotid-to-subclavian 
artery side-to-side anastomoses in the last 
six patients surgically treated for symp- 
tomatic proximal subclavian artery stenosis. 
The operative technic will be described in 
more detail. 

The approach for a side-to-side anastomo- 
sis differs somewhat from the usual supra- 
clavicular approach for a bypass procedure 
which utilizes the third portion of the sub- 





Fic. 3. The skin incision over the medial third 
of the clavicle. 
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Fic. 4. Division of the strap muscles allows easy 
exposure of the subclavian artery. 


clavian artery lateral to the scalenus anticus 
muscle. The first portion of the subclavian 
artery as it arises through the thoracic out- 
let posterior and parallel to the common 
carotid artery is approached with an inci- 
sion extending from the medial head of the 
lavicle into the supraclavicular space ( Fig. 
3). This dissection necessitates division of 
the sternocleidomastoid and strap muscles, 
medial to the scalenus anticus muscle ( Fig. 
4). The medial third of the clavicle may be 
resected to facilitate exposure. The recur- 
rent laryngeal nerve lies posterior to the 
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subclavian artery as it courses up to the 
tracheo-esophageal groove. Care must be 
taken not to injure the nerve in the dissec- 
tion. The common carotid and subclavian 
arteries lie in close proximity for several 
centimeters as shown in Figure 3. A one 
to 1.5 centimeter anastomosis is performed 
using a continuous 6-0 ethiflex suture. Fol- 
low-up angiograms in the last five patients 
have revealed widely patent anastomoses 
without angulation at the site of anastomo- 
sis. All patients have been relieved of 
symptoms. 

Cerebral ischemia during the occlusion 
of the common carotid artery has not been 
evident. The flow of the external carotid 
artery is available to the internal carotid 
artery during the short period of time neces- 
sary to complete the anastomossis. Thomp- 
son,'® however, uses an internal shunt when 
performing bypass grafts from the common 
carotid artery. Occlusive disease in the con- 
tralateral carotid artery would necessitate a 
shunt. Distal disease at the carotid artery 
bifurcation should be corrected before the 
subclavian arterial lesion is treated. Re- 
gional heparinization rather than systemic 
use of heparin minimizes the risk of bleed- 
ing problems. Case histories of patients 
treated by this technic are cited briefly. 


Fic. 5A (Left). Marked 
stenosis at the origin of 
the subclavian artery. 


Fic. 5B ( Right). Ret- 
rograde brachial arterio- 
gram reveals no angula- 
tion at anastomosis. 


MANAGEMENT OF ARTERIOSCLEROTIC LESIONS 079 


Fic. 6A (Left). 6B 
(Right). An arch aorto- 
gram reveals the subcla- 
vian stenosis where a se- 
lective arteriogram (B) 
demonstrates the marked 
narrowing. 


Case Reports 


Case 1. A 54-year-old woman had transient 
blurring of vision and numbness of the lips and 
tongue for 8 months. The symptoms were increas- 
ing in frequency up to five times a day, lasting 
from one to 10 minutes. A loud left supraclavicular 
bruit was heard with a decrease in the brachial 
and radial pulses and a 30 mm. lower blood pres- 
sure on the left. Arteriography revealed a minimal 
right internal carotid artery stenosis with 90 per 
cent stenosis of the left subclavian artery and a 
large patent left vertebral artery (Fig. 5A). The 
left carotid artery showed no disease. Through a 
supraclavicular approach a carotid-to-subclavian 
arterial anastomosis was performed. Arteriogram 
revealed a widely patent anastomosis (Fig. 5B). 
The patient has been relieved of all symptoms 


Case 2. A 51-year-old woman had been under- 
going treatment for signs and symptoms believed 
to be Raynaud’s disease. She had pain, numbness, 
tingling and discoloration of the fingers of her left 
hand. She had been treated for Meniers disease 
about one year previously. Evaluation revealed 
a loud supraclavicular bruit with diminution of 
brachial and radial pulses and a 30 mm. differen- 
tial of blood pressure. Arch angiography revealed 
a widely patent left common carotid artery with 
marked stenosis of the left subclavian artery 
(Fig. 6A & B). Carotid-subclavian arterial anas- 
tomosis through a supraclavicular incision equalized 
the pressure in the arms with immediate relief of 
symptoms in the fingers. Follow-up angiogram 
showed a functioning anastomosis (Fig. 7). 





Case 3. A 64-year-old electrician was first 
treated in 1970 for aorto-iliac occlusive disease. 
A Dacron aorto-femoral bypass graft was used to 








Fic. 7. Retrograde brachial arteriogram reveals 
the anastomosis while the proximal subclavian has 
thrombosed. 
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relieve symptoms of claudication. In April of 1971 
an acutely inflamed gallbladder was removed with 
an uneventful postoperative course. He was seen 
again in September of 1971 with a 5-week history 
of severe dizziness brought on by bending over or 
sudden movement of the head. The episodes were 
severe and disabling. Retrograde brachial arterio- 
grams revealed widely patent carotid arteries, but 
severe stenosis of the origin of the left subclavian 
artery (Fig. 8A). The right vertberal artery did 
not fill. A side-to-side carotid-subclavian arterial 
anastomosis (Figure 8B) has led to relief of 


symptoms. 
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Fic. 8A (Left). Steno- 
sis at the origin of the 
left subclavian; the left 
common carotid filled 
from the right brachial 
injection. 

Fic. 8B (Right). A 
widely patent anastomo- 
sis is present proximal to 
the vertebral artery origin. 


Comment: No technical difficulties were 
encountered in this small number of anasto- 
moses. The location of obstructing lesions 
near the origin of the vertebral artery would 
make such an anastomosis difficult and an 
alternative method would be preferable. In 
situations such as Case 2 with the possibil- 
ity of emboli to the digital arteries, ligation 
of the subclavian artery proximal to the 
anastomosis would be advisable. The fol- 
low-up angiograms show this to have oc- 


Fic. 9A (Left). Small 
branches of the thyro- 
cervical origin obscures 
the origin of the stenotic 
right vertebral artery. 


Fic. 9B (Right). The 
left vertebral artery shows 
no filing and arterio- 
sclerotic plaques are vis- 
ible along the subclavian 
artery. 
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curred. An alternative approach for such a 
situation would be an end-to-side anastomo- 
sis between the subclavian and carotid ar- 
teries as reported by Parrott.” 


Discussion 


The hemodynamic changes which occur 
in proximal subclavian arterial stenosis have 
been adequately described by surgeons, ra- 
diologists and neurologists. Since Reivich +° 
used the term “subclavian steal” to account 
for the vertebro-basilar symptoms in prox- 
imal subclavian artery occlusion, emphasis 
has been placed on this phenomena. In 
order to adequately demonstrate the pres- 
ence of retrograde vertebral flow, sequence 
arch aortography must be used. This tech- 
nic is perfectly satisfactory, but retrograde 
brachial arteriography also gives excellent 
visualization of the proximal subclavian and 
vertebral arteries. The retrograde vertebral 
flow is not demonstrated by this method, 
but in a symptomatic patient such a finding 
is actually not essential. 

Controversy exists regarding the necessity 
for visualization of the entire brachio- 
cephalic circulation in patients with cere- 
bral symptoms.'? DeBakey * has stressed the 
important concept of the totality of cerebral 
blood flow. Adequate visualization of all 
intra- and extracranial vessels is necessary 
to evaluate lesions. We feel that this is best 
accomplished by percutaneous retrograde 
brachial arteriography as described by Mar- 
shall.*? Percutaneous left carotid arterio- 
grams demonstrate the left carotid arterial 
circulation. Arch aortography is reserved 
for those patients in whom lesions require 
visualization of the proximal left common 
carotid artery or in patients in whom, for 
one reason or another, we have been unable 
to achieve good quality films. 

As complete evaluation of the subclavian- 
vertebral arterial circulation has been ac- 
complished, better understanding of the 
relationship of the vertebral arterial flow to 
the totality of cerebral flow has become 
possible. 





K 


Fic. 10. The widely patent vertebral seen with 
retrograde brachial arteriogram. 


Case 5. A 55-year-old postal clerk was ad- 
mitted with acute femoral and popliteal occlusive 
disease of 3 days’ duration. In obtaining the his- 
tory, he stated that he had severe ataxia with dis- 
abling dizziness. A loud bruit was audible in the 
right supraclavicular region. Following correction 
of his femoral arterial occlusion, cerebral arteriog- 
raphy was performed (Fig. 9A & B). The carotid 
system was free of disease. The left vertebral artery 
was completely occluded while the right, a large 
vessel, was almost completely occluded. Endarter- 
ectomy with vein patch which was performed 
(Fig. 10) relieved the symptoms and he has re- 
mained well for 18 months. 

Comment: The presence of a significant 
stenosis in patients with only one patent 
vertebral artery was seen in seven patients, 
all of whom were symptomatic. All patients 
were free of carotid artery disease. 

Case 6. A 57-year-old physical education in- 
structor had an aorto-iliac endarterectomy in 1963 
for occlusive disease. Four years later he developed 
gradual onset of headaches, dizziness and visual 
changes. There was a bruit in the left supraclavicu- 
lar area. Arteriograms (Fig. 11A & B) revealed 
marked stenosis in the left vertebral artery with 


082 EDWARDS 





slight narrowing in the right vertebral artery. The 
carotid arteries were normal. Endarterectomy on 
the left with vein patch graft relieved the symp- 
toms. He has continued to have no further diffi- 
culties. 


Comment: Five additional symptomatic 
patients had significant stenosis involving 
only one vertebral artery, the other remain- 
ing patent. Although less frequent than the 
situation in Case 5, it is evident that symp- 
toms can occur with involvement of only 
one vertebral artery. 

In this series carotid endarterectomy was 
performed in eight patients. In five patients 
the time period between carotid and sub- 
clavian-vertebral operation was 1 to 5 years, 
while in three patients the two procedures 
were carried out during the same hos- 
pitalization. 


Case 7. A 55-year-old man was admitted with 


weakness and numbness of the left arm for 3 
months’ duration with dizziness and ataxia. A bruit 
was heard in the right neck. Arteriograms (Fig. 
12) showed marked right internal carotid artery 
stenosis and minimal right vertebral artery steno- 
sis. Carotid endarterectomy with patch graft was 
performed and the patient responded well. One 
year later he was re-evaluated for continued dizzi- 
ness. atatxia, and diplopia. At this time (Fig. 13) 
he had marked subclavian-vertebral stenosis on the 
left. This, in conjunction with the stenosis of the 
right vertebral artery, was felt to account for the 
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Fic. 11A (Left). 11B 
(Right). Bilateral verte- 
bral narrowing more 
marked on the left with 
subclavian artery involve- 
ment. Carotid circulation 
was normal. 


continued symptoms. Endarterectomy with patch 
graft of the left vertebral artery relieved symptoms 
and he has been well for 6 years. 

Comment: Carotid endarterectomy cor- 
rected the symptoms related to the left arm, 


Fic. 12. Marked stenosis of the right internal 
carotid artery visualized by retrograde brachial 
arteriogram. 
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Fic. 13. Stenosis of 
the origin of both verte- 
bral arteries, more marked 
on the left. 


but vertebro-basilar symptoms continued 
until the vertebral artery stenosis was re- 
lieved. 


Comments 


Since the term “subclavian steal” was 
used to describe the hemodynamics in- 
volved in proximal subclavian arterial steno- 
sis, undue emphasis has been placed on 
demonstrating this phenomenon in the as- 
sessment of symptomatic patients. Radio- 
graphic demonstration of existing lesions 
and a planned surgical approach which pro- 
vides the greatest relief of disabling symp- 
toms should be the surgeon’s objective. 
DeBakey has emphasized the importance 
of complete evaluation of cerebral flow in a 
concept of totality in cerebral flow. 

The technic of retrograde brachial ar- 
teriography as described by Marshall has 
yielded excellent diagnostic films with no 
complications. The left carotid artery is 
visualized by percutaneous arteriography. 

Increasing experience in the diagnosis and 
management of arteriosclerotic lesions of 
the subclavian and vertebral arteries has al- 
lowed surgical treatment with a low mor- 
bidity and mortality. Limiting the surgical 





approach to an extrathoracic incision has 
been generally accepted. 
A side-to-side carotid-to-subclavian ar- 


terial anastomosis is anatomically and 
physiologically sound and from experi- 
mental studies thus far carried out, there 
is no decrease in distal carotid artery flow. 
Study should continue to be certain that an 
unhealthy situation is not being created. If 
the findings indicate no carotid artery steal, 
continued evaluation of direct side-to-side 
anastomosis seems reasonable. 


Summary 


A review of 42 operations in 39 patients 
for subclavian-vertebral stenosis leads to 
these conclusions: 


l. Stenotic lesions of the subclavian- 
vertebral arterial system produce 
symptoms without concomitant carotid 


artery involvement. 


bo 


The technical improvements in the 
operative approach has led to im- 
proved morbidity and mortality. 

3. The side-to-side carotid-to-subclavian 
arterial anastomosis offers an anatomic 
and physiologic operation which we 
will continue to evaluate. 
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Criteria for Femoro-Femoral Bypass 


From Clinical and Hemodynamic Studies 
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THE FEMORO-FEMORAL BYPASS has not had 
widespread use for the treatment of uni- 
lateral iliac and common femoral artery oc- 
clusion since Vetto's? description in 1962. 
This may have resulted in part from a 
lack of criteria for successful placement 
of a graft eliminating the development of 
a femoral artery to femoral artery "steal 
syndrome." There have been few clinical 
guidelines to predict the occurrence of a 
steal phenomenon with shunting of blood 
from the donor limb to the recipient limb 
in sufficient volumes to produce adverse 
effects which are clinically evident. The 
paucity of published reports with long 
range results of this procedure, with the 
possibility that a single iliac artery may not 
provide sufficient inflow of blood to sup- 
port both legs, has led most vascular sur- 
geons to persist with the established meth- 
ods of aortoiliac and aortofemoral recon- 
struction. 
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A review of our clinical experience com- 
bined with studies using a model simulat- 
ing a femoro-femoral bypass, has helped us 
to develop criteria for performing this pro- 
cedure. 


Bypass Cases 


Seven patients who have undergone fem- 
oro-femoral bypasses from our surgical 
group practice, in addition to a patient of 
Dr. G. Robert Mason, have been reviewed. 

The patients ranged in age from 22 to 
54 years, and included five men and three 
women. The uncertainties associated with 
this procedure has reserved its use for cases 
in which there were contraindications to 
laparotomy necessary for the usual types of 
aortofemoral reconstruction. As a result it 
was employed in less than 3% of the pro- 
cedures which we have performed in the 
past 5 years for iliac and femoral arterial 
revascularization. 

The etiologies of the iliac or common 
femoral occlusions in the eight cases are 
listed in Table 1. The consequences of 
these occlusions were generally severe as 
shown in Table 2. Seven of the patients had 
urgent indications for restoration of the ar- 
terial circulation. 

The complicating conditions which made 
it desirable to avoid laparotomy are listed 
in Table 3. The femoro-femoral bypass was 
found to be well suited for patients with 
these problems since it could be performed 
in 1 to 2 hours, under light general or spi- 
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TABLE 1. Etiologies of Unilateral Iliac and Common 
Femoral Arterial Occlusions 


No. of Cases 


Atherothrombotic occlusions 5 
Occlusion of iliac limb of 
aortic prothesis 1 


Ligation during en bloc 
tumor resection 
Ligation after gunshot wound 


on | = = 


Total 


nal anesthesia, and without surgical entry 
into the abdomen. Blood transfusions were 
not required. Seven of the patients had the 
grafts placed anteriorly through the subcu- 
taneous tissue of the lower abdomen. To 
avoid a potentially infected abdominal 
wound, one graft was routed through the 
subcutaneous tissue of the perineum just 
posterior to the scrotum. The upper seg- 
ment of an autogenous saphenous vein 
seemed to make an ideal graft and was 
employed in six patients. In the other two 
patients Dacron prostheses were used for 
the bypasses. A vein graft is illustrated in 
Figure 1. 


Clinical Results 


An improvement in arterial blood flow to 
the recipient limbs of all eight patients was 
immediately evident following femoro-fem- 
oral bypass. However, in two instances, the 
shunting of blood to the recipient limb was 
at the expense of the donor limb. The fem- 
oral steal syndromes of these two patients 
were manifest by a prompt onset of severe 
ischemic symptoms in the donor limb. In 
one patient in whom a femoral steal syn- 
drome developed, a ligature was placed 


TABLE 2. Symptoms Resulting from Unilateral Iliac and 
Common Femoral Arterial Occlusions 





Indications for Bypass No. of Cases 





Threatened gangrene 
Rest pain 
Intermittent claudication 


o0 | —o— 0 


Total 
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TABLE 3. Contraindications to Laparotomy in Patients 


Having Femoro-Femoral Bypasses 


Poor risk patient 5 
Aged patient with massive abdominal adhesions 1 
Recent peritoneal contamination during tumor 


resection 1 
Recent abdominal trauma and abdominal wall : 
infection 1 
Total 8 


about the prosthetic graft and its lumen 
was narrowed until there was improvement 
in the donor leg circulation. In the other 
patient the femoro-femoral graft was oc- 
cluded to relieve the steal syndrome. 

The remaining six patients with femoro- 
femoral bypasses have all had relief of the 
ischemic symptoms for which they under- 
went operation. None has developed is- 
chemic symptoms in the donor leg. These 
six grafts, plus the graft which was surgi- 
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Fic. 1. Operative Diagram. Femoro-femoral bypass 
using reversed saphenous vein graft. 
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TABLE 4. Estimations of Patency of Parent Iliac Artery, and of Donor and 
Recipient Limb Peripheral Resistances 








Cases 1 2 3 4 5 6 7 8 
Stenosis iliac in Flow 0 Moderate 0 0 Marked 0 0 0 
Stenosis Stenosis 
* Donor resistance H H L H M L H L 
(A-K ampu- 
tation) 

Recipient Resistance L M L H L L H L 
“Steal” symptoms 0 Rest pain 0 0 Rest pain 0 0 0 


L = Low; M = Medium; H = High; O = Absent. 


cally constricted by a ligature to relieve a 
steal syndrome, have all maintained pat- 
ency for the duration of follow-up. The 
mean length of follow-up has been 17.4 
months, and the combined durations of 
graft patency for all seven patients has 
been 11.6 years. Three patients have died 
since operation, but none of the deaths 
were related to the bypass procedure. The 
remaining patients lived for the durations 
of the follow-up, and there was no deteri- 
oration of the arterial circulation of either 
lower extremity. 


Femoral Steal Syndrome 


The distribution of arterial occlusive 
changes obviously determined whether or 
not a steal syndrome would occur. The 
eight cases were reviewed for criteria to 
avoid this complication. First, excluding 
the patient with an amputation, it was 
noted that the two patients with steal syn- 
dromes were the only two in whom there 
was more occlusive disease in the donor 
limb than in the recipient limb. This indi- 
cated a differential in peripheral resistance 
which favored shunting away from the do- 
nor limb. Second, only patients with steal 
syndrome had reduced pulsations in the 
donor femoral artery. This indicated a ste- 
nosis in the parent iliac artery which could 
prevent a sufficient inflow of blood to per- 
fuse both legs. 

To quantitate these factors from palpa- 
tory and arteriographic findings, the follow- 


ing rating system was employed: (1) The 
presence or absence of iliac stenosis was 
determined by palpation of the common 
femoral pulse. Using a scale of 0 to 4 plus, 
a pulse was rated to have a volume of 
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Fic. 2. Model simulating aorta, parent iliac artery, 
femoro-femoral bypass, and limb circulations. 
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Fıc. 3. Model after introduction of iliac stenosis. 


either 3 plus or 4 plus which was indicative 
of a widely patent iliac artery. A 2 plus 
pulse was indicative of a moderate stenosis 
in the iliac artery, and 1 plus indicated 
marked stenosis. (2) The peripheral resist- 
ance was rated as low, medium or high, 
depending upon whether the superficial 
femoral artery was widely patent, patent 
with segments of stenosis, or occluded. 

The estimations of arterial inflow, and 
donor and recipient limb peripheral resist- 
ances in our patients are shown in Table 4. 
The two patients who developed symptoms 
of femoral steal syndrome had in common 
stenosis of the parent iliac arteries, plus 
greater peripheral resistance in the donor 
leg than in the recipient leg. 


Bypass Model 
To study the factors which can contrib- 
ute to a steal syndrome as suggested by the 
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case review, a model was made simulating 
a femoro-femoral bypass. The model is 
shown in Figure 2. Three eighths inch 
polyethylene tubing simulated the aorta, 
the parent iliac artery, the femoro-femoral 
bypass, and the peripheral circulations of 
the legs. Blood was passed through the sys- 
tem under a pressure of 45 mm. Hg. Di- 
rect flow measurements were taken with 
the graft occluded and open. None or vary- 
ing degrees of stenosis were introduced in 
the simulated iliac artery with a Hoffman 
clamp, as shown in Figure 3. Flow rates 
with different amounts of peripheral re- 
sistance were measured. Low, medium and 
high resistances were simulated by fitting 
18, 20, and 22 gauge intravenous needles 
to the point of outflow of the two lower 
limbs of the model. Figure 4 shows a com- 


AORTA 
R.IL. Iit. 
STEN. OCCLUSION 
HIGH LOW 


Pw 
RESISTANCE 


Fic. 4, Model after introduction of iliac ste- 
nosis and a higher peripheral resistance in donor 
limb. 
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TABLE 5. Blood Flow Studies before and after Introduction of Stenosis in Iliac Segment of Model, and 
with Varying Donor and Recipient Lower Limb Peripheral Resisiances 


tt eee Rt 





Graft Open 
Donor Recip. 
Donor Flow Flow Flow 
Study Iiac Donor Recipient (Alone) (ml./  (ml/ % Reduction Donor 
No. Stenosis Resistance Resistance (ml./min.) min. min.) Flow from “Steal’ 
1 0 L L 88 88 85.6 095 (No Steal 
Phenomenon) 
2 0 H L 16.2 15.6 91.6 2% 
3 Yes L L 51.6 29.6 29.6 43% 
4 Yes M L 33.8 14.8 42.8 56% 
5 Yes H L 15.8 4.6 51.8 71% 





L = Low;H = High; M = Medium; 0 = Absent. 


bination of high resistance in the donor 
limb and low in the recipient limb. 

The blood flow through the model is re- 
corded in ml./minute. Measurements were 
made with and without iliac stenosis and 
with varying amounts of peripheral resist- 
ance. The five variations of inflow and pe- 
ripheral resistance which best illustrate 
their contribution to the steal phenomenon 
are shown in Table 5, The studies were 
conducted by first measuring the donor limb 
blood flow. The graft was then opened, and 
the donor and recipient limb flows were 
measured. Finally, the percentage reduc- 
tion of flow to the donor limb resulting 
from the steal phenomenon was calculated. 


Discussion 


The information reported is of assistance 
in developing criteria for selecting patients 
for femoro-femoral bypass. Such criteria 
are derived from answers to four basic 
questions, (1) Will this bypass graft pro- 
vide adequate flow to the recipient limb? 
(2) When can it be placed without the 
development of a femoral steal syndrome? 
(3) Can long-term graft patency be antici- 
pated? (4) Should this procedure be used 
for most patients with unilateral iliac or 
common femoral occlusion rather than be- 
ing restricted to those who cannot tolerate 
a laparotomy? 


Our combined clinical and hemodynamic 
studies, supported by the findings of War- 
ren and Fomon, Ehrenfeld, Harris, and 
Wylie,t and Parsonnet, Alpert, and Brief,? 
have shown that a normal or nearly normal 
iliac artery is capable of carrying sufficient 
blood to perfuse both lower extremities. 

The two femoral steal syndromes which 
we have reported demonstrate conclusively 
that under certain circumstances the shunt- 
ing phenomenon can produce intolerable 
symptoms in the donor limb. The presence 
of an iliac stenosis seems to be the most im- 
portant predisposing factor to the develop- 
ment of a femoral steal syndrome. The 
adverse effects of such a stenosis can be 
aggravated if associated with a greater pe- 
ripheral resistance in the donor limb than 
in the recipient limb. Such a differential 
peripheral resistance does not appear to be 
important in the absence of an associated 
iliac stenosis. 

Every graft in our series has remained 
patent for the duration of follow-up. It is 
our belief that the femoro-femoral graft 
should have an excellent probability of 
long-term patency. We assume that a proxi- 
mal iliac stenosis is once again the most 
threatening factor, since an atherosclerotic 
stenosis tends to progress to occlusion. 
However, a femoro-femoral graft taking 
origin from a widely patent iliac-common 
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femoral system, would be anticipated to 
remain patent. In addition, the probability 
of a good long-term result should be en- 
hanced by the use of a vein graft. The su- 
perior intimal characteristics, the lack of 
problems associated with kinking, and the 
lesser tendency to infection and extrusion 
from inguino-femoral sites, make its use 
preferable to a vascular prosthesis. 

We believe there is justification for more 
frequent use of the femoro-femoral bypass 
in patients who have a good iliac and com- 
mon femoral inflow. In such patients, it 
would seem reasonable to employ this by- 
pass and avoid the usual stressing opera- 
tion, the blood transfusions, and the in- 
creased risk of complications associated 
with aorto-femoral reconstruction. 


Conclusions 


1. The femoro-femoral bypass graft is a 
well-tolerated operative procedure which 
can be performed on patients in poor physi- 
cal condition. 

2. Two of eight patients undergoing by- 
pass procedure developed femoro-femoral 


DISCUSSION 


Dr. Jesse E. Taomrson (Dallas) discussing 
Paper No. 38: I have enjoyed Dr. Edwards’ paper 
very much, and I am in agreement with the 
principles which he has enunciated, especially 
that the use of the simpler cervical, extrathoracic 
operation should be preferred whenever possible 
to the more extensive intrathoracic manuevers. 

I would like to show you a single case to 
indicate how one can manage fairly simply a rather 
complex situation in a poor-risk individual. A 
63-year-old man with a history of myocardial 
infarction complained of blackouts and dizzy 
spells and recurrent blindness in the right eye. 
He also became lightheaded upon extension of his 
neck. He was unable to walk more than half a 
block because of claudication. 

He was found to have harsh bruits over his 
subclavian, carotid and innominate arteries. Retro- 
grade x-rays showed a very tight stenosis in the 
innominate artery, 85 per cent stenosis at the 
right carotid bifurcation and total occlusion of 
the left internal carotid. Both vertebrals were 
patent. The left subclavian artery was patent, 
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steal syndromes which produced intoler- 
able rest pain in the donor limbs. 

3. A review of factors associated with 
the steal syndromes and studies with a he- 
modynamic model have shown that iliac 
stenosis is the most important factor pre- 
disposing to a steal syndrome. The adverse 
effects of iliac stenosis may be aggravated 
by a greater peripheral resistance in the 
vasculature of the donor limb than is pres- 
ent in the recipient limb. 

4. We believe a wider use of the femoro- 
femoral bypass is justified. 
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and on serial x-rays he had a left-to-right vertebral- 
subclavian steal. 

(Slide) It was decided to do nothing to the 
left total carotid, but to revascularize the in- 
nominate, with a bypass graft from the left sub- 
clavian. The slide shows the type of procedure 
which was carried out. An 8 mm, Dacron tube 
was anastomosed to the left subclavian, brought 
across the neck, and anastomosed to the right 
subclavian artery. 

Following this, at the same operation, a right 
carotid endarterectomy was done. 

(Slide) Thus all of the procedures were done 
in the neck, and provided revascularization of the 
right carotid, right vertebral, and right sub- 
clavian. He obtained immediate relief of all his 
cerebrovascular symptoms, with no untoward 
effects or steal syndromes. 

At a later date he returned for an aorto- 
femoral bypass to allow him to walk and to work. 

There are many different variations of this 
bypass procedure, depending upon the lesions in 
the individual patient. I have no experience with 
the side-to-side carotid-subclavian anastomosis 
which Dr. Edwards has described, but this may 
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well be simplier than a graft. We have done, 
however, vertebral-subclavian side-to-side anas- 
tomosis when the vertebral has been stenosed 
and has been tortuous, and allowed this procedure 
to be done. 

In closing, I would like to ask Dr. Edwards a 
question: How many patients with vertebro-basilar 
symptoms has he seen who have been relieved of 
their symptoms by carotid endarterectomy alone, 
without the necessity of a vertebral or subclavian 
operation? 


Dr. Dante, Munn (Jacksonville) discussing 
Paper No. 38: First of all I would like to con- 
gratulate the authors on their fine presentation. 
And secondly, I would like to share with you my 
experience with an unusual case of subclavian steal 
syndrome which I think point out some of the 
problems that one may encounter in the treatment 
of this particular condition. 

In the interest of time, I want to show only 
one slide. (Slide) This slide depicts, with the 
exception of the subclavian steal, the arterio- 
graphic findings on a 55-year-old women who 
had the clinical symptoms of right subclavian 
steal syndrome. 

The patient complained of periodic attacks of 
vertigo and syncope and a tired sensation in the 
right upper extremity associated with physical 
exertion. Carotid pulses were present bilaterally, 
though the right carotid pulse, as you can imagine, 
was markedly diminished. There was a systolic 
bruit over the left bifurcation, the left supra- 
clavicular area, and the base of the right neck. 
A faint right radial pulse was present, while the 
left radial pulse seemed to be of quite good 
quality. 

Blood pressure was recorded as 104 diastolic 
in the right arm and 160/98 in the left arm. 

The arteriograms in this patient was aortic 
arch study perforned by the Seldinger technic, 
using the right femoral artery. In addition to that, 
a right carotid puncture was performed in order 
to permit better visualization of the right carotid 
bifurcation. Fortunately, this was possible, since 
there was a faint pulse present in this particular 
vessel. 

The findings from the arteriograms, as you 
see on the slide, are those of complete occlusion of 
the innominate artery, significant narrowing of 
the proximal right internal carotid artery, com- 
plete occlusion of the left external carotid artery, 
slight narrowing of the left proximal internal 
carotid artery, and narrowing of the left sub- 
clavian artery proximal to the vertebral artery. 

The patient was treated by operation approxi- 
mately four years ago. An 8 mm. Dacron graft 
was inserted, end to side to the ascending aorta, 
and the other end of the graft attached end to 
end to the distal innominate artery. It was neces- 
sary to perform an endarterectomy on the distal 
innominate artery in order to carry out this 
procedure. A right carotid endarterectomy was 
also performed at the same time. 
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I did not appreciate the significance of the 
narrowing in the left subclavian artery, since 
following the corrective procedure on the right 
side, blood pressures were measured at the time 
of operation and appeared to be essentially the 
same. 

Following operation, the patient was asympto- 
matic, and the blood pressures were again es- 
sentially the same approximately one month after 
operation. However, about 6 months after opera- 
tion the patient developed recurrent symptoms 
consisting of periodic attacks of vertigo, syncope, 
and this time a tiring sensation in the left arm 
associated with exercise. 

She was rehospitalized, and an aortic apex 
study performed which showed a less subclavian 
steal. She was subsequently treated by left thora- 
cotomy, with correction of the subclavian artery 
stenosis by an endarterectomy. 

The patient is now approximately 4 years 
postoperative, and has had no further symptoms. 
Her last blood pressure determinations were as 
follows: 120/70 in the right arm, 104/70 in the 
left arm. 


Dra. GanLAND D. Perdue (Atlanta) discussing 
Paper No. 38: I think the excessive cuteness 
of the term “subclavian steal" has directed, per- 
haps, too much attention to it as an isolated 
lesion. I would like to reemphasize what he has 
said about considering it in the context of its 
effect on the total cerebral flow. 

When it exists as an isolated lesion, it may 
be in the totally asymptomatic patient. The 
patient may be symptomatic: distressed, annoyed, 
or even disabled. He does not, however, develop 
cerebral infarction as a result of this isolated lesion, 
and to borrow from Gilbert and Sullivan, let the 
punishment fit the crime. An operation which 
involves significant risk of mortality would be 
unacceptable in correction of this lesion. 


Dr. Jere W. Lonp, Jn. (New York) discussing 
Paper No. 39: Just a word about Dr. Trimble—I 
would like to pay tribute to him. For those of you 
who may not remember, 25 years ago he was the 
first to publish the usefulness of a surgical attack 
on atherosclerotic lesions of the lower extremity. 

I have had the opportunity of reading Dr. 
Trimbles and associates paper, and would like 
first to compliment them on the excellent clinical 
results of 100 per cent patency, and also to 
comment upon the fact that their model is a 
most useful one and is one that will be applicable 
to other areas. 

There are two or three points about which I 
would like to comment. 'The inflow from the iliac 
artery should be determined as being excellent 
not only by palpating a strong pulse. We have 
seen several instances where the iliac, the femoral 
and the popliteal arteries may be severely stenotic 
causing partial interference with blood flow, but 
still have a good pulse beyond. All of these 
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patients should have careful angiographic studies 
to demonstrate a widely patent iliac artery. 

In our experience with nineteen patients, there 
were five with prostheses for the femoro-femoral 
bypass and three closed after 18 and 20 months. 
We think it is much better, as the authors pointed 
out, to use the saphenous vein. In the last 2 
years we have had the opportunity to use the 
cephalic vein, and have found this to be very 
helpful, and we would use the cephalic vein as 
a good substitute for the saphenous vein when the 
latter is not available. 

Twelve vein grafts worked well and have 
been functioning satisfactorily. Two have closed, 
one because of progression of an atherosclerotic 
lesion of the opposite iliac artery, which had been 
the source of inflow. The other one closed and 1 
would like to offer a word of waming. The 
patient was operated upon for marked ischemia 
of the left foot. A femoro-femoral bypass was 
functioning well 4 months later. Eight months 
later it had closed with recurrence of the is- 
chemic process. He had entered another hospital 
and a hemorrhoidectomy had been performed 
under spinal anesthesia in the lithotomy position. 

This is a point about which I think all pa- 
tients must be warned strongly who have a femoro- 
femoral bypass. They must not have their thighs 
flexed when they are haying a cystoscopic examina- 
tion or a hemorrhoidectomy as it may shut off 
the vein graft permanently. 

There is another word of warning. All people 
‘who have had this operation must let their 
gynecologist and urologist know, and future in- 
cisions in that area should be planned carefully. 


Dn. Roserr B. Smrra (Atlanta) discussing 
Paper No. 39: I compliment Dr. Trimble and 
his coauthors on their contribution to our under- 
standing of the steal syndrome as it relates to the 
lower extremities by this ingenious hemodynamic 
model. 

Our experience is approximately the same in 
number of patients. We feel we have been able to 
salvage some limbs in otherwise very poor risk 
patients by femoro-femoral bypass. We have not 
recognized any steal syndrome in these patients, 
and I suppose this is due to the fact that we have 
only chosen patients for this operation if they had 
a strong femoral pulse on the donor side. 

Dr. Trimble suggested that there might be 
wider application of the femoro-femoral bypass. 
I think we would prefer to reserve that operation 
for poor risk patients, until we see the long-term 
patency, 

I too have a word of caution, in addition to 
the two experiences described by Dr. Lord. I am 
aware of one patient who fell asleep on the beach 
face down who had had a femoro-femoral bypass, 
and suffered occlusion of his graft by pressure 
against the firm sand. It is important to warn these 
patients not only about lithotomy position and 
subsequent operations, but also to sleep face up. 
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Dr. Ropert Mason (Baltimore) discussing 
Paper No. 39: I'd like to comment briefly on the 
paper by Dr. Trimble and his associates, 

I think that the findings that they showed to 
you in the two cases that had steal were also 
well illustrated a number of years ago by another 
membe- of this Association, Dr. Dean Warren, in 
a fine study of arteriograms. The points zhat 
he made at that time were that, first of all, 
atherosclerosis is a generalized disease, and 
secondly, that if you have a proximal stenosis, 
it tends to protect the distal runoff somewhat 
from further ravages of the disease. 

The direct point of this, then, is that if you 
have a patient that you are intending to do a 
femor-femoral bypass on for one occluded iliac 
artery, it would probably be an error to assume 
that the other iliac artery is entirely normal. 
Similarly if the one occluded iliac artery is 
stenosed, the runoff from that side is probably 
better than that from the unoccluded side. 

I had the privilege of reading this paper, and 
I would like to compliment Dr. Stonesifer on his 
very ingenious hydraulic arrangement. I think it’s 
a compliment to our times that this was done as 
nicely as it was. Ten years ago this probably would 
have taken 30 dogs and two flowmeters. 


Dr. HucuH Breese (Baltimore) discussing 
Paper No. 39: I had the privilege of reviewing 
Dr. Trimble’s and Dr. Stonesifer’s excellent paper, 
and would like to add a word of caution that has 
been mentioned before by Dr. Szilyagi on a 
number of occasions. 

The translumber aortogram is frequently mis- 
leading, in that it does not show us that the 
aortoiliac segment is as severely diseased, as we 
find it to be at operation. For some time now 
we have routinely been measuring mean pressures 
in the aorta and the common femoral arteries at 
the time of operation in patients undergoing 
aortofemoral bypass graft, and have frequently 
noted that the pressure gradient was far greater 
than the disease appeared to be by aortography. 

So I think the point that Dr. Trimble has 
made, that feeling the femoral pulse, feeling the 
quality of the pulse, listening carefully for a 
bruit, and perhaps even measuring pressures with 
a small Moss Manometer that can be gas auto- 
claved and kept sterile for use on the operating 
table, is an important adjunct to the treatment 
of this type of patient. Thank you. 


Dn. V/r.L14M H. Epwarps (Closing discussion 
of Paper No. 38): I would also like to com- 
pliment Dr. Stonesifer on his excellent experimental 
setup. 

In answer to Dr. Thompson's question, I will 
have to come at it backwards. I cannot specifically 
say how many patients we have evaluated with 
vertebro-basilar symptoms were relieved by carotid 
operation alone. I think through the years we 
have all tended to approach the carotid artery as 
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our primary operation because of both ease of 
diagnosis and because of ease of operation. 

(Slide) I would like to show two slides of a 
right lateral carotid arteriogram in a 58-year-old 
man who complained of weakness of the left arm, 
dizziness and ataxia. The carotid endarterectomy 
was performed. The patient did well. However, 
one year Jater he was reevaluated for persistent 
ataxia and dizziness. At that time we had 
bilateral retrograde brachial arteriograms, which 
were not performed at the first hospitalization. 
There is minimal stenosis in the right vertebral 
artery. There is rather marked stenosis in the left 
vertebral artery. 

A vertebral endarterectomy was performed, 
and this patient was relieved of his vertebro- 
basilar symptoms. We had eight additional pa- 
tients who had carotid involvement and in whom 
carotid endarterectomy was performed. 

The comments that Dr. Perdue made, I think, 
reiterate our feeling. I no not think we see 
asymptomatic patients with proximal subclavian 
disease. I think we see the symptomatic patients. 
This is the reason that it is our feeling that the 
demonstration of a steal in the vertebral artery is 
not the essential point. 


Dr. Geary L. STONESIFER, Jr. (Closing dis- 
cussion of Paper No. 39): First I would like to 
reply to Dr. Lord and Dr. Beebe, in saying that 
we do use arteriographic studies routinely in these 
patients. They are all studied at least with an 
anteroposterior view, and many with a lateral 
view also. Occult stenotic disease of the iliac 
artery we regard as very important, obviously, 
particularly after our studies. Blood pressure 
measurements in the extremities are also important, 
and the ultrasonic fowmeter has made this easier 
in certain cases. 

We are aware, Dr. Mason, of Dr. Warren’s 
work on this, and this is included in our references. 

I would like to close by showing a brief 
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movie of our hemodynamic model, you might call 
it—the "low-grant" hemodynamic model, done 
with very few funds. 

(Film) Here you see the aorta. Blood was used 
for this. Analogs have been made with electrical 
models, but we understand the flow of blood better. 

This is polyethylene tubing and rubber tubing. 
Now, you will be seeing the two needles at the 
very bottom, and this is flow with no iliac 
stenosis above. The lower limbs are widely patent. 
These are 18 needles, which allow 58 ml. of flow 
per minute. You see the flow here. It was quite 
rapid How. 

Now we open the graft, and you will see the 
consequences of opening the graft. The two flows 
now, from the recipient limb and from the donor 
limb, are equal. 

Now we introduce a high peripheral resistance, 
which would correspond to occlusive vascular 
disease in the donor limb. Here you see the flow. 
When the graft is opened, and a large flow comes 
down the recipient side, the donor flow continues 
the same. If there is enough inflow, it seems to 
perfuse both limbs adequately. The relative pe- 
ripheral resistance of the two does not matter. 

We now add the most important factor, the 
ilae stenosis. Again we will measure the donor 
side and the recipient side. 

First we will see the stenosis alone. This 
produced approximately a 40 per cent reduction 
in flow, just from the stenosis above. When you 
open the graft, you can see what happens to both 
limbs. Neither is perfused nearly so well as before. 
Forty-three per cent of the blood that was going 
here is now being shifted to the recipient side 
(indicating) and neither side is perfused well. 

The final and worst situation is a combination 
of an iliac stenosis and increased peripheral 
resistance on the donor side. The control flow is 
16 ml. per minute. We will now open the graft, 
and look what happens to this. The donor flow 
is reduced by 71 per cent. 
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IN piscussinc disarticulation of an ex- 
tremity, Hippocrates, around 400 B.C., cau- 
tioned: “. . . care being taken not to wound 
any living part; for if the part which is cut 
off give pain, and if it should prove not to 
be quite dead, there is a great danger lest 
the patient may swoon away from the pain, 
and such swoonings often are immediately 
fatal."^ Celsus in 100 A.D., after describing 
a technic for amputation of an extremity, 
warned: “. . . patients often die under the 
operation, either from loss of blood or syn- 
cope. It does not matter, however, whether 
the remedy is safe enough, since it is the 
only one."? 

Unfortunately, many failures and a high 
mortality rate have continued to be asso- 
ciated with amputations, especially those 
done on geriatric patients. In a collected 
series of mid-thigh amputations in diabetic 
patients reported in the literature between 
1998 and 1943, the average mortality was 
4495; the lowest mortality rate included in 
the series was 2596; the highest, 7596. In a 
series of major limb amputations reported 
in 1970," the mortality was 24% in patients 
with diabetes and 1096 in the non-diabetic 
group. In 1968, Eidenmiller et al.* reported 
a 1996 mortality associated with amputa- 
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tions performed on patients in the seventh 
and eighth decades. Mooney et al? per- 
formed below-the-knee amputations in a 
series of 85 patients with diabetes; accord- 
ing to their report, published in 1971, their 
mortality was 6.596, and 2296 of the stumps 
failed to heal primarily. 

In 1967, with these unacceptable results 
in mind, we altered the technic of our op- 
eration as well as our philosophy of caring 
for patients who required amputation of a 
lower extremity. The following is a report 
on amputations of the lower extremity per- 
formed at North Carolina Memorial Hos- 
pital befare and after this date. 


Methods and Materials 


This study involved 361 major amputa- 
tions of a lower extremity performed on 
342 patients over a 9-year period from 1961 
through 1969 at North Carolina Memorial 
Hospital. Although this series includes both 
private and staff patients, most of the op- 
erations were performed by the junior 
house staff with the supervision of an at- 
tending surgeon. The patients were divided 
into two groups (Table 1). 

Group I consists of 255 patients (269 am- 
putations) whose amputations were per- 
formed by a variety of technics. 

Group II consists of 87 patients (92 am- 
putations) whose amputations, performed 
since July, 1967, were done by a uniform 
technic ard under the supervision of one 
surgical division. 
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The basic diseases leading to amputation 
were divided into four categories (Table 1). 
The classification “arteriosclerosis and dia- 
betes” applies to diabetic patients with oc- 
clusion of a large vessel secondary to ar- 
terjosclerosis. The “miscellaneous” category 
includes trauma, tumor, infection, and ve- 
nous disease. The distribution of the basic 
disease processes is closely similar in Groups 
I and II, and the incidence of associated 


diseases (Table 2) is essentially the same ` 


in both groups. Preoperative local changes 
that might have influenced the ability of 
the wound to heal include gross infection, 
gangrene, and edema of the extremity. At 
least one of these changes was present in 
30% of the patients in Group I and 49% 
of those in Group II. 

The mean age of the patients was 57.8 
years in Group I and 66.9 years in Group 
II. Males made up 69% of the patients in 
Group I and 66% of those in Group II. In 
the combined groups, 81% of the patients 
who had amputations because of arterio- 
sclerosis alone were male, and most of them 
were in the seventh and eighth decades. 

The incidence of below-the-knee ampu- 
tations was only 47% of the earlier group, 
but had risen to 62% of the amputations 
since 1967. Only among the diabetic pa- 
tients was the incidence unchanged. 

A marked increase in the frequency of 
arteriographic studies since 1967 (Table 3) 
has been associated with a decrease in at- 
tempts at reconstructive surgery prior to 
amputation. 


Technic 


All the amputations in Group II were 
done on an elective or semielective basis. 
If the patients general condition was not 
favorable for a major surgical procedure, 
the leg was frozen in dry ice to control the 
infection and prevent the absorption of the 
toxic products of gangrene until the con- 
traindication to surgery—in most cases, de- 
hydration, cardiac arrhythmias, or uncon- 


TABLE 1. Basic Disease Leading to Ampulation 








GroupI Group II 
(255 (87 

patients) patients) 
Arteriosclercsis 45% 41% 
Diabetes 23% 29% 

Arteriosclerosis and 

diabetes 13% 16% 
Miscellaneous 19% 14% 





trolled diabetes—could be managed appro- 
priately. 

Preoperative preparation included non- 
traumatic shaving and hexachlorophene 
baths of the leg. Antibiotics were started 
according to culture and sensitivity studies 
on the organisms cultured from any in- 
fected area. 

Almost all the amputations were done 
under spinal anesthesia. Plastic adhesive 
drapes were used to cover the skin. The in- 
cision was made so as to create a long pos- 
terior flap and a minimal anterior flap, and 
special care was taken to prevent trauma to 
the skin flaps during the rest of the proce- 
dure. Fascia and muscles were divided 
along the line of the skin incision. Small 
bleeding vessels were ligated with #35 
stainless-steel wire; major vessels were li- 
gated and transfixed with 3-0 multi-flament 
polyester sutures coated with Teflon. The 
sciatic or tibial nerve was ligated as high 
as possible with 3-0 chromic catgut. The 
periosteum was cut at the same level as the 
bone and was not elevated. The anterior 
border of the tibia or femur was beveled to 
45 degrees with a hand saw. In below-the- 


TABLE 2. Assoctaied Diseases 


Group I Group II 
(255 (87 

patients) patients) 
Hypertension 17% 15% 
Coronary heart disease 15% 9% 
Chronic renal disease 10% 9% 
Cerebrovascular accident 8% 16% 
Chronic lung disease 5% 5% 
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TABLE 3. Arteriograms and Previous Operations 








GroupI Group II 
(269 (92 
, ampu- ampu- 
tations) tations) 
Arteriograms 12% 30% 
Previous attempt at 
revascularization* 9% 5% 
Previous amputations 19%, 15% 





* Embolectomy or arterial by-pass graft. 


knee amputations, the fibula was excised 
at least one-half inch higher than the tibia. 

After the amputation was completed, the 
posterior skin flap was swung forward and 
the fascia was closed with a few #32 stain- 
less steel wire sutures. Drains were rarely. 
used, Skin margins were trimmed and ap- 
proximated with #35 subcuticular wire and 
adhesive strips; no skin sutures were used. 
In eight cases the skin was left open, to be 
closed in the postoperative period with ad- 
hesive strips. A sterile, well-padded dressing 
was applied and covered by an Ace band- 
age or, more recently, a stump sock. Al- 
though we now apply rigid dressings, they 
were used in only a few of the patients in 
this series. 

Ambulation and physical therapy were 
started on the first postoperative day. On 
the third postoperative day the dressings 
were changed and most of the patients were 
discharged or transferred to the Rehabilita- 
tion Unit at the end of a week. The patients 
were seen in the clinic 2 weeks after dis- 


TABLE 4. Fatal and Nonfatal Complications 


Group I Group IT 
(269 (92 
amputations) amputations) 
Non- Non- 


fatal Fatal fatal Fatal 


Myocardial 
infarction 1 9 1 2 

Pulmonary 
embolism 3 { 2 1 
Other 5 17 2 0 
Totals 9 27 5 3 
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charge and appropriate cases were referred 
to the Amputee Clinic for a prosthesis after 
edema of the stump had subsided. 


Results 
Mortality and Complications . 


Serious but non-fatal complications oc- 
curred following nine (3.396) of the am- 
putaticns in Group I and in five (5.496) of 
the amputations in Group II (Table 4). 
Twenty-seven patients in Group I (10.0% 
of the amputations) and three patients in 
Group II (3.3% of the amputations) died 
in the postoperative period. Improvement in 
the mortality rate occurred in all basic dis- 
ease categories except the miscellaneous 
one. The most common causes of death 
were myocardial infarction, pulmonary 
embolus, and renal failure. 


Wound Healing 


Results among the surviving patients, in 
terms of wound healing, are presented in 
Table 5, under three different headings: 1) 
Healed Primarily (healed within 10 days 
without any infection, necrosis, edema, 
drainage, or breakdown); 2) Healed Ulti- 
mately ( complicated by one or more of the 
conditions just named, but not requiring 
surgical intervention); 3) Failure (requir- 
ing reamputation or surgical revision of the 
stump ). The results in 1,298 collected cases 
of below-the-knee amputation secondary to 
arteriosclerosis * are included in Table 5 for 
comparison. 


Below-the-Knee Amputation 


Group I. Primary healing occurred in 
89 (75%) of the 118 patients who survived 
the operation in the group treated before 
1967. Of the 19 additional patients in the 
“ultimately healed" group, 10 were diabet- 
ics; all 19 cases were complicated by infec- 
tion in the stump. Of the 11 failures, two 
had diabetes. Two required revision only; 
both of these had infections in the stump 
which could not be controlled with conven- 
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tional treatment. In nine instances, above- 
the-knee amputations had to be performed 
—six because of gross infection, two be- 
cause of necrosis of the anterior flap, and 
one because of necrosis and infection. In 
gll of the patients with necrosis the popliteal 
pulse had been absent preoperatively. 

Group II. Fifty-two of the 56 patients 
who survived the operation in this group 
had primary healing, and there were only 
three failures. Only one mild infection oc- 
curred, in a patient with diabetes. 


Above-the-Knee Amputation 


Group I. Out of 124 patients who sur- 
vived the operation, 91 had primary wound 
healing and eight had to have further opera- 
tion because of infection and necrosis of the 
flap; only two of these, however, required 
reamputation. In 25 additional cases, the 
stump became infected but ultimately 
healed without surgery. 

Group II. Thirty of the 33 patients who 
survived the operation had primary healing, 
and there was only one failure, which re- 
quired revision of the skin flap. Mild infec- 
tion occurred in two additional cases. 


Hospital Stay 
The overall hospital stay (Table 6) has 


been reduced since 1967 from an average | 


of 24 days to an average of 16. 


Discussion 


These data demonstrate a radical im- 
provement since 1967 in the results follow- 
ing amputation of the lower extremity. at 
this institution. This has occurred in spite 
. of an older age patient population and an 
increase in below-the-knee amputations. Of 
the many factors that are undoubtedly in- 
volved in this change, three points deserve 
emphasis: 

1. Technic. Great care has been taken 
to avoid trauma to the soft tissues during 
the operation. The provision of long poste- 
rior flaps, the use of wire sutures, the 
elimination of skin sutures, and the sparing 


TABLE 5. Wound Healing 





Healed ^ Healed Fail- 
Primarily Ultimately ^ ure 


Below-the-knee amputation 


Collected series* 65% 19% 16% 
Group I (118 
amputations)** 75% 16% 9% 
Group II (56 
amputations)** 93% 2% 5% 
Above-the-knee amputation 
Group I (124 
amputations)** 73% 20% ' 6% 
Group II (33 
amputations)** 91% 6% 3% 


* 1,298 cases reported between 1965 and 1969 (3). 
** Patients discharged from hospital alive. 


use of drains may all have contributed to 
the improved results. 

2. Stimulation of Interest. Although the 
junior house officers continue to perform 
most of the amputations, they are done 
under the supervision of either the chief 
resident or the attending surgeon as first as- 
sistant. The effect of the interest taken by 
one group of attending surgeons who have 
a unified approach to the patient and to the 
technical performance of the operation can- 
not be ignored. Interest in the rehabilita- 
tion of these patients was developed in the 
house staff, the nursing staff, and para- 
medical personnel, as well as in the at- 
tending staff, 

3. General Care. The attention given to 
the preoperative and postoperative manage- 
ment of the patient and the practice of de- 
laying operation until the patient is in 
optimal condition have doubtless contrib- 
uted to the decline in mortality. 

While the use of an immediate post-sur- 
gical prosthesis has been encouraged in our 


TABLE 6. Hospital Stay 


Group I Group II 
One week 14% 34% 
Two weeks 23% 25% 
Three weeks 21% 10% 
Longer than three weeks 38% 28% 
Not known 4% 3% 
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institution, the number of patients for 
whom this method seemed appropriate has 
been limited. It was not until the end of 
the series reported here that we began 
using the rigid dressing—primarily because 
it provides immobilization, mild compres- 
sion, and protection of the stump. When a 
pylon is to be used for walking, it is added 
between the fifth and the seventh postopera- 
tive day. 

Burgess? has recently reported his ex- 
perience following an operation in which 
an immediate post-surgical prosthesis is 
used. The results reported in our series sug- 
gest that attention to the details of patient 
care as well as to operative technic is as 
important as the use of any particular type 
of wound dressing or immediate post-sur- 
gical prosthesis. 

Although the incidence of primary wound 
healing is still not 10096 and the operative 
mortality is higher than we would like, this 
study indicates that amputation of the lower 
extremity can be done with acceptable re- 
sults, even in the geriatric patient. 


Summary 


From 1960 to 1967, 269 major amputa- 
tions of the leg were performed at this in- 


DISCUSSION 


Dr. Ricuanp G. Marri (Houston): Although 
amputations have taken a part in the history of 
medicine from the early beginnings, it is certainly 
not a procedure that is enjoyed. It is not one of 
the romantic ones, or one that received a lot of 
attention. I think this paper that was just delivered 
by Dr. Johnson is very timely and is excellent, and 
points out the good results that can be obtained 
by careful amputation and attention to technics. 

I wish mainly to express enthusiasm for the 
immediate postoperative application of the pros- 
thesis. Dr. Burgess in Seattle deserves a lot of 
credit for this procedure. He took time out to go 
to Poland and France to study first hand how to 
do it, and then popularized it in this country, and 
it has grown. However, I certainly do agree with 
Dr. Johnson that this can be applied only to 
selected cases. 

His series is made up mainly of elderly patients, 
whereas ours is made up mostly of the young, 
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stitution with an 8% failure rate and a 10% 
mortality. From 1967 through 1969, 92 ma- 
jor amputations of the leg were performed 
with a 4% failure rate and a 3% mortality. 
Attention to details of the operation and of 
overall patient management are felt to be 
important factors in the improved results. 
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since our amputations were done for malignant 
disease, and, as you know, the osteogenic sarcoma 
is a disease of the young. 

The immediate prosthesis has been of value to 
us because of this. It has given the patient 
psychologically a great boost. The teenager takes 
amputation poorly. The young child can undergo 
amputation, in a couple of days he will be 
swinging from his overhead trapeze with the other 
leg and have no troubles. The elderly, mature 
patient takes it well, because he has responsibilities, 
and knows that he wants to live, and will, there- 
fore, take it; but the teenager is self-centered. 
His image is important to him, and if we can 
get him walking with the prosthesis as soon as 
possible, it would be of great help. 

Although it was mentioned, Dr. Johnson did 
not emphasiz» the importance of rigid dressing. It 
minimizes edema and pain in the postoperative 
course. Rigid dressing, with or without immediate 
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fitting, can reduce the amount of pain medication 
needed at this time. The rigid dressing and im- 
mediate prosthesis, however, may cause severe 
pain and fever in the early postoperative period 
that cannot be explained. If this complication 
should develop, the wound should be re-examined 
while the patient is under anesthesia, to eliminate 
any intolerable pain of complication. 


Dr. James C. TnuonovcHMAN (Opelika): I 
was privileged to participate in this group study 
of Dr. Warren’s, to which reference was made. I 
thoroughly enjoyed Dr. Johnson's and his co- 
authors presentation. I think some very valuable 
points were emphasized. There were just two to 
which I would like to refer at this time. 

The first is the extreme importance, if you are 
going to get good results, of having a particular 
group or one particular man in the institution 
who is interested in handling these cases. It im- 
proves results no end. 

The second has already been alluded to by Dr. 
Martin, that the one thing that grew out of our 
study was to emphasize to us the importance of 
the rigid dressing. For several reasons it seems 
to be very beneficial to the patient and to the 
result. 

The final statement is a question to Dr. 
Johnson. I am sure time did not permit your ref- 
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erence to the use or nonuse of a tourniquet. I 
would like to ask your opinion on that detail of 
treatment. 


Dn. GxoncE JonwsoN, Jn. (Closing): It is un- 
fortunate that Dr. Nagendran, the true author of 
this paper, was unable to be here to close this 
discussion. 

We appreciate the comments of Dr. Martin 
and Dr. Thoroughman. I would point out to Dr. 
Thoroughman that we have never used a tourni- 
quet in these instances. I would imagine in the 
young age group, where there is a good blood 
supply, perhaps we would, but we are worried 
about a lack of blood rather than too much blood. 

Dr. Trimble, I know you did not discuss the 
paper, but Í too was concerned about the close 
approximation that the Program Committee put 
our two papers on with, and I would like to assure 
the audience that these two papers have no 
relationship; so that if there is any doubt about 
results of the two, these will not be burdened. 

One obvious question that we have not dis- 
cussed—is the number of patients who are re- 
habilitated, as measured by ambulation. I thought 
it would be worthwhile noting that it's very low. 
In fact, it is very difficult to follow these patients, 
but less than 25 percent of the patients in this 
series were ever able to walk. So I think this be- 
Speaks the caliber of the patients that we were 
dealing with, and also our inability to get good 
followup results. 
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SUDDEN DISRUPTION of the mitral valve 
may be caused by traumatic lacerations of 
the valve, detachment of the chordae ten- 
dineae or necrosis of the papillary muscles, 
Usually acute severe mitral insufficiency fol- 
lows. Rapidly progressive and profound car- 
diac decompensation occurs frequently. 
Within recent years, wide attention has 
been paid to the natural history, physical 
findings, the data obtained from cardiac 
catheterization and angiographic studies of 
patients who have suffered this catastrophe. 
The result is the definition of a syndrome 
of acute mitral insufficiency which permits 
the disease to be distinguished from chronic 
mitral insufficiency. and provides a preop- 
erative or ante mortem diagnosis.*?: 3? 

This report documents the course of 12 
patients with acute disruption of the mitral 
valve who were managed during a rela- 
tively short period of time, and emphasizes 
the increasing incidence of this disorder 
among patients with isolated mitral valve 
disease who are candidates for surgical 
therapy. 

During a 3-year period (November, 1968 
through October, 1971), 12 patients oper- 
ated upon for severe mitral insufficiency, at 
the time of operation, had disrupted mitral 
valves. Of these 12 patients, 11 were recom- 
mended for operation with a preoperative 
diagnosis of acute disruption of the mitral 
valve. During this same period of time, 116 
patients underwent open-heart operations 
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for isolated disease of the mitral valve. Of 
these, 62 patients (5496) had predominant 
mitral stenosis, 24 (2196) had predominant 
or isolated mitral insufficiency, 18 (16%) 
had mixed forms of mitral valve disease, 
and 11 (9%) were operated upon for re- 
placement of a previously placed, but mal- 
functioning mitral valve prosthesis. In this 
latter group, two patients had infected pros- 
theses, one patient had thrombotic occlu- 
sion cf the prosthesis and eight patients had 
significant peri-prosthetic fistulae causing 
either congestive heart failure or uncon- 
trollable hemolytic anemia. 

The incidence of acute disruption of the 
mitral valve among those patients under- 
going operation for pure mitral insufficiency 
was therefore 50%. This incidence is higher 
than anv previously reported, ^!5 and re- 
flects, we believe, the acceptability for op- 
eration of patients with ischemic heart dis- 
ease as the basis of acute disruption of the 
mitral valve. Surgical management con- 
sisted of replacement of the disrupted valve 
with a prosthesis. There were no operative 
or hospital deaths in the series. One death 
occurred one year after operation from in- 
tracranial hemorrhage. The remaining 11 
patients have remained well, and all but 
two have resumed full activity. 


Materials and Methods 


Data concerning the 12 patients were ob- 
tained from the surgical records of the 
Barnes Hospital which cover the period 
from November 1, 1968 through October 31, 
1971. All patients were studied preopera- 
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tively with a 12-Lead electrocardiogram 
and a roentgenographic cardiac series. Right 
and left heart catheterizations were per- 
formed in all patients. Large film angio- 
grams were performed in three patients, 
and cineangiography was performed in the 
remaining nine patients. Selective coronary 
arteriography was performed at the time of 
cardiac catheterization in four of the 12 pa- 
tients. Open-heart operation was performed 
in all patients with a disposable oxygenator 
primed with a balanced salt solution con- 
taining 5% glucose. Postoperative repeat 
selective coronary arteriography was done 
in one of the two patients receiving simul- 
taneous valve replacement and aorto-coro- 
nary bypass using autogenous saphenous 
vein, 


Case Studies 


Pertinent clinical and laboratory data are 
presented in Tables 1, 2 and 3. Illustrative 
preoperative chest roentogenography and 
angiography are presented in Figures 1, 2 
and 3. 


Clinical Histories 


‘There were ten men and two women in 
the series. The age range was from 44 years 
to 60 years. 

Seven patients had chronic cardiac dis- 
ease as evidenced by a cardiac murmur 
which had been detected previously. In four 
patients, the murmur had been recognized 
in childhood or many years prior to hos- 
pitalization. In the other three, a murmur 
had been detected for the first time at 4, 
5 and 6 years prior to the operation. Three 
of the patients with known chronic mur- 
murs had gradual aggravation of cardiac 
symptomatology including fatigability, exer- 
cise intolerance and dyspnea. In the remain- 
ing four patients with chronic murmurs, 
there was sudden and severe exacerbation 
of symptomatology which continued or pro- 
gressed until the time of operation. This 
exacerbation of symptomatology occurred 
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at 6 months, 2 months, 2 weeks and 10 days 
prior to their arrival at the hospital. 

Five patients had no chronic heart dis- 
ease, but all had sudden illnesses after 
which they remained symptomatic. In one 
instance, this event was a struck blow to the 
anterior thorax. In another instance, a sud- 
den episode of severe breathlessness while 
golfing was interpreted to be a pulmonary 
embolus. À third patient had had a prostrat- 
ing illness which proved to be a massive 
myocardial infarction. A fourth patient had 
sudden onset of chest pain, the investiga- 
tion of which disclosed a loud systolic mur- 
mur, The fifth patient had suffered a febrile 
illness accompanied. by circulatory collapse 
and cardiac arrest which was interpreted as 
pneumonia and a possible myocardial in- 
farction. : 

Just prior to operation, one patient had 
no evidence of cardiac decompensation. 
Four patients were in a state of moderate 
cardiac decompensation. Five patients had 
evidence of severe cardiac decompensation. 
One patient was in frank pulmonary edema 
and one patient was in a state of cardio- 
genic shock. 


Physical Examination 


A harsh systolic murmur was noted in all 
12 patients. In seven patients, this murmur 
had a characteristic configuration of being 
holosystolic with a late systolic decrease. 
In the five patients, it was merely noted 
holosystolic. A presumptive diagnosis of 
aortic stenosis was made by at least one 
competent observer in six of the 12 patients 
and was largely based upon the configura- 
tion of the murmur and a radiation toward 
the base. An apical systolic thrill was de- 
tectable in eight of 12 patients. A third 
heart sound was detectable in seven of the 
12 patients, but an atrial sound was noted 
in only four. The radiation of the holosys- 
tolic murmur was noted to be toward the 
base of the heart in eight of 12 patients, 
and toward the axilla in seven. 


une 1972 
* No. 6 


Vo 1 7 


Ann. Su 


WELDON AND OTHERS 


1002 


Tee TCT ee nen TOTTI a a enon E EE RS MEL E C C 


*UOrrepr 


"uon 

-eiado jo Agp uo Ioys dug 
-O]pres pue europo A1euournd 
sAjsseur pado[sAas(T *uopje1odo 


"AMARE sjo nan ÁAde[pded [eurs& inoug WOMAN ITET 's[osnur Areded 03 1011d YOU 3UO VOToIEyUr 
pe»npex "sour g  'aseaspp j1esq oputat[os] — 'se[psnur Áre[rflded yyoq JO S[80199N| "Joos OIUSHO[p.e7) jo uopjuieju]  jeppre»oAur [m393?[019380d 939495 W FP OCB 

"a 1n[rei 

'ATeuo102 3I9[ oerpieo sAIS821dOJ,  "'snpoquio 

Jo gyoueiq 3urpua2sap JOt193U€ AQieuour[nd aAvI[ 03 32n01 T, 

jo uono '39gg9[ (or110) "3ug[o3 apy uorjeasdo 03 

"oneuroqduráse ‘Spoon AQeprded Jozue jo LOUISU '5IS0199U *"uorjesuaduro»ap "BATEA [Ery u lond syyOU xis 93n[I8j yey 
mw AUATIOV ng ‘SOUL ZT ‘ƏSVASIP 3192u SluraToSy apsnur ÁAreprided qpeiojeo1loquy DEIPIB) 23I9A9S Jo uopydrus;p aynoy 9Anss3uo» jo JasUO doppnS W OS "4 

"IIOT) EOYPO]TRO 

J8[hA[UA 'dy opasnu Areyded 'pouad ILIA BAG 

jo S[SOIDSU 4 *39g€3] (remun) ISAO ampez 31891 2A]3993u02 

JOl23350d jo A2usrogjusu] openu jo Soposids payeadey 'SJe9Á 

'9pryeurogdurASe Areyided jerpauro1a4sOd wos} *uonesuaduioosp *9^[€A [€J31IUI PAY IO} mumu 31991 UALOUSN 
mA ITALIE [R "SOW gl “STFRATSA gruo} Painjany ovaurpuas 2gpioqo ino; owppigs aynapAW JO BOANA aay "IAA sa IO] voudsAp pguoryrxip AL 95 ‘9 

“SISIPRATCA opo rq?) *3agesr 

CEIM) iopra380d Jo Ammann *uojv1edo 04 1onid suquour 

"orn euro3durÁse "spssnur Áregrded perpouro193s0d "uon?suadulooap “QATBA fertur XIS payajap Uden Woy 
~A ALe [nu ‘SOUL gr SIP[NAA 2pd01q2) woy IVIUIPUa} Vepsoy painjdny DEIPIed ayeIopoyPY jo Uoydnssp amoy ‘sIBOA XIS JOJUMOTA mwm JA 6b 'S 

*STU[NATCA "SAT8891dOJ1d 

auory p "PRI (remue) Sem [IA Baudsd p 9J9A9SS 

IOJIaysod jo ADUIPYNEU] *ayposnur pedo[sAsp ‘BUNI Sawan aya 

"opeuroidurAse ÁA1e][ided perpeuroio3sOd wos "uorjyesuaduroo3p "JATEA [E1)TUI uotrje1edo 03 10110. s&ep uoa 
mw AVALIOR [TY “SOU CZ *SIZITMALBA 2puo1q2 painjdni ILIN pus} 23epiot[2 JANI DUPE a1aAIG Jo uondnispp o3noy — 'poogp[no urorjuouwx mwmw WW 6S °F} 

'eAt1e1odo 

~3sod = syjuow "yeay Ope 'nuimniul pno[ pue oinyjye} 

£I 93110 *a?atIpto; 9epiouo 3uooeípe -nery o[qeqodd IRV 2AT41$22u0D uoppns 

“Woy [eiqo1o2 jo 231n3dni q114 39g?9[ (fenu) "uUorjesuaduroosp DAEA Teijpur pedojpeAs(qT oq 3sute39 prog 
IAPS- pLa Ig3Á I ‘WOTpEIIIV] HJEWMEIL loriaysod jo uot310d-prur ut 1ea T, 2?rpie2 sjeI9po]A jo uondüispp aynoy uonjersdo 03 Ioud syquouromy W O9 "E 

*STFIPMATBA “INULIN 

oruodq.) *3egeo[ (2r1108) jo uon?niuo29? pue SWOJ 

Ionajue jo Á3uotorgnsug *eposnut -dulÁs jo uo eqa1a2exo3 [en pers 

"onguroqdurA&se ÁA1e[Tided fetpatoraysod WOI "uopyesuadulo2 "JATEA [epu uoperedo 03 IOIA SIIA IDIL 
—A1An2?[[n,  'sourgz "SHI[hATEA auory — s?ourpue; Sepioqo moj J0 9103dn3[ — -9p deIpredaraaag Jo WoNdnstp 33noV 'Pooupr2 uroijuaoux mwm Wes Z 

'SIHhAT[€A 2Iu0JU7) '33gaT ‘INUIINU JO UOHET3H922€ 

(9110€) Ion133u? jo Á2uostorgnsuy pue suro3du1ÁS JO UOT]"qI929X9 

"2r eurioqdurAse ‘apsnut ÁArejrded Terpauro1ejsod *uoresuaduroo»p "guaps 'uUOorje1ado 310]9C saam OAT 
mÅ MAJOL [N  siesÁ $7 'SDIIRA[PBA aporna — urolj seəurpuay VEPsIOY jo ainqdny DVIPIES 93E19pO]A -Uf Epu e13A9G ‘SILIL ÁuPUI Jo} nuninur mouy — C9 'I 

LL UUU UUO erent tn eerie tN n 
uonipuoj MOTOWN JO 9sne^ osjqeqoid SiSouS eq IAN Lend AIINS jo IWILL stouter ÁA10381H xaG 'OoN 
qussaig uorjein(q 39 UOnIpUO) SATje1odooiq easy 9892 


i em P. 
IAD A 4n yy oui [O uosjdnass(q omo y YNN spusyDg ZI uo DIDA 1001117) 1u0u149q fo UONDMGOI `T 318V.T, 


Present 
Condition 
Full activity— 
asymptomatic. 
Reduced activity 
—asympto- 


Duration 
of Follow 
6 mos. 

5 mos. 


Probable Cause 


Operative Diagnosis 
Insufficiency of posterior (mural) 


leaflet. 
Necrosis of posteromedial papillary Acute endocarditis. 


posteromedial papillary muscle. 
muscle tip. Incompetence of 


Rupture of chordae tendineae from Undetermined. 
anterior (aortic) leaflet. 


TABLE 1. (Continued) 


Condition at 
Time of Surgery 
Acute pulmonary 
edema. 
Severe cardiac 
decompensation, 


Preoperative 
Diagnosis 


mitral valve. 


Acute disruption of 
mitral valve, 


Acute disruption of 


History 


murmur. 


prior to operation. Investiga- 
tion of angina disclosed loud 


developed pneumonia and ? 


47 M  Onset of angina three raonths 
57M Eight weeks prior to surgery, 


Age 
Sex 


|. Case 
IL No. 
9. 
10. 
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matic~-severe 


myocardial infarction. Severe 


l E | 2 Electrocardiography 
3 d 23 JE A sinus rhythm was present in ten of the 
29 wg JE patients, and atrial fibrillation in two. Evi- 
RE E 3 E a dence of left ventricular enlargement or of 
left ventricular hypertrophy was present in 
j g six of the 12 patients. A questionable pat- 
E = tern of anterolateral infarction was present 
, in one patient and definite electrocardio- 
8g graphic evidence of an acute diaphragmatic 
34 E parag 
M E d lateral myocardial infarction in another. 
3 > : 3 Three other patients were noted to have 
sg $8 nonspecific ST-T wave abnormalities. 
28 Pg 
aA E 
E Ó Chest Roentgenography 
s ə A cardiac series was interpreted as nor- 
Bs t ME mal or without evidence of cardiomegaly in 
A2 Rong two of the 12 patients. Slight cardi ] 
a3 5228 patients. Slight cardiomegaly 
23 X es was noted in one patient and cardiomegaly 
pee x aes with radiographic evidence of left atrial en- 
N Sank e ; . 
T $ 3552 largement was noted in seven patients. One 
MACTS M O uuo - e 
5558 gY patient had a left ventricular aneurysm 
HE "E E easily detectable on a cardiac series roent- 
ane. iQ genogram. Severe pulmonary vascular con- 
. gestion was noted in three patients (Fig. 1), 
È $ and pleural effusions in two patients. 
op a 8 
Ses ge Cardiac Catheterization 
BES P ee : 
oes ae The characteristic findings at cardiac 
4 d catheterization in this group of patients 
f 3 were pulmonary arterial hypertension, 
$e — $g marked elevation of the V waves recorded 
a2 on S 
EE gS either in the left atrium or in the pulmonary 
25 Xf wedge tracing, an elevation of the left atrial 
3E aF mean pressure, an elevation of the left ven- 
: tricular end-diastolic pressure, and a marked 
"c « + * + 
S sg ba reduction in the cardiac index. The pulmo- 
Q e 
a8 2 T s Ey nary artery pressure was in excess of 50 
*üTv i o5 £ A * 
TE ES TH: z mm. Hg in nine of the 12 patients. Prom- 
go : gab É 8E T inent V waves were recorded in all patients 
m B. 4 be * « 
SSE BEES BESS and were in excess of 20 mm. Hg in all but 
a E 63,9 4 B vueges ° æ » 
Sos PSAS Tulis one patient. Calculated cardiac indices 
om A 40 E «c P1 "3 = x P 
23 : FF 3 FE E ranged between 0.8 and 3.9 l/min. /m?. 
a e 
Angiocardiograph 
; " g Brapuy 
R 2 In all but one of the patients, the angio- 


cardiograms revealed a degree of mitral in- 
sufficiency which was considerably dispro- 
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TABLE 2. Tabulation of Physical Findings in Twelve Patients with Acute 
Disruption of the Mitral Valve 
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Suspected 
Diagnosis 
Case Aortic Configuration 
No. Stenosis of Murmur 
1. 0 holosystolic 
2. 0 holosystolic 
3. + holosystolic with 
late decrease 
4 -+ holosystolic with 
late decrease 
5. i holosystolic with 
late decrease 
6. + holosystolic with 
late decrease 
f. 0 holosystolic 
8. 0 holosystolic 
9. 0 holosystolic 
10 + holosystolic with 
late decrease 
11. + holosystolic with 
late decrease 
12. 0 holosystolic with 
late decrease 
Ratio of 
positive 6/12 7/12 
findings 


portionate to the enlargement of the left 
atrium (Fig. 2,3). Regurgitation of contrast 
media into the pulmonary veins was a com- 
mon finding. These features, combined with 
cineangiographic evaluation of the mitral 
valve leaflet movements, permitted an an- 
giographic determination of the mitral valve 
disruption in seven of the 12 patients. 
Among the other five patients, the angio- 
graphic interpretation was severe mitral 
insufficiency in three and moderate mitral 
insufficiency in two. One patient with mod- 
erate mitral insufficiency, however, was 
in cardiogenic shock with a massive left 
ventricular aneurysm. 


Clinical Impressions 


In 11 of the 12 patients, there was some 
combination of the following: (1) A history 


Apical S% S, 
Thrill 


Basal Axillary 
noted noted Radiation Radiation 
+ 0 0 0 d: 
T 0 0 0 -f 
«E mes F + 0 
T —- 0 + 0 
-+ = + T 0 
-+ x 0 = 0 
0 — + + + 
0 
0 Ü 0 0 + 
T Ü T T + 
-+ 0 + T 
-+ 0 F + 
8/12 7/12 4/12 8/12 7/12 


of the sudden appearance of a murmur or 
of the sudden exacerbation of a previous 
murmur, (2) the typical auscultatory find- 
ing of a holosystolic murmur with late de- 
crease rediating to the base of the heart 
with the presence of a third heart sound 
and an atrial sound, (3) catheterization 
data which demonstrated pulmonary hyper- 
tension of a severe degree with large V 
waves in the left atrial or pulmonary wedge 
pressure, (4) a relatively small left atrium 
and disp-oportionately severe mitral insuffi- 
ciency producing regurgitation into the pul- 
monary veins. Because a sufficient number 
of these features appeared in combination, 
a positive preoperative diagnosis of acute 
disruption of the mitral valve was made for 
11 of the 12 patients. It is significant that 
in the one patient for whom it was not 
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made, long-term chronic mitral insufficiency 
had been present. This patient was also the 
first of our current series. It is also signifi- 
cant that an erroneous diagnosis of acute 
disruption of the mitral valve was made in 
only one patient during this period of time 
and that patient proved at operation to have 
the so-called *floppy mitral valve syndrome" 
without disruption. 








Fic. 2. Left ventriculograms in four patients 
with disruption of the Dalle muscles. A. Case 
7. B. Case 8. C. Case 10. D. Case 11. Except for 
Case 10, the severe degree of mitral insufficiency 
is out of proportion to the enlargement of the left 
atrium. Regurgitation of contrast into the pul- 
monary veins can be seen. 
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Fic. 1. Case 9. Rup- 
ture of chordae tendineae. 
A. Appearance of the 
chest film just prior to op- 
eration. There is marķed 
pulmonary vascular con- 
gestion, but only moder- 
ate cardiomegaly. B. Ap- 
pearance of the chest 
film 6 months after op- 
eration. The pulmonary 
vasculature now has a 
normal appearance and 
the cardiomegaly has dis- 
appeared. 





Findings at Operation 


At the time of operation, one patient had 
a massive, necrotic, and aneurysmally di- 
lated infarction of the posterior lateral wall 
of the left ventricle. As this portion of the 
ventricular wall was virtually scooped out 
of the pericardium, a portion of the pos- 
terior papillary muscle, which was necrotic, 
was also removed. It is probable that there 
was, prior to operation, no actual detach- 
ment of the papillary muscle from the 
valve. In this case, there was necrosis of 
both papillary muscles, but the valve ap- 
peared, otherwise, normal. In one patient 
(Fig. 4), a circular defect was found in the 
posterior leaflet of the mitral valve, and 
there was rupture of the chordae tendineae 
which were attached to the valve on either 
side of this perforation. The perforation in- 
terpreted at the time of operation as a con- 
sequence of endocarditis, revealed no evi- 
dence of endocarditis at the time of patho- 
logic examination, and subsequently, has 
been interpreted as a congenital defect of 
the valve. In this particular case, the data 
suggested that mitral insufficiency had 
been a consequence of the perforation for 
a long period of time and that abnormal 
stresses on the valve in the region of the 
perforation eventually produced chordal 
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disruption which resulted in massive in- 
sufficiency. 

In a third patient, there was a laceration 
in the mid portion of the posterior leaflet 
with detachment of chordae tendineae on 
either side of the laceration. This patient 
had chest trauma providing the strong sus- 
picion that the laceration and the chordal 
disruption was a consequence of this trauma. 
On pathologic examination, there was no 
evidence of valvular disease. The remain- 
ing nine patients, all had either chordal 
ruptures or detachment of the papillary 
muscle tip. In three patients, there was de- 
tachment of the papillary muscle tip, while 
in five, rupture of the chordae tendineae 
clearly occurred at a distance away from 
the papillary tip. In all cases except one, 
the detachment, however, was from the 
posterolateral papillary muscle, resulting in 
insufficiency of the anterior (aortic) leaflet 
in three cases, and resulting in insufficiency 
of the posterior (mural) leaflet in six pa- 
tients. Evidence of severe or moderate coro- 
nary artery disease was present in two of 
the patients with necrosis of the papillary 
muscle tip, and in the third patient (Fig. 
Ə), there was a history strongly suggesting 
bacterial endocarditis. There was, however, 
rather marked coronary artery disease in 
one of the patients with chordal rupture at 
a distance from the papillary muscle and 
coronary arteriography was not performed 
on the other five patients who proved, at 
the time of operation, to have rupture of 
chordae tendineae at a distance from the 
papillary muscle. Of those six patients with 
isolated chordal rupture at a distance from 
the papillary muscle, three had more than 
three chordae tendineae disrupted, two pa. 
tients had three or less chordae tendineae 
disrupted. 

Surgical Management 

In all 12 patients, the disrupted mitral 
valve was excised and replaced with a Beall 
type mitral valve prosthesis. In one patient, 
the valve was replaced through a ventricu- 
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Fic. 3. Left ventriculograms in four patients 
with rupture of the chordae tendineae at a distance 
trom the papillary muscle. A. Case 1. B. Case 2. 
C. Case 4. D. Case 9. The degree of mitral insuff- 
ciency is out of proportion to the left atrial en- 
largement. Regurgitation of contrast into the pul- 
monary veins is a prominent feature. 


lotomy using interrupted figure-of-eight su- 
tures, but placing the prosthesis below the 
mitral valve annulus. In another patient, 





Fic. 4. Photograph of operative specimen ob- 
tained from patient 12. There is a nearly circular 
defect in the mid portion of the posterior (mural) 
leaflet. Total absence of inflammatory change in 
the margins of this defect suggest that it is a 
congenital malformation. The chordae tendineae 
adjacent to the defect have all ruptured. 
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the prosthesis was replaced using inter- 
rupted figure-of-eight sutures, but with the 
sewing flange of the prosthesis placed 
above the mitral annulus. In the remaining 
ten patients, a technic was used which was 
developed for prosthetic replacement of the 
mitral valve (Fig. 6). This technic involves 
presuture of the valve ring with interrupted 
mattress sutures. These sutures are drawn 
up through the mitral valve annulus, so that 
when the prosthesis is lowered, it sits com- 
pletely in a ventricular position. Each in- 
terrupted mattress suture is tied over an 
individual square pledget of teflon felt. 
This technic was developed to eliminate 
peri-prosthetic fistulae which result from 
suture material cutting through the friable 
annulus to which the prosthesis is sewn. 
This technic has now been used in approxi- 
mately 75 isolated mitral valve replace- 
ments. Among these 75, there is one pa- 
tient with a documented small peri-pros- 
thetic fistula and no patient who has re- 
quired reoperation for continued conges- 
tive heart failure or uncontrolled hemolytic 
anemia. 


Postoperative Course 


Al 12 patients survived the operation 
and were discharged from the hospital. The 
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Fic. 5. Photograph 
taken at operation on pa- 
tient 10. The postatoláts 
eral papillary muscle is 
necrotic and detached 
from the anterior (aortic) 
leaflet. There is gross 
valvular incompetence. A 
forceps is shown grasping 
the detached muscle. This 
patient had normal coro- 
nary arteries and a his- 
tory strongly suggesting 
bacterial endocarditis. 


follow-up period extends from 3% months 
to 215 years. One patient died suddenly 
after resuming full activity almost exactly 
one year postoperatively. An autopsy ex- 
amination revealed a massive cerebral hem- 
orrhage with no evidence of cerebral embo- 
lism. The prosthetic valve which had re- 
placed the disrupted mitral valve was un- 
remarkable. Of the remaining 11 patients, 
one has not returned to full activity on the 
advice of his physicians who have urged a 
reduction in activity because of the severe 
coronary artery disease. A second patient 
remains at a level of reduced activity be- 
cause of severe postoperative psychic de- 
pression. The remaining nine patients have 
returned to full activity and are asympto- 
matic, Anticoagulants have been employed 
in all 12 patients. It remains a distinct pos- 
sibility that the severity of the cerebral 
hemorrhage producing death in one patient 
was a consequence of anticoagulation ther- 
apy. 
Discussion 

Acute disruption of the mitral valve oc- 

curs whenever the integrity of the mitral 


leaflets, the chordal attachments of the leaf- 
lets to the papillary muscles, or the papil- 
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lary muscles themselves is destroyed. The 
incidence of acute disruption is not known 
and cannot be adequately estimated from 
reports of disrupted mitral valves in au- 
topsy files or from the incidence of patients 
with acute disruption of the mitral valve 
included in a series of patients undergoing 
operation for mitral valve disease. In our 
series of surgical patients, 50% of those ad- 
mitted for operation because of a diagnosis 
of isolated mitral insufficiency had acute 
disruption of the mitral valve. This inci- 
dence is higher than that reported in any 
previous surgical series + **»°7 and suggests 
that an increasing number of patients with 
acute disruption of the mitral valve have 
become surgical candidates. This may be 
true because of an appreciation of a clini- 
cal syndrome now well defined for patients 
with acute mitral insufficiency resulting 
from a disrupted mitral valve. It, further- 
more, may be true because an increasing 
number of patients with severe coronary 
artery disease and the sequelae of myocar- 
dial infarction are considered surgical can- 
didates. Coronary artery disease and myo- 
cardial infarction are a recognized cause of 
disruption of the papillary muscle.^* In 
our series of 12 patients, there were four 
in whom papillary muscle necrosis was 
identified at the time of operation, and 
three had severe coronary artery disease, 
while in the fourth, there was a history 
strongly suggesting bacterial endocarditis. 
Coronary artery disease and myocardial in- 
farction also produce mitral insufficiency 
based on dysfunction of the valvular appa- 
ratus in which the ventricular wall to which 
the papillary muscles are tethered, or the 
papillary muscles themselves are ischemic 
and contract improperly. Such patients are 
not included in our series. Trauma to the 
chest has been recognized for a long time 
as a cause of acute mitral valve disruption,‘ 
and in our series, there is one such patient 
whose history is clear and in whom the 
mitral valve disruption was an easily recog- 
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Fic. 6. Artists illustration of the subannular 
placement of a mitral prosthesis used in this series 
of patients. Mattress sutures are placed in the 
prosthesis prior to placement. Each suture is drawn 
up through the mitral annulus and the prosthesis 
is lowered into the ventricular position. Each mat- 
tress suture is drawn through and tied over a 
square of teflon felt. Teflon on both sides of an- 
nular tissue prevents tears of the annulus. Place- 
ment of sutures perpendicular to the prosthetic 
flange reduces tension on the suture. The technic 
eliminates the development of postoperative peri- 
prosthetic fistulae. 


nized traumatic tear in the mitral leaflet. 
An interesting feature of this patient's op- 
erative findings is that there was adjacent 
chordal disruption which may have oc- 
curred at the time of the tear, or which 
may have occurred subsequently as a re- 
sponse to abnormal stresses on the chordae 
resulting from the torn leaflet. Congenital 
valvular disease is an exceedingly uncom- 
mon cause of acute mitral insufficiency, but 
in our series, there is one patient with a 
perforation in the posterior leaflet and ad- 
jacent ruptured chordae tendineae. This pa- 
tient had no evidence, on pathologic ex- 
amination of the valve, of acute bacterial 
endocarditis, or of healed endocarditis and 
is thought to represent a congenital malfor- 
mation. An entirely similar patient has been 
reported by Marchund and co-workers.? 
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Once again, this patient strongly suggests 
the possibility that the congenital abnor- 
mality of the valve placed unusual stresses 
on the chordae tendineae and eventually 
resulted in the rupture. The most common 
cause of acute disruption of the mitral 
valve is rupture of the chordae tendineae.*? 
The causes for rupture of the chordae ten- 
dineae, which have been recognized in the 
past, include bacterial endocarditis,* !'*: ** 
36,4? rheumatic valvulitis,^ !? and trauma * 
20,25 (both injuries to the chest and surgi- 
cally created valvular disruptions with the 
use of a mitral valve dilator). There have 
also been reports of ruptured chordae ten- 
dineae in association with otherwise normal 
mitral valves, and this entity has been re- 
ferred to as spontaneous chordal rupture.'*: 
18,19 Osmundson, Callahan and Edwards *° 
presented an analysis of 20 patients with 
chordal rupture, obtained from the ne- 
cropsy files of the Mayo Clinic. This de- 
tailed pathological review indicated that 
endocarditis could be most frequently im- 
plicated as the etiologic factor in ruptured 
chordae tendineae. Of their 20 patients, ten 
had histories of endocarditis. In three other 
patients, there was histologic proof of 
healed bacterial endocarditis and a sugges- 
tion of healed bacterial endocarditis in an- 
other three instances. In the remaining four 
cases, there was evidence of an inflamma- 
tory process which could not be identified 
positively. More recently, Roberts, Braun- 
wald and Morrow ?? have presented a study 
of ten patients in each of whom ruptured 
mitral chordae tendineae were responsible 
for severe mitral regurgitation. In six of 
their patients, the chordal rupture was the 
result of proved bacterial endocarditis, and 
in the other four, although the cause was 
not determined, it was considered that bac- 
terial endocarditis may have been the etio- 
logic factor in them as well. In our series 
of 12 patients, only one patient presented 
a clear history suggesting an episode of 
bacterial endocarditis, and in this patient, 
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there was thought to be a detachment of 
the papillary muscle tip. Six of our patients 
had isolated disruptions of the chordae ten- 
dineae. In five of these six patients, there 
was a long history of a chronic mitral mur- 
mur which had been well documented. 
Pathologic examination of all six valves re- 
vealed fibrosis and evidence of chronic 
valvulitis, which could neither be identified 
as bacterial or rheumatic in origin, and in 
all cases, abnormal thickening of the valve 
was noted at the time of operation. In three 
of the patients, there were more than three 
chordae tendineae ruptured. 

It is apparent that rupture of a chordae 
tendineae must occur either from a struc- 
tural weakness in association with normal 
stresses, or with structural integrity in as- 
sociation with abnormal stresses, or with a 
combination of both structural weakness 
and abnormal stresses. Whereas, acute en- 
docarditis involving the chordae might pro- 
duce structural weakness, it seems likely 
that the fibrosis which follows healing of 
acute rheumatic or bacterial endocarditis 
and which results in thickening of the 
chords would strengthen structural charac- 
teristics. The frequent occurrence of mul- 
tiple chordal rupture would require that 
structural weaknesses occur either in mul- 
tiple locations or that disruption of the 
valve’s integrity in one location results in 
abnormal stresses which produce additional 
sites of disruption. 

Marchund and co-workers ** have sug- 
gested that valvular incompetence begets 
more incompetence. They expressed the 
view that annular dilatation throws an in- 
creased strain upon the chordae tendineae 
and that disruption of one chorda ag- 
gravates the situation causing additional 
stresses to be born by the adjacent chordae 
tendineae. 

A physical basis for chordal rupture in 
the presence of long-term chronic valvulitis 
has been suggested by recent in vitro valve 
studies and from the analysis of mathe- 
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matic models. Experimental data on the 
stress-strain relationships of human valvular 
tissue have shown that leaflets and chordae 
tendineae have a property of 97 to 100% 
elastic recovery at strains as large as 20 to 
20% elongation. Mitral leaflet tissue is 
more elastic with respect to a given stress 
than aortic leaflet tissue, and chordae ten- 
dineae are less elastic than tissue from 
either valve leaflet. 

Theoretical uniconvexial stress analysis of 
the mitral valve has revealed that when 
the dimensional parameters are maintained 
nearly equal and only the degrees of curva- 
ture of the leaflets are altered significantly, 
marked changes of the stresses within the 
leaflets are obtained.'?^ The least stress is 
obtained when the leaflet coaptation line is 
on the same plane as the annulus and the 
leaflets bulge slightly into the left atrium 
during peak left ventricular pressure. Pro- 
gressive dilatation of the left ventricle with- 
out elangation of the chordae tendineae 
produces a change in leaflet curvature. This 
change in curvature alone may result in an 
increase in stress up to 17596 for the sep- 
tal leaflet and up to 625% for the mural 
leaflet. During peak ventricular pressure, 
these forces are transmitted directly to the 
chordae tendineae. 

A distinctive clinical syndrome charac- 
teristic of acute severe mitral insufficiency 
has been discussed in detail by Selzer and 
co-workers ** and more recently, by Ronan 
and co-workers.? The characteristic mur- 
mur is an apical systolic murmur with a 
late systolic decrease. The murmur is usu- 
ally loud and rough, and commonly radi- 
ates to the base rather than to the axilla. 
The auscultatory findings frequently sug- 
gest the diagnosis of aortic stenosis.* ?* 38. 
39,41 Both third heart sounds and atrial 
sounds are usually present. Pulmonary hy- 
pertension is frequent and evidenced by a 
prominent jugular venous A wave, a right 
ventricular impulse, and a loud second pul- 
monic sound. The chest x-ray typically 
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shows little or no left atrial enlargement 
and the electrocardiogram exhibits sinus 
rhythm without P mitrale. In our series of 
patients, the history of the sudden appear- 
ance of a murmur with symptoms dating 
from that time was not particularly signifi- 
cant. The physical signs of a holosystolic 
murmur with late systolic decrease, and 
with basal radiation, the presence of third 
and fourth heart sounds and the suggestion 
of aortic stenosis to examiners were, how- 
ever, prominent findings in the series. 
Other impressive clinical features were the 
appearance of a degree of vascular conges- 
tion on the plain film, which was out of 
proportion to the enlargement of the heart, 
and a degree of mitral insufficiency demon- 
strated on left ventriculography, which was 
out of proportion to the size of the left 
atrium. In addition, in approximately half 
the cases, careful cineangiographic exami- 
nation of valve movement suggested leaflet 
prolapse. Ronan and associates have stated 
that it is precisely because the left atrium 
does not significantly dilate that most of 
the unique features of acute severe mitral 
incompetence develop. Our series of pa- 
tients supports this view. The mechanism 
responsible for the configuration of the 
characteristic murmur was proposed by 
Sutton and Craige.‘° The left atrial pres- 
sure V wave rises to such heights in late 
systole that regurgitation diminishes in late 
systole and the murmur correspondingly 
decreases. Presystolic distention of the left 
ventricle and accompanying atrial sound 
are due to forceful contraction of the small, 
but relatively thick wall of the left atrium.?? 
We believe that the elucidation of this dis- 
tinctive clinical syndrome is an important 
contribution, as patients with acute disrup- 
tion of the mitral valve with relatively small 
thick-walled and non-compliant atria are 
subject to the rapid development of pul- 
monary venous congestion, producing pul- 
monary arterial hypertension with rapid 
and progressive deterioration. In our series 
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of 12 patients, there are three who demon- 
strated progressive deterioration from the 
time of admission to the hospital until op- 
eration could be performed. We, therefore, 
view these patients with acute severe mitral 
insufficiency as having an urgent indication 
for corrective operation. 


Operative Technic 


McGoon ?* in 1958 was the first to devise 
a surgical procedure for the correction of 
mitral insufficiency secondary to a dis- 
rupted mitral valve. He performed a leaflet 
plication in the region of the chordal dis- 
ruption. This procedure has been adopted,‘ 
or adopted and modified by others.^: '* Sub- 
sequently, plastic procedures for the recon- 
struction of insufficient valves with ruptured 
chordae tendineae have been devised and 
include direct suture of the involved chordae 
or leaflet to the papillary muscle, !?: ?? ?? or 
the use of artificial chordae constructed of 
silk,” dacron,?* or teflon.*? Reports of long- 
term follow-ups on patients undergoing 
McGoon’s reconstruction have been made 
by Ellis and co-workers, Hessel and co- 
workers," and Selzer and co-workers. 
Others ??: 31 $5 84 have expressed disappoint- 
ment with the use of any of these technics 
and have recommended total valve re- 
placement for all cases of acute disruption 
of the mitral valve. In this series of 12 pa- 
tients, three patients had chordal detach- 
ments of a limited degree who would have 
been suitable candidates for McGoon’s pro- 
cedure. The remaining nine patients either 
had total leaflet incompetence or leaflet in- 
volvement and would have had, we believe, 
unpredictable results with plastic valvular 
reconstruction and annuloplasty. Princi- 
pally because of the conflicting reports 
with the success of the plastic reconstruc- 
tion of disrupted valves, we chose to excise 
and replace all 12 disrupted valves with a 
prosthesis. For the past 314 years, we have 
routinely employed the Beall caged disc 
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prosthesis in the mitral position. This pros- 
thesis has given a remarkable performance 
in regard to thrombus formation (one se- 
vere stroke and two possible transient em- 
boli in a series of 116 prosthetic valve re- 
placements). Approximately 3 years ago, 
we devised a technic for insertion of this 
prosthesis which was designed to eliminate 
the possibility of peri-prosthetic fistulae. 
This technic involves placement of the 
prosthesis below the mitral annulus with 
sutures drawn through the sewing ring of 
the mitral prosthesis, then through the tis- 
sues of the mitral annulus, then through a 
square pledget of teflon felt. Using this 
technic in 75 patients, there has been no 
incidence of peri-prosthetic fistula requir- 
ing re-operation, or severe hemolytic ane- 
mia. 

Although the follow-up period in many 
of the patients is still relatively short, there 
have been no valve related complications 
in the series, except that the one fatality 
at one year postoperative, a fatal cerebral 
hemorrhage, must be considered as a pos- 
sible consequence of anticoagulation ther- 
apy. 


Summary 


A series of 12 patients with acute disrup- 
tion of the mitral valve has been reviewed. 
A congenital deformity of the valve was 
the causative factor of chordal disruption 
in one patient, a traumatic laceration was 
the cause of the disruption in one patient, 
papillary muscle necrosis was regarded as 
a consequence of ischemic heart disease in 
three patients and a consequence of bac- 
terial endocarditis in one patient. Six pa- 
tients had ruptures of the chordae ten- 
dineae in the presence of chronic valvulitis. 
The nature of the prior valvulitis could not 
be ascertained either by history or by 
pathologic examination of the valve. A dis- 
tinctive clinical entity has now been recog- 
nized and defined for patients with severe 
acute mitral insufficiency as a consequence 
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of valve disruption and appreciation of this 
syndrome permitted the preoperative diag- 
nosis of valvular disruption in 11 of the 12 
patients, Surgical management of all 12 pa- 
tients involved excision of the disrupted 
valve and replacement of the valve with a 
‘Beall valve prosthesis. A technic designed 
specifically to eliminate peri-prosthetic fis- 
tulae was employed in ten of the 12 pa- 
tients. There were no operative or hospital 
deaths in the series. There was a single late 
death one year after operation from mas- 
sive intracranial hemorrhage. Follow-up 
studies indicate that all 11 surviving pa- 
tients are greatly improved and nine of the 
1l have returned to full activity. 
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DISCUSSION 


Dr. CHARLES R. HATCHER, Jr. (Atlanta): | 
wish to compliment Dr. Weldon on his excellent 
presentation and truly superb results in the 
management of a most difficult series of patients. 

We have been particularly interested in the 
patients seen in the coronary care units who 
develop a truly acute mitral insufficiency related 
to papillary muscle disrupture. In those patients, 
since the cordae from both leaflets are attached 
to a papillary muscle, the infarction and disrup- 
tion, with necrosis, gives an extremely high grade 
insufficiency which necessitates operation within 
a matter of a few hours. We have found that ap- 
proximately three-fourths of these patients will not 
survive more than a day or two. 

It is necessary to have angiocardiography and 
perhaps catheterization to be absolutely certain 
that you are not dealing with rupture of a 
ventricular septum. So I would like to stress that 
this is a high grade insufficiency, but it can be 
salvaged, as Dr. Weldon has shown. 


I would also agree that the mitral valve re- 
placement would be the procedure of choice, 
particularly in that circumstance. Perhaps in the 
more semi-elective patients with caudal ruptures 
that have gone from some period of time, one 
does have a choice of either valve reconstruction or 
valve replacement, but I do not believe that in 
the patient with a truly acute, massive insufficiency 
this is the case. There I think you need the 
shortest possible operative procedure, and we have 
used the Bill prosthesis in this particular cir- 
cumstance. I agree with Dr. Weldon that, if prop- 
erly sutured in place, it is a very stable prosthesis. 
We have not noticed a large incidence of thrombo- 
embolism associated with its use. 


Dn. CLARENCE S. Wzrpow (Closing: I will 
close simply by thanking Dr. Hatcher for his kind 
remarks. I have for a long time been aware of the 
honor of election to this Association. Both Mrs. 
Weldon and I are delighted to be here, and ap- 
preciate my election to membership. 


Surgical Therapy of Type II Dissecting Aneurysm 
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ACUTE AORTIC DISSECTION, if untreated, is 
a lethal disease which has a one-month sur- 
vival of approximately 25 per cent and a 
one-year survival of approximately 10 per 
cent.! Formerly, no specific therapy existed 
for patients with acute aortic dissection; 
however, recently progress has occurred in 
the surgical management and antihyperten- 
sive treatment of certain patients with acute 
dissecting aneurysms. It is now apparent 
that dissecting aneurysm cannot be treated 
as a single entity. Variants of this disease 
carry different prognoses, and require dif- 
ferent modes of management." * * In 1965, 
DeBakey et al. suggested a clinical classifi- 
cation of dissecting aneurysms based on the 
location and extent of the dissection.? While 
this classification is not always applicable, 
it serves as a basis for gross separation 
of patients with dissecting aneurysm into 
prognostic and, perhaps, therapeutic cate- 
gories, In this schema, aortic dissections 
which are limited to the ascending thoracic 
aorta are termed Type II lesions. The pres- 
ent report concerns the experience with the 
surgical therapy of Type II aortic dissec- 
tions at the Vanderbilt University Center 
during a 4-year period. 


Observations 


During a 4-year period ending June, 
1971, six patients underwent surgical ther- 
apy for dissecting aneurysms that, by clini- 
cal and radiographic evaluation, was limited 
to the ascending thoracic aorta. Clinical 


Presented at the Southern Surgical Association 
Meeting held at Hot Springs, Virginia, December 
6-8, 1971. 


characterization of the six patients is sum- 
marized in Table 1. All of the patients were 
men, and the ages ranged between 40 and 
61 years. A predisposing condition ( Mar- 
fan's syndrome or hypertensive cardiovas- 
cular disease) was present in two patients. 
Acute chest pain was a prominent symptom 
in five of the six patients. Five patients 
demonstrated aortic insufficiency and con- 
gestive heart failure; the insufficiency was 
known not to exist prior to the dissection 
in four patients. One patient had an acute 
inferior myocardial infarction documented 
by both electrocardiographic and serum en- 
zyme changes. One patient developed syn- 
cope and shock on the basis of acute peri- 
cardial tamponade. Five of the six patients 
were hospitalized and treated symptomati- 
cally for a period of time prior to surgical 
intervention. The most frequent clinical 
diagnosis with which the acute episode was 
confused was that of acute myocardial in- 
farction. Aortography was performed in 
each patient prior to operation (Fig. 1). 
No clinical or radiographic evidence of dis- 
section beyond the ascending aorta was de- 
tected in any instance. The left ventricular 
end-diastolic pressure was elevated in the 
three patients in whom it was measured. 


Operative Treatment 


Cardiopulmonary bypass, with use of the 
femoral artery as the site of arterial return, 
was utilized for patient support during re- 
construction of the aortic root and ascend- 
ing thoracic aorta. The interval between 
dissection and surgical intervention, the 
type of operative procedure performed, as 
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TABLE 1. Clinical Findingsi 
Predisposing 
Case Age-Sex l'actors Syndrome Aortography* 
1 40-M Marfan's Pain, CHF Dissec. ATA & AI 
syndrome (80/15 — 21 mm. Hg) 
2 48-M None Pain, CHF Dissec. ATA & AI ° 
3 52-M None Pain, CHF Aneurysm} ATA & AI 
(130/0 — 20 mm. Hg) 
4 61-M HCVD Pain, AMI, CHF Dissec. ATA & AI 
5 51-M None Pain, syncope, Dissec. ATA 
tamponade 
6 59-M None CHF Dissec. ATA & Al 
(115/15 — 35 mm. Hg) 
I KEY: ATA — Ascending thoracic aorta 


HCVD — Hypertensive cardiovascular disease 
CHF  — Congestive heart failure 
AMI — Acute myocardial infarction 


well as the complications and ultimate out- 
come, are listed in Table 2. Because of the 
proximal extension of the dissection into 
the aortic sinuses with detachment of the 
aortic leaflets, it was necessary to replace 
the aortic valve in five instances (Fig. 2). 
In one patient the dissection had extended 


Fic. 1. Thoracic aortogram in Case 4. The dis- 
sected intima (arrows) is visible in the original 


roentgenograms. A large extension of the false 
lumen to the left of the ascending aorta is evi- 
dent as well as opacification of the left ventricle 
due to aortic regurgitation. 





Al]  — Aortic insufficiency. 
* Left ventricular pressure in parentheses. 
1 Dissection appreciated only at operation. 


into the right coronary artery and was 
thought to have produced an inferior myo- 
cardial infarction by the mechanism of par- 
tial and/or temporary occlusion of the 
proximal right coronary artery. After ex- 
cision of much of the ascending aorta, the 
proximal aorta was reconstituted by reap- 
proximating the outer and inner layers with 
a continuous suture. In five instances the 
distal dissection could not be completely 
excised and it was necessary to reconstitute 
the true lumen distally. 


Results 


All patients survived operation. Signifi- 
cant postoperative complications occurred 
in three patients. One patient required 
tracheostomy and ventilatory support dur- 
ing the early postoperative period. Another 
patient developed a superficial wound in- 
fection which resolved with drainage and 
antibioite therapy. The third patient ex- 
hibited postoperative bleeding which neces- 
sitated mediastinal exploration. This patient 
also demonstrated the low cardiac output 
syndrome which was treated with a con- 
tinuous isoproterenol drip for the first 4 
postoperative days. 

Follow-up extends to 3 years, 7 months 
(Fig. 3). Two late deaths have occurred. 
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TABLE 2. Operative Results} 


—_ Ce Ch ree eee 


Time of* 


Case Operation Operation 


Path Findings 


Post-Op. Complication Follow-up 


LLLKKKL —À 


1 Graft ATA & 3 months Mucoid degeneration Resp. insuff. Living (3 yr. 7 mo.) 
AVR of media 
SE. Graft ATA & 3 weeks Mucoid degeneration Wound infection Living (2 yr. 3 mo.) 
AVR of media 
3 Graft ATA & 5 weeks Mucoid degeneration None Living (1 yr. 6 mo.) 
AVR of media 
4 Graft ATA & 3 weeks Atherosclerosis None Late death (83 mo.) 
AVR 
5 Graft ATA 12 hours Mucoid degeneration None Living (11 mo.) 
of media 
6 Graft ATA & 7 months Mucoid degeneration Postoperative Late death (5 mo.) 
AVR of media hemorrhage & LCOS 


I KEY: 
ATA — Ascending thoracic aorta 
AVR — Aortic valve replacement. 
LCOS — Low cardiac output syndrome. 
* Time between acute dissection and operation. 


One patient was admitted to the hospital 
in profound shock 5 months postoperatively. 
Shock appeared 2 days following extraction 
of teeth and 1 day after vigorous diuresis. 
Despite supportive therapy, the patient suc- 
cumbed within 48 hours and at autopsy no 
adequate explanation of the shock could be 
found. The reconstructed aorta as well as 
the distal aorta showed no evidence of re- 
currence or progression of the dissection. 
There was a recent but antemortem clot on 
the Starr-Edwards aortic valve prosthesis. 
However, the relationship of the clot to the 
terminal episode is not clear. The second 
late death occurred 844 months postopera- 
tively. This patient had severe hypertensive 
cardiovascular disease which was controlled 
with difficulty. He complained of pain in 
the neck and succumbed while enroute to 
a medical facility. No autopsy was obtained. 
It is suspected that he had an extension of 
his dissection. The only other significant 
late complication was that of an episode of 
bacterial endocarditis which occurred 10 
months postoperatively. The infection was 
controlled by a prolonged regimen of anti- 
biotics. The patient survives 17 months after 


treatment of endocarditis with no signs of 
persistent infection. The four surviving pa- 
tients have no significant functional in- 
capacitation. 


Discussion 


It is apparent that no uniform therapeutic 
approach is optimal for all patients with 
acute aortic dissection. Aortographic defini- 
tion and classification of dissecting aneu- 
rysm is necessary if one is to choose the 
most appropriate therapy in many in- 
stances. The diagnosis of dissecting aneu- 
rysm, while obvious in some cases, fre- 
quently cannot be made on clinical evalua- 
tion alone. It is mandatory that through 
aortographic study be performed, not only 
to confirm the clinical diagnosis of dissect- 
ing aneurysm, but to determine the site of 
the intimal tear(s) as well as the extent of 
the dissection. Type I aortic dissections 
begin in the ascending aorta and extend 
into the aortic arch; they may extend 
throughout the entire aorta and even into 
the iliac arteries.? Unfortunately, this is the 
most frequent type and carries the worst 
prognosis.* ^9 This is the “classic aortic 
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Fic. 2A. wi hdi a technic used in treating 
Type II aortic dissections. The extent of aortic re- 
section is shown. 


dissection,” with death usually resulting 
from exsanguination.* Type III lesions begin 
in the descending thoracic aorta and extend 
distally, often into the abdominal aorta.” 
In the absence of therapy, Type III dissec- 
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Fic. 2B. Most of the ascending aorta has been 
excised, the distal and proximal aortic lumen is 
reconstituted by the over-and-over suturing of the 
inner and outer layers, and an aortic valve pros- 
thesis (a Bjork prosthesis is illustrated) is readied 
for implantation. 
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tions have a better prognosis than do Type 
I and Type II lesions.^ ^* Lindsay and 
Hurst found that the one-month survival 
for patients with Type III dissections is 
approximately 65 per cent; whereas, it is 
only 5 per cent for patients with Type I 
or Type II lesions.? j 

Type II lesions make up approximately 
10-15 per cent of all aortic dissections.* Pa- 
tients with certain connective tissue defects, 
such as Marfan’s syndrome, have a pro- 
pensity to develop Type II dissections.” The 
symptoms and signs resulting from Type II 
lesions are less protean than those resulting 
from Type I and Type III lesions. Chest 
pain is the usual presenting complaint. Type 
II lesions can also produce symptoms by 
hemorrhage into either the pericardium or 
mediastinum, interference with coronary 
arterial flow, and by detachment of the 
aortic valve leaflets. The plain chest roent- 
genograms in Type II dissections may re- 
veal no abnormality of the aortic arch. Also, 
clinical evaluation does not reveal diminu- 
tion of peripheral pulses or the presence of 
neurologic signs. Aortography is, therefore, 





Fic. 2C. The aortic reconstruction is near 
completion. 
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essential in establishing the diagnosis of a 
Type II dissecting aneurysm. As Type II 
dissections become chronic, the ascending 
aorta may enlarge progressively, the dissec- 
tion may extend distally to convert the le- 
sion to a Type I dissection, and aortic in- 
sulliciency may progressively worsen. 
Recently, the aggressive use of antihyper- 
tensive therapy for acute dissecting aneu- 
rysm has been popularized.*: *:? This is in- 
deed an adjunct to the management of 
many patients with acute dissecting aneu- 
rysm. Lindsay and Hurst, however, have 
emphasized that antihypertensive treatment 
is more often applicable to the patients with 
a Type III lesion than to those with a 
Type I or Type II dissection.* Also, Type 
II lesions (in contrast to Type I and Type 
II lesions) tend to occur in patients who 
have hypertensive cardiovascular disease. 
Lindsay and Hurst list five contraindica- 
tions to the use of antihypertensive therapy 
in acute aortic dissection.’ These contra- 
indications are present more frequently in 
patients with Type I or Type II aortic dis- 
sections ( Table 3). Other investigators have 
been less restrictive in accepting patients 
for non-operative management.* Complica- 
tions such as pericardial tamponade and 
aortic insufficiency may force operative in- 
tervention in patients with Type II dissec- 
tions. Even in the absence of such com- 
plications, there has been little reported 
experience with the "aggressive medical 
treatment" of Type II dissections.? 
Surgical therapy of aortic dissection opti- 
mally consists of complete excision and 
graft replacement of the dissection. When 
complete excision is not feasible, excision 
of the area of communication (tear) be- 
tween the aortic lumen and the false lumen, 
exclusion of the aortic stream from the 
distal extension of the false channel by re- 
approximating the outer and inner layers 
of the aortic wall, and correction of certain 
hemodynamic defects (aortic insufficiency, 
branch arterial obstruction, etc.) caused by 
the dissection are attempted.? Complete ex- 





Fic. 3A. Preoperative roentgenogram of patient 
with Type II aortic dissection and massive aortic 
insufficiency. The end-diastolic pressure was 35 
mm. Hg. Cardiomegaly, pulmonary edema and 
pleural effusion are present. 





Fic. 3B. Roentgenogram of the same patient 
6 weeks postoperatively. The congestive heart fail- 
ure has resolved. 





TABLE 3. Contraindications to Antihypertensive 
Therapy} 
Incidence by Type 
Contraindication I & II IL 
Hypotension 20% % 
Loss of pulses 605; 10% 
Neurological deficit 60°; 5% 
Aortic regurgitation 50% 10% 
Pericardial tamponade* Yes No 





1 From Lindsay and Hurst.? 
* Usually terminal event rather than presenting 
finding. 


cision of the dissection, can only rarely be 
realized; however, this can sometimes be 
accomplished in Type II aortic dissections. 

Five of the six patients in this series had 
gross aortic insufficiency and congestive 
heart failure in association with a Type II 
aortic dissection. Aortic valve replacement 
was necessary to restore competency in 
each instance. The aortic valve leaflets 
themselves were not diseased and the in- 
sufficiency was produced by lack of support 
of the intimal attachment of the valve com- 
missures resulting from proximal dissection. 
It has been suggested that this can be cor- 
rected in the acute stage by restoring proper 
fixation of the aortic leaflet attachments dur- 
ing suture approximation of the inner and 
outer layers of the dissecting process. If re- 
approximation of the inner and outer layers 
of the dissection does appear to restore 
aortic valvular competency the operation is 
considerably shortened and simplified. This 
consideration is a cogent reason for recom- 
mending prompt operation for this group 
of patients. The inadequacies of surgical 
treatment of Type II aortic dissections in- 
clude the high morbidity which is asso- 
ciated with such an extensive reconstruction 
of the aortic root and the ascending aorta, 
the potential for recurrent aortic dissection 
in the postoperative period, and the late 
hazards of valvular prosthesis implantation. 

It is our impression from the experience 
reported by others as well as our own that 
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dissections involving the ascending aorta 
are particularly hazardous. Based upon the 
considerably worsened prognosis associated 
with dissections involving the ascending 
aorta, it is our belief that prompt surgical 
therapy is urgent in this situation. The 
present small series, as well as experiences 
reported by others, support the validity of 
offering surgical therapy to all patients with 
a Type II aortic dissection. ^: ^* 


Summary 


During a 4-year period ending June, 
1971, six patients with a Type II dissecting 
aneurysm (dissection limited to ascending 
aorta) have undergone surgical interven- 
tion at the Vanderbilt University Medical 
Center. All patients were men and the ages 
ranged from 40 to 61 years. One patient 
had Marfan's syndrome and another patient 
had documented systemic hypertension 
prior to occurrence of the dissection. In five 
instances, the time of the dissection was 
clearly delineated by history. In five pa- 
tients, there was aortic insufficiency and 
congestive heart failure as part of the pre- 
senting syndrome. One patient presented 
with acute dissection and pericardial tam- 
ponade. Each patient was subjected to re- 
section of the ascending aorta and in five 
instances concomitant replacement of the 
aortic valve was necessary. All patients sur- 
vived operation. There have been two late 
deaths. One patient died of shock due to 
unknown cause 5 months postoperatively. 
A second patient died, probably of dissec- 
tion, 8/5 months postoperatively. The only 
other late complication was that of bacterial 
endocarditis which developed 10 months 
postoperatively and was treated successfully 
with a prolonged regimen of antibiotics. 
The remaining four patients are surviving 
11 months to 3 years and 7 months post- 
operatively with complete rehabilitation to 
their prior hemodynamic state. The results 
obtained in the present small series as well 
as review of the literature suggests that all 
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patients with Type II dissections should be 
treated by surgical intervention. 
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DISCUSSION 


Dn. Hargis B. SuuMacKeEnR, Jr. (Indianapolis): 
I would like to support Dr. Killen and his 
associates in their conclusion that this condition 
is treated with considerable satisfaction by opera- 
tive means. 

Last spring at the Thoracic Association I pre- 
sented my personal experiences over an 8-year 
period with the operative treatment of aneurysms 
of the thoracic aorta due to cystic medial necrosis, 
the vast majority of which were dissecting an- 
eurysms. A substantial number involved the de- 
scending thoracic aorta alone. There were, how- 
ever, 12 patients in whom the operative attack 
was upon the ascending aorta with total cardio- 
pulmonary bypass. 

Four of these patients had chronic aneurysms, 
two with obvious chronic dissection, two without. 
All four had wide-open aortic insufficiency, with 
massive chronic left ventricular failure. In all 
four, the aneurysm involved only the ascending 
aorta. In these four it was necessary to replace 
the aortic valve as well as the involved segment 
of aorta. 

The other eight were all operated upon in the 
acute phase. None of them was a Type II. In all 
the dissection involved a portion or all of the 
descending thoracic aorta. Seven of these eight 
had obvious acute aortic insufficiency. In all of 
these patients it was possible to re-suspend the 
otherwise normal aortic valve and to obtain an 
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excellent result and in none of these eight in- 
stances of acute dissection was prosthetic valve 
inserted. In no patient is there any hemodynam- 
ically significant aortic insufficiency. 

The operative mortality must be relatively low. 
One of the chronic instances required a second 
valve replacement years later because of throm- 
boembolic complications. Hence, there were 13 
operative procedures upon 12 patients, and, like 
those of Dr. Killen, all of them survived the opera- 
tion and left the hospital in good condition. 


Dr. Duncan A. Kuren (Cosing): I would 
point out again that in our most acute patient we 
did not replace the aortic valve. In each of the 
other patients we did replace the valve; the shortest 
time between dissection and operation, I believe, - 
was 3 weeks, so that five were more or less in the 
chronic category. We would certainly agree that 
in the acute dissections you probably have a 
much better chance to repair the aortic valve, 
such that it does not need replacement. 

I think that patients who are admitted to 
coronary care units with chest pain and without 
the clear evolution of a myocardial infarction will 
be looked at more aggressively by the cardiologist 
in the future and perhaps there will be more 
early diagnoses of the Type II dissections. 

The plain roentgenogram may not be very 
helpful since the arch and descending thoracic 
aorta are not involved, and only aortography 
can be used to rule this entity in or out, 
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In THE past 4 years eonsiderable experi- 
ence has been gained in the surgical treat- 
ment of coronary artery disease. Aorta to 
coronary artery bypass grafts utilizing a 
reversed saphenous vein have become ac- 
ceptable procedures with low mortality and 
excellent immediate postoperative results." 
f: 7, 8, 9,12, 18, 14, 15, 20 "There have been few re- 
ports concerning patient selection. John- 
son *'? has used little patient selection in 
his aggressive approach of treatment of 
coronary artery disease. On the other hand, 
Favaloro and Effler ® have limited the scope 
of the procedure to patients with rela- 
tively good ventricular function. Recently 
Spencer ™ has reported his experience with 
coronary artery bypass graft in patients 
with congestive heart failure. Flemma 5 re- 
ported 13 patients having combined valve 
replacement and coronary artery bypass 
grafts. This report presents our experience 
with coronary artery bypass grafts in pa- 
tients with severe end stage coronary artery 
disease. 


Clinical Material 


Through October, 1971, 1,152 patients 
underwent coronary artery bypass proce- 
dures for coronary artery disease. Patients 
have been classified on the basis of pre- 
operative symptoms, preoperative electro- 
 cardiograms, number of significantly dis- 
eased vessels, New York Heart functional 
classification, ventricular function, previous 
myocardial infarction, and associated dis- 
ease. In taking these parameters into con- 
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sideration, we have classified a segment of 
these patients into three groups indicating 
end stage coronary artery disease. The first 
group includes all 251 patients with pre- 
operative symptoms of congestive heart fail- 
ure treated by diuretics who had left ven- 
tricular 2nd diastolic pressures over 20 mm. 
Hg and had poorly contracting ventricles 
with decreased ventricular function. One 
third of these patients had severe conges- 
tive heart failure with moderate or severe 
angina classified as functional Class IV. The 
other two thirds had severe angina plus 
congestive heart failure of functional Class 
ITI. It is significant to note that 98% of the 
patients with failure had some degree of 
angina pectoris. Only five patients were 
operated on for congestive heart failure 
alone and all these patients had relatively 
poor results. The number of vessels signifi- 
cantly diseased; that is, with more than 
50% stenosis of a major coronary artery, 
was the same in this group as the general 
group ard the following groups. Over 60% 
of these patients had at least one previous 
myocardial infarction. Group I patients 
comprised 21% of the entire group or 251 
patients (Table 1). 

Another manifestation of end stage coro- - 
nary artery disease was considered to be 
severe angina pectoris at rest rendering the 
patient completely incapacitated (Group 
II). Thus, 17% of the entire group or 196 
patients had functional Class IV angina 
without signs of congestive heart failure. 
These patients were confined to bed rest 
and light activity only and frequently took 
up to 2C nitroglycerin tablets per day. A 
small percentage were narcotic addicts and 
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most had been hospitalized for long periods. 


of time, Ventricular function was relatively 
. better in this group of patients since the 
left ventricular end diastolic pressure dem- 
onstrated only minor elevations without any 
patients having left ventricular end diastolic 
pressure over 20 mm. Hg. The distribution 
of significance vessel disease was the same 
in this group as the general group, and it is 
of some significance that 1196 of this group 
had only single vessel disease. Nonetheless, 
the duration of symptoms was longer and 


the occurrence of preoperative myocardial 


infarction was greater. 

Group III of end stage disease consists of 
4l patients who had ancillary cardiac pro- 
cedures in conjunction with coronary bypass 
grafts. There were 21 left ventricular aneu- 
rysm resections combined with aorta-coro- 
nary artery bypass grafts. This small num- 
ber reflects our hesitancy to resect ventricu- 
lar mass which serves as a source of col- 
lateral pathways. Ventricular aneurysms 
were resected only in patients in whom 
intraventricular clot could be demonstrated 
or large ventricular areas with true para- 
doxical pulsations were present and con- 
sidered to interfere markedly with cardiac 
output. Calcific aortic valves were the next 
most common lesion in association with 
coronary artery disease. There were 15 
aortic valves replaced concomitantly with 
single or double aorta-coronary bypass 
grafts, Five patients had mitral valve re- 
placement because of papillary muscle dys- 
function or dilated mitral annulus. As an 
attempt to repair severe end stage disease, 
ten patients had concomitant left ventricu- 
lar aneurysmectomy, aortic or mitra] valve 
replacement and one or two coronary artery 
bypass grafts. Table 1 demonstrates the 
multiple procedures done. 

Therefore, according to the above cri- 
terion, 488 patients or 43% of the entire 
group of 1,152 patients undergoing coronary 
artery bypass procedures could be classified 
as end stage coronary artery disease (Table 
1). It is obvious that the patients having 
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TABLE 1. 

Number % 

Congestive heart failure 251 21 
Functional class IV angina 196 17 
Ventricular aneurysm 21 1.7 
Valve dysfunction 20 1.6 
Valve dysfunction + ventricular 10 0.9 


aneurysm 


* 43% of entire group classified as “end stage” 
disease. 


valvular dysfunction and ventricular aneu- 
rysms represented the highest risk group of 
patients. All of these patients had .conges- 
tive heart failure. The first group of patients 
with coronary artery disease causing con- 
gestive heart failure also have been con- 
sidered to be a high risk group because of 
the presence of poor ventricular function. 


Operative Technic 


Our operative technic has been described 
previously.!? 14:17 All aorta coronary artery 
bypass grafts were done utilizing total car- 
diopulmonary bypass with hemodilution 
and 5% dextrose and lactated Ringer’s 
prime solution with a disposable bubble 
oxygenator. Ischemic arrest by aortic occlu- 
sion was utilized for the distal anastomosis 
and occasionally the distal and proximal 
anastomosis. The safety of ischemic arrest 
under normothermic conditions has been 
previously reported.!* A reversed saphenous 
vein autograft was inserted distal to the 
diseased vessel. Anastomosis was accom- 
plished end-to-side with a continuous su- 
ture of 6-0 polypropylene, Neither manual 
core endarterectomy nor gas endarterec- 
tomy has been utilized. Bypass grafts have 





TABLE 2, 
Aortic valve replacement 15 
i Mitral valve replacement 5 
Ventricular aneurysmectomy 21 
^ Aortic valve -+ aneurysmectomy 4 
Mitral valve -++ aneurysmectomy 6 
Total 41 
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TABLE 3, 
Operative Late 
Fo % 

Congestive heart failure* 10.4 3 
Functional class [V angina 12.3 3.9 
Ventricular aneurysm 12.5 5 
Valve replacement 20 2 
Valve replacement -+ ventricular 30 15 

aneurysm 

* 08% had angina pectoris. 


generaly been performed to vessels with 
more than 5096 luminal constriction. We 
have continued to favor two bypass grafts 
and less frequently employ triple grafts, 
according to considerations of the collateral 
pathways. The proximal anastomosis is ac- 
complished by a continuous suture of 5-0 
polypropylene with an end-to-side vein graft 
to ascending aorta anastomosis. Separate 
aortotomies are done in multiple graft pro- 
cedures. Care is taken to avoid the introduc- 
tion of air into the coronary circulation after 
completion of the anastomosis. Postopera- 
tive treatment is the same as for other car- 
diac procedures and we have not employed 
anti-coagulation in the patients. 


Results 


Mortality 


The overall operative mortality; that is, 
up to the 30th postoperative day in the 
entire 1,152 patients, was less than 6%. 


All grafts 
End stage 


Multiple procedures 


PERCENT SURVIVAL 


0 l 2 3 
YEARS POST OPERATIVE 


Fic. 1. Postoperative survival of patients following 
coronary artery bypass. 
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Fic. 2. Postoperative improvement in patients 
following. coronary artery bypass according to 


cardiologist. 


Operative mortality has been previously 
correlated with a functional classification 
and number of diseased arteries.!'* The mor- 
tality, operative and late (up to 3 years) 
in patients classified as end stage disease, 
is seen in Table 3. The operative mortality 
in these patients with end stage disease is 
higher than the overall group of patients. 
In fact, of the last 208 patients undergoing 
coronary artery bypass, excluding this group 
of end stage patients, the mortality rate was 
less than 196. The greatest cause of death 
was low cardiac output from myocardial 
damage..Patients with poorly contracting 
ventricles, as present in the congestive 
heart failure group, had a mortality of 
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Fic. 3. Postoperative angina in patients with 
peers heart. failure following coronary artery 
ypass. 
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10.4%. Functional Class IV angina patients 
had twice the mortality of the overall group 
(12.3% ). Patients who had left ventricular 
aneurysms resected had a mortality of 
12.5% and valve replacement patients who 
had coronary artery bypass grafts in con- 
junction with mitral or aortic valve replace- 
ment demonstrated a 20% operative mor- 
tality. In the highest risk group; that is, 
those patients having valve replacement 
plus ventricular aneurysmectomy plus coro- 
nary artery bypass, the mortality rate was 
30%. Most of the patients were bedridden 
with desperate situations. These patients 
surely would not have survived longer than 
a few months. In two of these patients 
the aneurysm extended into the entire ven- 
tricular septum which was transparent at 
autopsy. 

On the other hand, the late mortality in 
the congestive heart failure patients and 
functional Class IV patients compared 
favorably with the late mortality for the 
general group of patients. Eight hundred 
twenty-one patients have been followed 
from 6 months to 3 years postoperatively 
with an average follow-up of 18 months. 
Late mortality has been 3.5% as seen in 
Figure 1 and Table 3. The low late mortal- 
ity of 2% in patients with valve replace- 
ment with vein grafts may have been for- 
tuitous as a result of the small number of 
patients having valve replacement. The late 
mortality in patients with ventricular aneu- 
rysmectomy could be correlated with the 
amount of fibrosis present in the remaining 
myocardium as seen at operation. The late 
mortality in the remaining groups of pa- 
tients, however, did not correlate well with 
severity of disease. 


Postoperative Assessment 


Because of the clinical and logistic prob- 
lems resulting from the large number of pa- 
tients involved, postoperative cardiac cath- 
eterizations and cine arteriograms are pres- 
ently limited to the patients returning with 
change in the postoperative status. In the 
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Fic. 4. Postoperative angina in functional Class 
IV patients with augina following coronary artery 
bypass. 


initial phase of the study, cardiac catheter- 
izations and cinearteriograms were done 
from 1 month to 1!4 years postoperative 
demonstrating graft patency of 85% with a 
change in patency of 1 to 3% per year." 
Presently, postoperative ventricular func- 
tion studies are being evaluated on selected 
patients. Patients with return of preopera- 
itve symptoms who had good results fol- 
lowing operation have been studied, and 
there is correlation between symptom onset 
and occlusion of the vein graft or progres- 
sion of distal disease. 

The postoperative improvement as as- 
sessed by the attending cardiologists in pa- 
tients with end stage disease is shown in 
Figure 2. In comparing the improvement 
with patients who were followed for a 
similar period with all types of indications 
for coronary artery surgery, there is little 
difference. Marked improvement was pres- 
ent in 75% of all patients. Moderate im- 
provement was present in 22% of the pa- 
tients and the remainder had slight or no 
improvement. In the group with end stage 
disease, there was marked improvement in 
60% and moderate improvement in 29%. 
Therefore, 89% of the patients with end 
stage disease had some degree of improve- 
ment. 

The presence of postoperative angina in 
patients with congestive heart failure is il- 
lustrated in Figure 3. The group was di- 
vided into angina and congestive heart fail- 
ure which was classified as functional Class 
III, and angina and congestive heart failure 
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PERCENT PATIENTS 
* 92% were classified as having marked to moderate Improvement 


Fic. 5. Postoperative symptoms in patients with 
congestive heart failure following coronary artery 


bypass. 


with functional Class IV. With 85% follow- 
up from 6 months to 3 years and average 
follow-up of 144 years, there were no symp- 
toms present in 81% of the patients who 
had Class III symptoms preoperatively. 
Exercise angina of a moderate degree was 
present in 13% of the patients and this was 
controlled with nitroglycerin. A very small 
percentage had some angina at rest. On the 
other hand, no symptoms were present in 
38% of patients with Class IV symptoms. 
Furthermore, 36% of these patients had 
mild angina with exercise and 8% had 
moderate angina with exercise. Rest angina 
of a mild degree persisted in 10% of the 
patients and to a moderate degree in 8% of 
the patients. Yet most of these patients were 
considered improved as previously shown 
(Fig. 2). 
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Fic. 6. Postoperative work status of patients 
with end-stage coronary artery disease following 
coronary artery bypass. 
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Postoperative angina patterns in func- 
tional Class IV angina patients without con- 
gestive heart failure is seen in Figure 4. 
Fifty per cent of the patients had no symp- 
toms whatsoever and this is rather remark- 
able since all these patients had been in 
capacitated by symptoms preoperatively. 
Mild angina on exercise was still present in 
29% of the patients and 12% of the patients 
had moderate angina on exercise. Severe 
rest and exercise angina persisted in 6% 
of the patients postoperatively. 

The symptoms of congestive heart failure 
in patierts who had Class IV congestive 
heart failure and angina preoperatively are 
demonstrated in Figure 5. No symptoms 
were present in 3895 of the patients. Mild 
dyspnea persisted in 1196 and moderate 
dyspnea in 1096 of the patients. Orthopnea 
was present in 596 to a mild degree and an 
additonal 596 to a moderate degree. Recur- 
rent pulmonary edema occurred in 696 of 
the patients postoperatively. These patients 
were hospitalized for pulmonary edema and 
were considered to be poor results. 

On repeated analysis of postoperative 
symptoms, there has been little change in 
the pattern of postoperative improvement 
over the relatively short period of 3-year 
follow-up. From 3 to 596 of the patients 
deteriorated to some degree and this may 
be associated with the occlusion of the vein 
grafts or extension of the distal disease. 

Despite the severe preoperative symp- 
toms of end stage coronary artery disease 
patients, it is interesting to note the high 
postoperative work status of most patients 
rendering most of them productive (Fig. 6). 
Full-time work was achieved by 7596 of 
the patients who had angina and congestive 
heart failire of Class III degree contrasted 
to 58% of congestive heart failure of Class 
IV degree. Approximately 2096 of both 
Class IV groups remain disabled and only 
1296 of the Class III group with congestive 
heart failure remained medically disabled 
postoperatively. 
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It is obvious that comparison with func- 
tional studies is needed to render this data 
more meaningful, however, one cannot over- 
look the tremendous improvement in this 
desperately ill group of patients coupled 
with low operative and still lower late mor- 
tality rates. 


Discussion 


" 


After more than 3 years of experience 
with the coronary artery bypass procedures, 
a knowledgeable perspective can be gained. 
It is obvious that the sickest patients rep- 
resent the highest risk. The risk of opera- 
tion should not exceed the risk of survival 
in the disease state. Because of the complex 
nature of the different parameters of coro- 
nary artery disease, it is virtually impossible 
to compare a large surgically treated group 
with a large group of medically treated pa- 
tients with similar lesion. There is no ques- 
tion that symptomatically surgical patients 
are markedly improved. Supporting reports 
of improvement in ventricular function 
measurements have increased in number,’ 
10, 11, 18,19 however, the basic problem of 
measuring ventricular function has pre- 
vented any analysis of a large group of 
patients. 

Increased survival and prevention of 
myocardial infarction must at least parallel 
the results obtained by medical therapy. 
Our late mortality at 3 years of 3.5% ap- 
pears encouraging especially in this end 


stage group of patients. Operative mortality - 


has decreased significantly in the past 3 
years. When comparing the operative group 
of patients to a similar series of non-oper- 
ated patients as presented by Diethrich, 
there is no question that survival is better 
with operation. 

The long-term fate of the saphenous vein 
has also been in question. We have seen 
on rare occasions, a case of thickening of 
the vein graft, however, we presently have 
many patients with saphenous vein grafts 
to the peripheral arteries and renal arteries 
with excellent 10-year follow-up results. 
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Recently, a follow-up arteriogram 7.5 years 
after aorta to left coronary artery bypass 
performed in our center by Garrett showed 
the vein graft to be perfectly normal in 
appearance.’ 


Summary 


In an attempt to utilize selection in pa- . 
tients for coronary artery bypass surgery, 
patients with end stage disease have been 
analyzed in terms of operative mortality, 
late mortality, and long-term follow-up. Pa- 
tients with end stage disease have been de- 
fined as patients with poorly functioning 
left ventricles and resultant congestive 
heart failure; patients with functional Class 
IV angina pectoris; and patients requiring 
valve replacement or ventricular aneurysm- 
ectomy or both for treatment of the destruc- 
tive forces of coronary occlusive disease. 
Considering the seriousness of the disease, 
the first two groups of patients compared 
favorably to all the patients undergoing 
coronary artery bypass operation during the 
time period under study. Results in patients 
requiring ventricular aneurysmectomy or 
valve replacement with bypass are promis- 
ing but show remaining problems with re- 
spect to operative and late mortality and 
myocardial improvement. 
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The day started right for 
innie. That young 
doctor feller gave her 
— Doxidan to take last night. 
-And it worked! 
Danthron made it certain — 
Because it's an efficient, 
predictable, highly specific 
peristaltic stimulant. 
D.C.S. (dioctyl calcium 
sulfosuccinate) made it easy — 
Because it softens stools 
naturally, gently. Without 
distention. Without adding 
sodium to the system. 
Minnie figures she's got the 
smartest doctor in town. 
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As medical experience 
defines more and more 
patients who should be spared 
the severe depressant effects of 
narcotic analgesics... 
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Population 
in need 
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Talwin 


pentazocine 


(as lactate) 


When circumstances call Talwin® provides analgesic 
for a potent analgesic, efficacy comparable to that 
vulnerability to the of morphine and meperidine, 
depressant effects but with fewer significant 
(circulatory, respiratory, adverse effects: 


urinary ) of narcotics may 


i Compared to morphine, Talwin 
be increased: 


! , . causes less severe respiratory 
in patients with depression, hypotension, urinary 


a retention, constipation. 
e chronic illness 


e advanced age Talwin is less likely to cause 
e chronic obstructive nausea, vomiting, diaphoresis 
lung disease than meperidine. 


e pleural effusion 

e cirrhosis 

e myocardial 
infarction Not subject to narcotic controls. 

* prostatic 


Tolerance to analgesic effect has 
not been reported. 


See next page for a discussion of 





: hypertrophy warnings, precautions, adverse 
in patients who have had reactions and other Prescribing 
: Information. 
e general anesthesia 
e considerable Injectable 
blood loss 
e muscle relaxants 
for surgery 
d EH man th Brand of [3 
„and in many other pentazocine 
patients , 0 
when depression of in moderate 
respiration, circulation, : 
or urinary retention to severe p am 


should be minimized. 


Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Available in 
JO ms., 45mg., and 6Omg. 
strengths: 


little, if any, increase in incidence 
or severity of adverse reactions 
reported with increased doses of 
45 mg. or 60 mg. 


Indications: For the relief of moderate 
to severe pain. Talwin may also be used 
for preoperative or preanesthetic medi- 
cation and as a supplement to surgical 
anesthesia. 


Contraindications: Talwin should not be 
administered to patients who are hyper- 
sensitive to it. 


Warnings: Head Injury and Increased 
Intracranial Pressure. The respiratory 
depressant effects of Talwin and its po- 
tential for elevating cerebrospinal fluid 
pressure may be markedly exaggerated 
in the presence of head injury, other 
intracranial lesions, or a preexisting in- 
crease in intracranial pressure. Further- 
more, Talwin can produce effects which 
may obscure the clinical course of pa- 
tients with head injuries. In such pa- 
tients, Talwin must be used with extreme 
caution and only if its use is deemed 
essential. 


Usage in Pregnancy. Safe use of Talwin 
during pregnancy (other than labor) has 
not been established. Animal reproduc- 
tion studies have not demonstrated tera- 
togenic or embryotoxic effects. However, 
Talwin should be administered to preg- 
nant patients (other than labor) only 
when, in the judgment of the physician, 
the potential benefits outweigh the pos- 
sible hazards. Patients receiving Talwin 
during labor have experienced no ad- 
verse effects other than those that oc- 
cur with commonly used analgesics. 
Talwin should be used with caution in 
women delivering premature infants. 


Drug Dependence. Special care should 
be exercised in prescribing pentazocine 
for emotionally: unstable patients and 
for those with a history of drug misuse. 
Such patients should be closely super- 
vised when long-term therapy is con- 
templated. There have been instances 
of psychological and physical depend- 
ence on Talwin in patients with such a 
history and, rarely, in patients without 
such a history. Abrupt discontinuance 
following the extended use of parenteral 
Talwin has resulted in symptoms such 
as abdominal cramps, elevated tempera- 
ture, rhinorrhea, restlessness, anxiety, 
and lacrimation. Even when these oc- 
curred, discontinuance has been ac- 
complished with minimal difficulty. In 
the rare patient in whom more than 
minor difficulty has been encountered, 
reinstitution of parenteral Talwin with 
gradual withdrawal has ameliorated the 
patient's symptoms. Substituting metha- 
done or other narcotics for Talwin in 
the treatment of the Talwin abstinence 
syndrome should be avoided. 


In prescribing parenteral Talwin for 
chronic use, particularly if the drug is 
to be self-administered, the physician 
should take precautions to avoid in- 
creases in dose and frequency of injec- 
tion by the patient and to prevent the 
use of the drug in anticipation of pain 
rather than for the relief of pain. 


Just as with all medication, the oral 
form of Talwin is preferable for chronic 
administration. 


Acute CNS Manifestations. Patients re- 
ceiving therapeutic doses of Talwin 
have experienced, in rare instances, 
hallucinations (usually visual), disorien- 
tation, and confusion which have cleared 
spontaneously within a period of hours. 
The mechanism of this reaction is not 
known. Such patients should be very 
closely observed and vital signs 
checked. If the drug is reinstituted it 





should be done with caution since the 
acute CNS manifestations may recur. 


Usage in Children. Because clinical ex- 
perience in children under twelve years 
of age is limited, the use of Talwin in 
this age group is not recommended. 


Ambulatory Patients. Since sedation, 
dizziness, and occasional euphoria have 
been noted, ambulatory patients should 
be warned not to operate machinery, 
drive cars, or unnecessarily expose 
themselves to hazards. 


Precautions: Certain Respiratory Condi- 
tions. The possibility that Talwin may 
cause respiratory depression should be 
considered in treatment of patients with 
bronchial asthma. Talwin should be ad- 
ministered only with caution and in low 
dosage to patients with respiratory de- 
pression (e.g., from other medication, 
uremia, or severe infection), obstructive 
respiratory conditions, or cyanosis. 


Impaired Renal or Hepatic Function. Al- 
though laboratory tests have not indi- 
cated that Talwin causes or increases 
renal or hepatic impairment, the drug 
should be administered with caution to 
patients with such impairment. Exten- 
sive liver disease appears to predispose 
to greater side effects (e.g., marked 
apprehension, anxiety, dizziness, sleepi- 
ness) from the usual clinical dose, and 
may be the result of decreased metabo- 
lism of the drug by the liver. 


Myocardial Infarction. As with all drugs, 
Talwin should be used with caution in 
patients with myocardial infarction who 
have nausea or vomiting. 


Biliary Surgery. Until further experience 
is gained with the effects of Talwin on the 
sphincter of Oddi, the drug should be 
used with caution in patients about to 
undergo surgery of the biliary tract. 


Patients Receiving Narcotics. Talwin is 
a mild narcotic antagonist. Some pa- 
tients previously receiving narcotics 
have experienced mild withdrawal symp- 
toms after receiving Talwin. 


CNS Effect. Caution shoulc be used 
when Talwin is administered to patients 
prone to seizures; seizures have oc- 
curred in a few such patients in associa- 
tion with the use of Talwin although no 
cause and effect relationship has been 
established. 


Adverse Reactions: The most commonly 
occurring reactions are: nausea, dizzi- 
ness or lightheadedness, vomiting, eu- 
phoria. 


Infrequently occurring reactions are— 
respiratory: respiratory depression, dysp- 
nea, transient apnea in a small number 
of newborn infants whose mothers re- 
ceived Talwin during labor; cardiovascu- 
lar: circulatory depression, shock, hyper- 
tension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, 
depression, floating feeling), dreams; 
gastrointestinal: constipation, dry mouth; 
dermatologic including local: diaphore- 
sis, sting on injection, flushed skin in- 
cluding plethora, dermatitis including 
pruritus; other: urinary retention, head- 
ache, paresthesia, alteratiors in rate 
or strength of uterine contractions dur- 
ing labor. 


Rarely reported reactions include— 
neuromuscular and psychiatric: muscle 
tremor, insomnia, disorientation, hallu- 
cinations; gastrointestinal: taste altera- 
tion, diarrhea and cramps; ochthalmic: 
blurred vision, nystagmus, diplopia, mio- 


bulwark £ 


against pain 


of moderate to severe intensity 


Injectable Talwin 


Brand of 


pentazocine (as lactate) 


sis; other: tachycardia, soft tissue in- 
duration, nodules, cutaneous depression, 
and ulceration (sloughing) at the injec- 
tion site, weakness or faintness, chills, 
moderate transient eosinophilia, allergic 
reactions including edema of the face. 


See Acute CNS Manifestations and Drg 
Dependence under WARNINGS. 


Dosage and Administration: Adu/ts, Ex- 
cluding Patients in Labor. The recom- 
mended single parenteral dose is 30 mg. 
by intramuscular, subcutaneous, or in- 
travenous route. This may be repeated 
every 3 to 4 hours. Doses in excess ef 
30 mg. intravenously or 60 mg. intra- 
muscularly or subcutaneously are not 
recommended. Total daily dosage should 
not exceed 360 mg. As with most paren- 
teral drugs, when frequent daily in- 
jections are needed over a prolonged 
period, intramuscular administration is 
preferable to subcutaneous. In addition, 
constant rotation of injection sites (e.g., 
the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is recommended. 


Patients in Labor. A single, intramuscu- 
lar 30 mg. dose has éeen most com- 
monly administered. An intravenous 20 
mg. dose has given adequate pain relief 
to some patients in labor when con- 
tractions become regular, and this dose 
may be given two or three times at two- 
to three-hour intervals, as needed. 


Children Under 12 Years of Age. Since 
clinical experience in children under 
twelve years of age is limited, the use 
of Talwin in this age group is not rec- 
ommended. 


CAUTION. Talwin should not be mixed 
in the same syringe with soluble bar- 
biturates because precipitation will 
occur. 


Overdosage: Manifestations. Clinical ex- 
perience with Talwin overdosage has 
been insufficient to define the signs of 
this condition. 


Treatment. Oxygen, intravenous fluids, 
vasopressors, and other supportive meas- 
ures should be employed as indicated. 
Assisted or controlled ventilation should 
also be considered. Although nalorphine 
and levallorphan are not effective anti- 
dotes for respiratory depression due to 
overdosage or unusual sensitivity to 
Talwin, parenteral naloxone (Narcan®, 
available through Endo Laboratories) is 
a specific and effective antagonist. If 
naloxone is not available, parenteral 
administration of the analeptic, methyl- 
phenidate (Ritalin®), may be of value if 
respiratory depression occurs. 


Talwin is not subject to narcotic controls. 


How Supplied: Ampuls of 1 ml. (30 mg.) 
and 112 ml. (45 mg.) in boxes of 10, 25, 
and 100. Ampuls of 2 ml. (60 mg.) in 
boxes of 25 and 100. Each 1 ml. contains 
Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base and 2.8 mg. 
sodium chloride, in water for injection. 


Multiple dose vials of 10 ml., each 1 ml. 
containing Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. 
base, 2 mg. acetone sodium bisulfite, 
1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water 
for injection. Boxes of 1. 
The pH of Talwin solutions is adjusted 
between 4 and 5 with lactic acid and 
sodium hydroxide. The air in the ampuls 
and vials has been displaced by nitro- 
gen gas. 

Winthrop Laboratories 

New York, N.Y. 10016 


Winthrop | 
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Very little is the correct answer...even though 

the number of tablets is 4,380. That's because these 

tablets are Ascriptin—the Maalox' protected aspirin. 
Ascriptin provides 5 grains of aspirin. Yet...thanks to 

Maalox (magnesium-aluminum hydroxide), the most 


widely preferred of all antacids—it guards 
against aspirin-induced gastric distress 
as well. No wonder more and more 


physicians today rely on Ascriptin for Ase riptin 


long-term salicylate therapy. ASC -protected Æ aspirin 








WILLIAM H. RORER, INC. Ies] 


Ketalar f 
(Ketamine HCl) — = 







One year of nationwide 
clinical use; one decade of 
research and development 
at Parke-Davis. A continu- 
ing program that has 

made KETALAR anesthesia 


a reality. In routine induction, 


a smooth, 
uncomplicated start 


KETALAR provides efficient 
induction for practically any 
anesthetic regimen and is ad- 
ministered I.M. or LV. which 
greatly simplifies the proce- 
dure for children and adults 
alike. KETALAR is also clini- 
cally compatible with com- 
/, |monly used general anes- 

/ |thetics, pre- and postanes- 
thetic medications, includ- 
ing anticholinergics, muscle 
relaxants, and tranquilizers. 


In high-risk surgery, 
an added measure 
of safety 


KETALAR lessens surgical risk 
for many emergency and 
"poor-risk" patients. It often 
elevates blood pressure. It 
usually affects respiration 
minimally and leaves pro- j 
tectivelaryngeal-pharyngeal | 54 ! 
reflexes intact. Airway pa- d 
tency can usually be main- 
tained without intubation. 





In short procedures, absence of tachyphylaxis 


‚more problems 
solved, fewer 
created 

e |KETALAR, as sole agent, 
simplifies and improves an- 


esthesia in a host of "prob- 
lem procedures." It has 


proven to be especially valu- 


able in the management of 
severe burn patients, and its 
rapid andprofound anal- 
gesic effect provides a major 
advantage in numerous 
painful diagnostic tests and 
short surgical procedures 
not requiring skeletal mus- 
cle relaxation. The virtual 


-3 anesthesia by intramuscular 
gB injection. In terms of both 
| efficacy and convenience, 
B the clinical experience with 
&. KETALAR may qualify it in 














-. |anesthesia. 

- É KETALAR UPDATE: 

i} | Now indicated for use in 
| |cardiac catheterization. 


for IM use. 


and organ/tissue accumula- 
tion is a definite plus in re- 
petitive procedures. Grow- 
ing experience with 
KETALAR shows that emer- 
gence reactions can be ef- 
fectively reduced by allow- 
ing patients to awaken 
naturally with minimal ver- 
bal or tactile stimulation, 
and, where indicated, by 
employing agents such as 
droperidol or diazepam. 


In pediatrics, a new 
era in anesthesia 


KETALAR anesthesia repre- 
sents a milestone in the 
management of infants and 
children. It offers — for the 
first time — efficient general 


many instances as the agent 
of choice for pediatric 


Now available in new 
100 mg./ml., 5 ml. vials 





See next page for prescribing information. 


advancement in Ketalar l 
anesthesiology (Ketamine HCI) 


Parke-Davis 





advancement in [XO] Ketalar: 
anesthesiology ex Seale HCI) 
-Davis 


KETALAR (Ketamine Hydrochloride) 


SPECIAL NOTE: EMERGENCE REACTIONS HAVE OC- 
CURRED IN APPROXIMATELY 12 PER CENT OF PA- 
TIENTS. . 


THE PSYCHOLOGICAL MANIFESTATIONS VARY IN SE- 
VERITY BETWEEN PLEASANT DREAM-LIKE STATES, 
VIVID IMAGERY, HALLUCINATIONS AND EMERGENCE 
DELIRIUM. IN SOME CASES THESE STATES HAVE BEEN 
ACCOMPANIED BY CONFUSION, EXCITEMENT, AND 
IRRATIONAL BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. THE DURA- 
TION ORDINARILY LASTS NO MORE THAN A FEW 
HOURS; IN A FEW CASES, HOWEVER, RECURRENCES 
HAVE TAKEN PLACE UP TO 24 HOURS POSTOPERA- 
TIVELY. NO RESIDUAL PSYCHOLOGICAL EFFECTS ARE 
KNOWN TO HAVE RESULTED FROM USE OF KETALAR. 
THE INCIDENCE OF THESE EMERGENCE PHENOMENA 
IS LEAST IN THE YOUNG (15 YEARS OF AGE OR LESS) 
AND ELDERLY (OVER 65 YEARS OF AGE) PATIENT. 
ALSO, THEY ARE LESS FREQUENT WHEN THE DRUG IS 
GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF VERBAL, TAC- 
TILE, AND VISUAL STIMULATION OF THE PATIENT IS 
MINIMIZED DURING THE RECOVERY PERIOD. THIS 
DOES NOT PRECLUDE THE MONITORING OF VITAL 
SIGNS. IN ADDITION, THE USE OF A SMALL HYP- 
NOTIC-DOSE OF A SHORT-ACTING OR ULTRASHORT- 
ACTING BARBITURATE OR OTHER AGENT SUCH AS 
DIAZEPAM MAY BE REQUIRED TO TERMINATE A 
SEVERE EMERGENCE REACTION. CERTAIN DRUGS 
SUCH AS DROPERIDOL OR DIAZEPAM INTRAMUS- 
CULARLY HAVE ALSO BEEN USED IN AN ATTEMPT 
TO REDUCE THE INCIDENCE OF EMERGENCE REAC- 
TIONS: SUFFICIENT DATA HAVE NOT YET BEEN 
ACCUMULATED TO CONSTITUTE THOROUGH DOC- 
UMENTATION. THE INCIDENCE OF EMERGENCE RE- 
ACTIONS IS REDUCED AS EXPERIENCE WITH THE 
DRUG IS GAINED. 

WHEN KETALAR IS USED ON AN OUTPATIENT BASIS, 
THE PATIENT SHOULD NOT BE RELEASED UNTIL RE- 
COVERY FROM ANESTHESIA IS COMPLETE AND THEN 
SHOULD BE ACCOMPANIED BY A RESPONSIBLE 
ADULT. 


INDICATIONS: Ketalar is recommended: 1. as the sole 
anesthetic agent for diagnostic and surgical procedures 
that do not require skeletal muscle relaxation. Ketalar 
is best suited for short procedures but it can be used, 
with additional doses, for longer procedures. 2. for the 
induction of anesthesia prior to the administration of 
other general anesthetic agents. 3. to supplement low- 
potency agents, such as nitrous oxide. 


See package insert for full prescribing information. 


CONTRAINDICATIONS: Ketalar is contraindicated in 
persons in whom a significant elevation of blood pres- 
sure would constitute a serious hazard and those who 
have shown hypersensitivity to the drug. 


WARNINGS: Ketalar should be used by or under the 
direction of physicians experienced in administering 
general anesthetics and in maintenance of an airway 
and in the control of respiration. Cardiac function 
should be continually monitored during the procedure 
in patients found to have hypertension or cardiac de- 
compensation. Barbiturates and Ketalar should not be 
injected from the same syringe. Prolonged recovery 
time may occur if barbiturates and/or narcotics are 
used concurrently with Ketalar. Postoperative confu- 


sional states may occur during the recovery period. 
Respiratory depression may occur with over-dosage or 
too rapid a rate of administration of Ketalar in which 
case suppcrtive ventilation should be employed. Me- 
chanical support of respiration is preferred to adminis- 
tration of analeptics. 


USAGE IN PREGNANCY: Since the safe use in preg- 
nancy, including obstetrics, has not been established, 
such use is not recommended. 


PRECAUTIONS: Because pharyngeal and laryngeal re- 
flexes are usually active, Ketalar should not be used 
alone in surgery or diagnostic procedures of the 
pharynx, larynx, or bronchial tree. Mechanical stimula- 
tion of the pharynx should be avoided, whenever pos- 
sible, if Ketalar is used alone. Muscle relaxants, with 
proper attention to respiration, may be required in both 
of these instances. Resuscitative equipment should be 
ready for use. The incidence of emergence reactions 
may be reauced if verbal and tactile stimulation of the 
patient is minimized during the recovery period. This 
does not preclude the monitoring of vital signs (see 
Special Note). The intravenous dose should be admin- 
istered over a period of 60 seconds. More rapid admin- 
istration may result in respiratory depression or apnea 
and enhanced pressor response. In surgical procedures 
involving visceral pain pathways, Ketalar should be sup- 
plemented with an agent which obtunds visceral pain. 
Use with caution in the chronic alcoholic and the 
acutely alcchol-intoxicated patient. An increase in cere- 
brospinal fiuid pressure has been reported following 
administration of ketamine hydrochloride. Use with ex- 
treme caution in patients with preanesthetic elevated 
cerebrospinal fluid pressure. 


ADVERSE REACTIONS: Cardiovascular: Blood pressure 
and pulse rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension and brady- 
cardia have been observed. Arrhythmia has also 
occurred. 


Respiration Although respiration is frequently stimu- 
lated, severe depression of respiration or apnea may 
occur following rapid intravenous administration of 
high doses of Ketalar. Laryngospasms and other forms 
of airway obstruction have occurred during Ketalar an- 
esthesia. 


Eye: Diplopia and nystagmus have been noted follow- 
ing Ketalar administration. It also may cause a slight 
elevation in intraocular pressure measurement. 
Psychological: (See Specia! Note). 


Neurological: In some patients, enhanced skeletal mus- 
cle tone may be manifested by tonic and clonic move- 
ments sometimes resembling seizures. 


Gastrointestinal: Anorexia, nausea or vomiting have 
been observed; however this is not usually severe and 
allows the great majority of patients to take liquids by 
mouth shor:ly after regaining consciousness. 


General: Local pain and exanthema at the injection site 
have infrequently been reported. Transient erythema 
and/or moroilliform rash have also been reported. 


HOW SUPPLIED: Ketalar solutions containing the hy- 
drochloride in concentrations equivalent to ketamine 
base are available in 5, 10, 20, and 50 ml. vials. These 
vials contain 100, 50, 10, and 10 mg./ml., respectively. 
Each vial is supplied individually and in cartons of 10. 

Le 


PARKE-DAVIS 


10827 1R PA-631 


PARKE, DAVIS & COMPANY Detroit. Michigaa 48232 


-now available-the only all-chymotrypsin tablet 





Avazyme^-100 is the double strength form of. 
Avazyme" . This is the only oral proteolytic enzyme product 
that contains 100% chymotrypsin N.F. as its sole active 
ingredient. 

Why is this important? 

In human intestinal juice, unlike trypsin which is 
rapidly inactivated, chymotrypsin is far less susceptible to 
inactivation. After 30 minutes in human intestinal juice, as 
much as 63% of chymotrypsin was still enzymatically ac- 
tive while only 8 % of trypsin retained its activity.’ 

In human plasma, chymotrypsin activity has been 
measured and confirmed’ following oral administration — 
demonstrating bioavailability of Avazyme 5 active in- 
gredient. 

Only AVAZYME" -100, Crystalline Chymotryp- 
sin (40 mg.), offers pure chymotrypsin — more than any 
other oral proteolytic enzyme tablet. 


REFERENCES: CONTRAINDICATIONS: This drug is 


1. Wohlman, Alan, et al: Proc. Soc. 
Exp. Biol. & Med. 109: 26, 1962. 


2. Avakian, S.: Clin. Pharmacol. & 
Therap. 5: 712, 1964: 


3. Ambrus, J. et al: Clin. Pharmacol. & 
Therap. 8: 362, 1967. 


DESCRIPTION : 

Each white tablet contains 40 mg. of 
crystalline chymotrypsin equivalent in 
proteolytic activity to 100,000 Wam- 
pole units (40,000 N.F. Units). The 


tablets have a special enteric coat to in-- 


sure release in the intestine. ACTION: 
The experimental evidence for the anti- 
inflammatory action of chymotrypsin 
and other orally administered anti-in- 
flammatory enzymes is based on animal 
studies. 


Wampole Laboratories, Dist. 


6/72 


INDICATIONS 

Based on a review of this drug 
by the National Academy of Sci- 
ences — National Research Coun- 
cil and/or other information, FDA 
has classified the indications as 
follows: 

"Possibly" effective: Relief of 
symptoms related to episiotomy. 

Lack of substantial evidence of 
effectiveness: Adjunctive therapy 
for the resolution of inflammation 
and edema resulting from serious 
accidental trauma or surgical 
trauma. 

Final classification of the less- 
than-effective indications requires 
further investigation. 





contraindicated in patients with a his- 
tory of a prior allergic reaction to 
chymotrypsin. WARNING: USE IN 
PREGNANCY — Safe use of this drug 
during pregnancy has not been estab- 
lished. ADVERSE REACTIONS: An occa- 
sional patient may experience nausea, 
vomiting, diarrhea, and skin rash. DOS- 
AGE AND ADMINISTRATION: One white 
Chymotrypsin tablet (40 mg.) four 
times daily. There are no known incom- 
patibilities. DISCUSSION OF CLINICAL 
USE: Controlled clinical studies have 
demonstrated the anti-inflammatory ac- 
tion of Avazyme (Crystalline Chymo- 
trypsin) in cases of urologic surgery, 
episiotomy, and surgery of the head 
and neck. Corroborative evidence in 
support of the clinical efficacy has been 
obtained upon treatment of inflamma- 
tory conditions resulting from surgical 
and accidental trauma. 


DIV. DENVER CHEMICAL MFG. CO., STAMFORD, CT. 06904 
IN CANADA; DENVER LABORATORIES (CANADA) LTD., TORONTO 








in hemorrhagic disease of the newborn 


"The American Academy of 


Pediatrics Committee on 
Nutrition’ prefers Vitamin K, 
to the analogues 


"Vitamin K, and commonlyemployed synthetic 
vitamin K analogues . . . are all probably safe 
and effective when administered to the infant 
in proper dosage for the prophylaxis and treat- 
ment of hypoprothrombinemia and spontane- 
ous hemorrhage of premature and full-term 
infants. However, the margin of safety is al- 
most certainly greatest with vitamin K, (phy- 
tonadione) and vitamin K, is therefore con- 


- sidered the drug of choice. . . ." 


AquaMEPHYTO! 


(PHYTONADIONE | MSD) 


Aqueous Colloidal Solution of Vitamin 
INJECTION, 2 mg or 10 mg per cc 


VITAMIN K,—IDENTICAL WITH THE VITAMIN OCCURR 
IN FOOD 


In the prevention and treatment of hemorrha 
disease of the newborn, AquaMEPHYTON off 
e speciiicity —AquaMEPHYTON is a specific corr 
tive of the most common cause of hemorrhage 
the newborn—prothrombin deficiency? 

e greater margin of safety—kernicterus has not be 
observed after prophylactic or therapeutic dose: 
AquaMEPHYTON, although it has occurred, un: 
certain conditions, with the analogues 


For additional prescribing information, please see facing page. 





1. Pediatrics 28:501-507, Sept. 1961. 
2. Quick, A. J.: Hemorrhagic Diseases 
and Thrombosis, 2nd ed., Philadelphia, 
Lea & Febiger, 1966, p. 110. 





e À 
Warnings: In anticoagulant-induced 
hypoprothrombinemia, overzealous ATLAS of 
therapy may restore conditions which 
originally permitted thromboembolic ° 


phenomena; keep dosage as low as pos- 

sibte and check prothrombin time reg- GASTROINTESTIN AL 
ularly. Phytonadione will not counteract 

the anticoagulant action of heparin. 

Precautions: Avoid rapid intravenous 

injection; intravenous administration, SURGERY 

when warranted, must not exceed a 

rate of 5 mg per minute. 

Temporary Mosi a proto 
epressing anticoagulants may result, ] 

especially when larger doses of phyto- re Ap neni Pare Pro 
nadione are used; when reinstituting essor of Surgery, and Director 
anticoagulant therapy after relatively of Institute of Gastroenterology, 
large doses of phytonadione, it may be Tokyo Women's Medical College 
necessary to use somewhat larger 
doses of the prothrombin-depressing 
anticoagulant, or to use one which 
acts on a different principle, such as 
heparin sodium. 

The aqueous colloidal solution for injec- 


Here is an atlas of exceptional surgical merit 
and surpassing beauty from a distinguished 
Japanese surgeon. Dr. Nakayama presents, in 





tion should not be diluted with other vivid, step-by-step fashion the surgical methods 
than the recommended diluents. When | that have won him international acclaim. 
dilutions are indicated, administer im- 

mediately after mixture with diluent, The author is a pioneer and a world leader in 
and discard unused portions of the dilu- | the field of esophageal surgery. One-third of 


tion as well as unused contents of the 
ampul. Store in a dark place and pro- 
tect from light at all times, even after 


his atlas is devoted to surgery of this type. |t 
includes a description, in minute detail, of Dr. 
Nakayama’s reconstruction of the cervical esoph- 


dilution. i ; 

Adverse Reactions: Rarely, severe re- agus using a revascularized segment of the 
actions, including shock, have occurred bowel. In the remaining two-thirds of the 
with rapid intravenous administration. 3 atlas you'll find operations on the rest of the 
Transient “flushing sensations” and : gastrointestinal tract plus the gall bladder, bile 


"peculiar" sensations of taste have 


` duct, liver, pancreas, and spleen. 
been observed, as well as rare instances 





of dizziness, pg and weak pulse, pro- Surgical indications, pre- and postoperative care 
ese T ES Mirta MEE | and complications ane described along with the 
swelling, and tenderness at the injec- i surgical techniques. A beautiful section of the 
tion site may occur. The ssibility of | atlas contains large photographs of, and in- 
allergic sensitivity, including an ana- structions for the use of, Dr. Nakayama's in- 
EM reaction, should be kept in ] struments for small vessel anastomosis. 
mind. 1 

Hyperbilirubinemia has been observed | 649 Pages 1500 Illustrations 1969 $42.00 


rarely in the newborn following admin- 
istration of phytonadione in a dose of 

5 mg. However, at the usual prophy- 
lactic dose of 1 mg, this has not oc- 
curred. Kernicterus has not been re- 





J. B. Lippincott Company 


ported following administration of the East Washington Square 

aqueous colloidal solution at any thera- Philadelphia, Pa. 19105 

peutic dose level. - 

How Supplied: Injection AquaMEPHY- Please send me: 

TON (Phytonadione, MSD)—yellow, | Atlas of Gastrointestinal Surgery... .. 


sterile, aqueous, colloidal solution 
ee, in each cc: phytonadione 
(vitamin K,), 2 mg or 10 mg; 70 mg 
polyoxyethylated fatty acid derivative, 
37.5 mg dextrose, and 0.9% benzyl 
alcohol. In 0.5-cc ampuls containing 
1 mg of vitamin K;, and in 1.0-cc am- 
puls, 2.5- and 5.0-cc multiple-dose vials, 
containing 10 mg of vitamin K; per cc. ASE/T2 





For more detailed information, consult your MSD 
representative or see the Direction Circular. Merck 
Sharp & Dohme, Division of Merck & Co., Inc., 
West Point, Pa. 19486 | 


. MSD merck SHARP & DOHME 


Think about it 


Benaar 
Injectable 





® 





diohenhydramine HCl iniectio 











See next page for prescribing informati 


HIGH POTEN 


in injectable antiemetic 


PARKE-DAV 





Think about it 


Benadryl Injectable 
hydramine HCl injection! 





INDICATIONS: Benadryl in the injectable form is effective 
for the following conditions when Benadryl in the oral form 
is impractical: Antihistaminic: For amelioration and pre- 
vention of allergic reactions to blood or plasma in patients 
with a known history of such reactions; in anaphylaxis as 
an adjunct to epinephrine and other standard measures 
after the acute symptoms have been controlled; and for 
other uncomplicated allergic conditions of the immediate 
type when oral therapy is impossible or contraindicated. 
Antiemetic: For active treatment of motion sickness. 
Antiparkinsonism: For use in parkinsonism (including 
drug-induced extrapyramidal reactions), when oral therapy 
is impossible or contraindicated, as follows: parkinsonism 
in the elderly who are unable to tolerate more potent 
agents, mild cases of parkinsonism in other age groups, 
and in other cases of parkinsonism in combination with 
centrally acting anticholinergic agents. 
CONTRAINDICATIONS: This drug should not be used in 
premature or newborn infants. Do not use in patients with: 
Hypersensitivity to diphen- Prostatic hypertrophy 
hydramine hydrochloride Stenosing peptic ulcer 
Asthmatic attack Pyloroduodenal obstruction 
Narrow-angle glaucoma Bladder-neck obstruction 
Preparations containing diphenhydramine hydrochloride 
should not be given to patients receiving monoamine oxi- 
dase inhibitors. 
WARNINGS: Overdosage of antihistamines may produce 
convulsions or death, especially in infants and children. As 
in the case of other preparations containing central ner- 
vous system depressant drugs, patients receiving diphen- 
hydramine hydrochloride should be cautioned about addi- 
tive effects with alcohol and other central nervous system 
depressants (hypnotics, sedatives, and tranquilizers). 
Patients who become drowsy on diphenhydramine hy- 
drochloride should be cautioned against engaging in ac- 
tivities requiring mental alertness, such as driving a car or 
operating heavy machinery or appliances. 
Pregnancy Warning: Although there is no evidence that 
the use of diphenhydramine hydrochloride is detrimental 
to the mother or fetus, the use of any drug in pregnancy or 
lactation should be carefully assessed. 
As with all anticholinergic drugs, an inhibitory effect on 
lactation may occur. 
Hypersensitivity Warning: Hypersensitivity reactions to 
diphenhydramine hydrochloride including anaphylactic 
shock, are more likely to occur following parenteral ad- 
ministration than oral administration. 


PARKE. DAVIS & COMPANY. Detroit, Michigan 48232 


115872 


PRECAUTIONS: Avoid subcutaneous or perivascular in- 
jection. 

Diphenhydramine has an atropine-like action which 
should be considered when prescribing diphenhydramine 
hydrochloride. Use with caution in patients with a history 
of asthma. 

ADVERSE REACTIONS: The following side effects may 
occur in patients receiving diphenhydramine hydrochlo- 
ride: drowsiness; confusion; nervousness; restlessness; 
nausea; vomiting; diarrhea; blurring of vision; diplopia; 
difficulty in urination; constipation; tightness of the chest 
and wheezing; thickening of bronchial secretions; dryness 
of mouth, nose. and throat; tingling, heaviness, weakness 
of hands; nasal stuffiness; vertigo; palpitation; headache; 
insomnia; urticaria; drug rash; photosensitivity; hemo- 
lytic anemia; hypotension; epigastric distress; anaphylac- 
tic shock. 

DOSAGE AND ADMINISTRATION: Benadryl in the inject- 
able form is indicated when the oral form is impractical. 
CHILDREN: 5 mg/kg/24 hr. or 150 mg/m^/24 hr. Maximum 
daily dosage is 300 mg. Divide into four doses, adminis- 
tered intravencusly or deeply intramuscularly. 

ADULTS: 10 to 50 mg. intravenously or deeply intramuscu- 
larly; 100 mg. if required; maximum daily dosage is 400 mg. 

The basis for determining the most effective dosage 

regimen will be the response of the patient to medication 
and the condition under treatment. 
HOW SUPPLIED: Benadryl for parenteral use is available 
as: A sterile solution containing 10 mg. diphenhydramine 
hydrochloride in each milliliter of solution with 1:10,000 
benzethonium chloride as a germicidal agent. Supplied in 
10-ml. and 30-ml. Steri-Vials (rubber-diaphragm-capped 
vials). 

A sterile solution containing 50 mg. diphenhydramine 
hydrochloride in each milliliter of solution with 1:10,000 
benzethonium chloride as a germicidal agent and q.s. 
sodium hydroxide or hydrochloric acid to adjust pH. Sup- 
plied in 10-ml. Steri-Vials. 

A sterile solution containing 50 mg. diphenhydramine 
hydrochloride in a 1-milliliter disposable syringe. The pH of 
the solution may have been adjusted with either sodium 
hydroxide or hydrochloric acid. Supplied in packages of 10. 

Sterile solution for parenteral use containing 50 mg. di- 
phenhydramine hydrochloride in a 1-ml. ampoule. Sup- 
plied in boxes of 10. 


PARKE-DAVIS 


PA.619 
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A Remarkably Effective Aid to Continuing Education in Surgery 


SESAP 


T Comprehensive 


SESAP is designed to help the surgeon extend his 
knowledge in nine areas essential to his daily prac- 
tice: Pre- and postoperative care; fluids and electro- 
lytes—shock, resuscitation, blood, anesthesia— 
wounds, burns, plastic, infection—cardiae, thoracic, 
vascular—gastrointestinal—endocrine, obstetrics / 
gynecology, breast—EENT, genitourinary, neuro- 
logical, orthopedic—cancer—trauma. 





Designed for the Surgical Specialist 
SESAP covers that body of surgical knowledge 
which should be possessed by all surgeons, general 
surgeons as well as specialists, if they are to ad- 
minister gompetent clinical care. 

* 


Convenient 


SESAP may be completed at any time, anywhere. 
No deadline: SESAP will continue through 1973. 


Voluntary 

SESAP is available from the American College of 
Surgeons to Fellows of the College and all other 
Doctors of Medicine. 


Confidential 

Only the SESAP participant himself will ever judge 
and know his own level of performance. He returns 
nothing to the College or any other agency. 


Thoroughly indexed and referenced 

Each of the 750 items comprising the SESAP 
package is indexed in an extensive bibliography in- 
cluding both standard textbooks and the current 
surgical literature. 


HOW TO APPLY FOR SESAP 


Fill out the application form. Send the application, 
together with your check for the appropriate 
amount indicated below, to the American College 
of Surgeons. Enclose your personal check as follows: 


Fellows of the College. ............ $35.00 
Members of the ACS Candidate 

SIMD stink 5/5 ba. eberpabGPr$ieuxr $35.00 
Individual Residents with the MD 

ask i Sakina ARE Ra aus $35.00 


(Application must include a letter from 
program director or hospital administra- 
tor certifying resident status) 


Other individuals with the MD degree $60.00 


GROUP RATES. The director of an approved 
residency training program may apply for multiple 
packets of assessment material for his residents. 
He should send a single check for $100 if the group 
comprises not less than 3 residents, but no more 
than 10 residents. If he applies for more than 10 
residents, he should enclose a single check for an 
amount arrived at by multiplying the number of 
residents applied for by $10. 


On receiving your application and check, the 
College will send you the assessment packet. The 
packet includes the assessment books, an answer 
key which allows you to score your answers, and a 
table of norms with which you can compare your 
score with the scores of various groups of general 
and specialty surgeons who participated in SESAP 
in 1971, and whose answers were scored by computer. 





Surgical Education and 
Self-Assessment Program 


APPLICATION 
SESAP 


American College of Surgeons 
55 East Erie Street 
Chicago, Illinois 60611 


| wish to make this assessment. 

My check for $35 O $60 O is enclosed. 
I am a Fellow of the College (3 

I am a non-Fellow Doctor of Medicine [3 

I am a resident. I enclose a letter from my 
program director (hospital administrator) certi- 
fying my resident status O 


Name (Please Print) 


Street Address 


City & State Zip 


Application for group enrollment 


A. For a Group of 3 to 10 Residents. A 
check for $100 covering residents 
(must be at least 3, but no more than 10) 
in my approved and listed residency 
program is enclosed. 


B. For a Group of More than 10 Residents. 
A check for $ covering. — 1. 
residents (must be more than 10) at the 
rate of $10 per resident is enclosed. 


Make checks payable to American College of 
Surgeons, 

— 
I do not wish to apply at this time. Please 
send me more information and a Prospectus O 
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Volume 1—GENERAL PRINCIPLES 
(Introductory, Trauma and Breast) 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 


304 Pages Illuséárated 1968 $25.00 


Volume 2—THORAX, INCLUDING 
CARDIAC SURGERY 


W. P. Cleland, M.B., B.S., F.R.C.S. 
426 Pages Illustrated 1968 $31.00 


Volume 3—VASCULAR SURGERY 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 


276 Pages Illustrated 1968 $22.00 


Volumes 4 & 5—ABDOMEN, RECTUM, ANUS 
(2 volumes) 


Charles Rob, M.C., M.D., M.Chir., F.R.C.S. 
Rodney Smith, M.S., F.R.C.S. 

Sir Clifford Naunton Morgan, M.S., F.R.C.S., 
F.R.C.O.G. 


838 Pages Illustrated 1969 $69.00 
Volume 6—HEAD AND NECK 

Maurice R. Ewing, F.R.C.S. 

254 Pages Illustrated 1969 $18.00 


Volume 7—PLASTIC SURGERY 
Richard Battle, M.B.E., M.Chir., F.R.C.S. 
231 Pages Illustrated 1969 $20.00 


Volumes 8 & 9—ORTHOPAEDICS 
Ronald Furlong, F.R.C.S. 
587 Pages Illustrated 1970 (U.S.) $45.00 
Volume 10—EYES, EAR, NOSE AND THROAT 


Sir Stewart Duke-Elder, K.C.V.O., Ph.D., LL.D., 
M.D., F.R.C.S., F.R.C.P., F.R.S. 
Maxwell Ellis, M.D., M.S., F.R.C.S. 


350 Pages Illustrated 1969 $26.00 


Volume 11—THE HAND 
R. Guy Pulvertaft, M.A., M.B., B.Ch., F.R.C.S. 
262 Pages illustrated 1970 $26.00 


Volume 12—GENITO-URINARY SYSTEM 


J. D. Fergusson, M.A., M.D., F.R.C.S. 
J. P. Williams, M.Chir., F.R.C.S. 


400 Pages illustrated 1971 $31.00 


Volume 13—GYNAECOLOGY 
AND OBSTETRICS 


D. W. T. Roberts, M.A., M.Chir., F.R.C.S., 
M.R.C.O.G. 


210 Pages Illustrated 1971 $18.00 


Volume 14—NEUROSURGERY 
Valentine Logue, F.R.C.S. 
320 Pages Illustrated 1971 $20.00 


Second Edition Now Complete* 
OPERATIVE SURGERY . 


Under the General Editorship of Charles Rob, M.C., 
M.D., M.Chir., F.R.C.S., ana Rodney Smith, M.S., 
F.R.C.S. 


With the appearance of Volume 14, the tremen- 
dous task of revising this valuable seg is now ac- 
complished. Welcomed in its first *edition as an 
unsurpassed pictorial presentation of surgical tech- 
nics, OPERATIVE SURGERY has been updated for 
this new Second Edition by a distinguished team of 
surgeons and teachers. It abounds in new material 
—new chapters have been added; new develop- 
ments are described; new operations are included. 
All technics, operations and instruments were care- 
fully reviewed and brought into line with current 
practice. 


The number of volumes in the set has almost 
doubled. 


Each volume depicts procedures step-by-step, with 
vivid illustrations plus brief text. The reader follows 
each operation as though he were in the operating 
room observing an outstanding surgeon. The basic 
format includes: Pre-Operative Notes: The Opera- 
tion (from incision to closure including drainage, 
alternative procedures, dangers); Special  Post- 
Operative Care and Complications. 


J. B. LIPPINCOTT COMPANY 


East Washington Square, Phila., Pa. 19105 


Please send me volumes circled below: 
1 2 3 4&5 6 7 8&9 
10 I 12 13 14 


PI cc: ib e aad oe E AE e e Lead 


8-4 Ge O70 9' 9. 6.86 9 oc ele: On 9 QR (q'e^p^o" à 80155814 6) aa A6 ‘aoe 


[] Payment Enclosed 


C] Charge and Bill me 
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Ga. AFvoTuPERATIVE PallNT — 


FIND HAPPINESS WITH BOWEL STASIS? 


Of course not. That's why FLEET® ENEMA is used so 
often on the third postoperative day. It virtually as: 
sures evacuation without pain or discomfort. 

FLEET ENEMA cleanses the left colon and rectum 
in minutes (five at the most), inducing a physio- 
logical pattern of evacuation that spares bedridden 
patients the cramping of oral laxatives, the burning 
of suppositories, and the irritation of soapsuds ene- 
mas. 

And FLEET ENEMA is completely, but completely, 





disposable: there's nothing to fill, nothing to assem- 
ble, nothing to clean. 

FLEET ENEMA. Happiness for the postoperative pa- 
tient with bowel stasis and for his doctor. 


Warning: Frequent or prolonged use of enemas may result 
in dependence. Take only when needed or when prescribed by 
a physician. Do not use when nausea, vomiting, or abdomirfal 
pain is present. 

Caution: Do not administer to children under two years of age 


unless directed by a physician. 
C. B. FLEET CO., INC. 


Lynchburg, Va. 24505 
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.. Librium 
— (hlordiazepoxide HCI) ` 





It helped prepare 50 highly anxious patien 
| for cardiac surgery: 





* Cardiac surgery afforded an excel- 
lent test of Librium (chlordiazepoxide 
HCl) as preoperative antianxiety 
medication to help patients enter sur- 
gerywith greater calmness and with- 
out evidence of cardiovascular or 
respiratory depression. 

In a recent double-blind study,* 50 
anxious patients were given a 10-mg 
capsule of Librium and 50 patients re- 
ceived a placebo on a t.i.d. schedule, 
one day preoperatively and on the 
day of cardiac surgery. All patients 
were given 100 mg of Librium or pla- 
cebo, plus 0.4*mg scopolamine, I.M., 
60 to 90 minutes before operation. 

Clinical and psychologic tests 
showed that the Librium-treated 
group entered the operating room 
significantly lower in manifest anx- 
iety than the placebo group, with no 
evidence of respiratory depression, 
hypertension, hypotension, nausea 
or emesis. 

In general use, the most common 
side effects reported have been 
drowsiness, ataxia and con- 

fusion, particularly in the elderly 

and debilitated. Librium 

is available as 5-mg 
and 10-mg capsules, 
and 100-mg ampuls 
for reduction of 
preoperative 
anxiety. On days 
preceding surgery 
the recommended 
dose is 5to10 mg p.o., 
t.i.d. or q.i.d.;if used as 
preoperative medication, 
50 to 100 mg I.M. one 
hour prior to surgery. 


“Gibbs, L.; Svigals, R. E., and Riklan, M.: 
Anesth. Analg., 50:17, 1971. 

(A copy of this study is available on 
request from your Roche 
representative .) 











Before prescribing, please consult corfiplete product infor- 
mation, a summary of which follows: 

Indications: Indicated when anxiety, tension and appre- 
hension are significant components of the clinical profile. 


Contraindications: Patients with known hypersensitivity 
to the drug. 


Warnings: Caution patients about possible combined 
effects with alcohol and other CNS depressants. As with 
all CNS-acting drugs, caution patients against hazardous 
occupations requiring complete mental alertness (e.g., 
operating machinery, driving). Though physical and 
psychological dependence have rarely been reported on 
recommended doses, use caution in administering to 
addiction-prone individuals or those who might increase 
dosage; withdrawal symptoms (including convulsions), 
following discontinuation of the drug and similar to those 
seen with barbiturates, have been reported. Use of any 
drug in pregnancy, lactation, or in women of childbearing 
age requires that its potential benefits be weighed against 
its possible hazards. 


Precautions: ORAL: In the elderly and debilitated and in 
children over six, limit to smallest effective dosage (ini- 
tially 10 mg or less per day) to preclude ataxia or overseda- 
tion, increasing gradually as needed and tolerated. Not 
recommended in children under six. 

INJECTABLE: Keep patients under observation, preferably 
in bed, up to three hours after initial injection; forbid 
ambulatory patients to operate vehicle following injection; 
do not administer to patients in shock or comatose states; 
use reduced dosage (usually 25 to 50 mg) for the elderly or 
debilitated and for children age twelve or older. 

ORAL AND INJECTABLE: Though generally not recom- 
mended, if combination therapy with other psychotropics 
seems indicated, carefully consider individual pharma- 
cologic effects, particularly in use of potentiating com- 
pounds such as MAO inhibitors and phenothiazines. 
Observe usual precautions in presence of impaired renal 
or hepatic function. Paradoxical reactions (e.g., excitement, 
stimulation and acute rage) have been reported in psychi- 
atric patients and hyperactive aggressive children. Employ 
usual precautions in treatment of anxiety states with 
evidence of impending depression; suicidal tendencies 
may be present and protective measures necessary. 
Variable effects on blood coagulation have been reported 
very rarely in patients receiving the drug and oral anti- 
coagulants; causal relationship has not been established 
clinically. 

Adverse Reactions: Drowsiness, ataxia and confusion may 
occur, especially in the elderly and debilitated. These 

are reversible in most instances by proper dosage adjust- 
ment, but are also occasionally observed at the lower 
dosage ranges. In a few instances syncope has been 
reported. Also encountered are isolated instances of skin 
eruptions, edema, minor menstrual irregularities, nausea 
and constipation, extrapyramidal symptoms, increased 
and decreased libido—all infrequent and generally con- 
trolled with dosage reduction; changes in EEG patterns 
(low-voltage fast activity) may appear during and after 
treatment; blood dyscrasias (including agranulocytosis), 
jaundice and hepatic dysfunction have been reported 
occasionally, making periodic blood counts and liver 
function tests advisable during protracted therapy. 

With the injectable form, isolated instances of hypoten- 
sion, tachycardia and blurred vision have been reported; 
also hypotension associated with spinal anesthesia, and 
pain following I.M. injection. 

Supplied: Librium capsules containing 5 mg, 10 mg or 

25 mg chlordiazepoxide HCI; 5-ml ampuls containing 

100 mg chlordiazepoxide HCI; Libritabs* tablets con- 
taining 5 mg, 10 mg or 25 mg*chlordiazepoxide. 


Roche Laboratories 
Division of Hoffmann-La Roche Inc. 
Nutley, N.J. 07110 





unique mucoadhesive foam 


a better way to 
medicate the mucosa 


in postoperative therapy, 


hemorrhoids, proctitis, 4 4 


cryptitis, fissures, g>. < 
and pruritus ani Yh 






...after surgery 

Local steroid-analgesic therapy has not quite fulfilled its 
promise to proctology, because cosage forms often limit 
therapeutic success: conventional ointments and suppositories 
tend to under- or overshoot the most common operative sites— 
the anal canal and lower rectum.!-6 By assuring more thorough 
coverage of the definitive pathologic sites... 

Proctofoam-HC® offers greater promise of a short and 
pain-free postoperative period 

e better contact with the involved tissues;!-6 spreads evenly 
throughout the anal canal, rectal crypts, papillae, and 
hemorrhoidal sites 

e faster wound healing!-35 (22 to 3 weeks instead of an 

expected 3v2 to 4 weeks)? 
«less scar formation—wounds were more 
EA 2 pliable, with clean, healthy-looking 
É granulating tissue! 

e less edema, inflammation, swelling, itching, 
pain, and tenesmus! 3.5.6 
e preferred by patients to other forms of 
therapy!-*.5 


j Reed & Carnrick/Kenilworth, N.J. 07033 


Proctofoam-HC 


antiinflammatory/antipruritic/ analgesic 

Each measured dose (approx. 6.5 ml.) delivers hydrocortisone acet: 
1%, pramoxine hydrochloride 1%, in a water-soluble, mucoadhesiv 
foam base. 


in postoperative 
therapy, 
hemorrhoids, 
proctitis, 
cryptitis, 
fissures, 

and pruritus ani 


Proctofoam-HC 


Active Ingredients: Hydrocortisone acetate, 
1%, and pramoxine hydrochloride, 1%, in 

. amucoadhesive foam base. 

Indications: Temporary relief of anorectal 
inflammation, pruritus, pain and swelling 
associated with hemorrhoids, proctitis, 
cryptitis, fissures, postoperative pain and 
pruritus ani. 

Contraindications: Abscess, extensive 
fistulas or sinus tracts, tuberculosis, varicella, 
vaccinia or acute herpes simplex. 
Precautions: A complete rectal examination 
to rule out serious pathology should be com- 
pleted before instituting therapy. Do not use 
on infected lesions unless accompanied by 
antiinfective agents. Discontinue use if 
sensitivity develops. 

Caution: Do not insert any part of the aerosol 
container into the anus. Contents of the con- 
tainer are under pressure, but not flammable. 
Dosage: One applicatorful two or three times 
daily and after each bowel evacuation. 
Perianally, apply as needed. 

How Supplied: In aerosol container providing 
15 Gms. of medication (approx. 25 appli- 
cations) with special rectal applicator and 
patient instructions. 

References: 1. Bernstein, l.: Surg. Dig. 4:23, 
Jan. 1969. 2. Sladek, W. R.: Scientific exhibit 
presented at 69th Annual Meeting of American 
Proctologic Society, Hollywood, Fla., April 
12-16, 1970. 3. Sladek, W. R.: Amer. J. Clin. 
Res. 1:33, Jan.-Feb. 1970. 4. O'Brien, J. R.: 
Surg. Dig. 4:27, April 1969. 5. Miller, H.: 
Amer. J. Proctol. 18:59, Feb. 1967. 6. Lieber- 
man, W.: Amer. J. Proctol. 20:134, April 1969. 





Reed & Carnrick/Kenilworth, N.J. 07033 











ARTERIAL 
SURGERY 


By H. H. G. Eastcott, M.D., F.R.C.S. 

















This handsomely-illustrated work offers an ex- 


ceptionally complete clinical, pathological and 






therapeutic presentation of the entire range 






of arterial disorders. The causes of arterial 






diseases and injuries are fully described, to- 






gether with precise surgical procedures. The 






entire clinical picture for each disorder is dis- 






cussed, and an abundance of case reports is 






included. 







"Only a surgeon with a breadth and depth of 






experience could present the subject so 
. This is 
an outstanding volume which can be highly 






thoroughly and authoritatively. . . 







recommended and without reservation to medi- 






cal students, residents, general surgeons, and, 






in this reviewer's opinion, to experienced vas- 






cular surgeons."—Surgery, Gynecology and 
Obstetrics. 








412 Pages 652 Illustrations 1969 $22.00 


J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 








Please send me: 






Arterial Surgery ................... 


215 99 *? ^» $' 6 ms 9 KB nv E ERE wi 9 9» 5 9/85 


did SE E D Ac D M EE E EL o e n UE ML JALAE PLE EU ee ee ern VR E 






ia painboanets e Zip CODE ...... 
[] Payment Enclosed [7 Bill me 






Traumatic wounds 
complicated by infectiort-an urgent concerns. 


*due to susceptible organisms 





(cephaloridine) 


| Loridine I. M.: 500-mg. ampoule 
therapy worthy of consideration 





Traumatic wound infections often require the 
rapid and effective action that Loridine I.M. can provide 
when they are due to susceptible organisms. 

Loridine is active in vitro against many pathogens that 
may cause skin and soft-tissue infections, including sus- 
ceptible strains of staphylococci, Escherichia coli, and 
streptococci, and is also effective in the presence of mixed 





infections.! 





Before Administration of Loridine 


1. Determine renal status before 
. initiating therapy. 

e2. |n patients with renal impair- 
ment, reduced dosage should be em- 
ployed. Other antibiotic therapy 
should be considered if impairment is 
due to acute tubular necrosis. 


3. As with other antibiotics, appro- 
priate specimens for culture and sus- 
ceptiBility testing should be obtained. 


4. Use cautiously with other poten- 
tially nephrotoxic antibiotics (e.g., 
gentamicin, kanamycin, colistin, and 
, polymyxin B), in penicillin-allergic pa- 
* tients, and in those receiving potent 


diuretics, such as furosemide or etha- 
crynic acid. 


During Administration of Loridine 


1. Because of potential nephrotox- 
icity, daily dosages above 4 Gm. are 
not recommended for patients with 
normal renal function. The usual 
range for adults is 1.5 to 3 Gm. daily. 
In patients with renal impairment, 
recommendations in the package lit- 
erature should be followed for main- 
tenance dosage after a loading dose 
of 0.5 to 1 Gm. If an endogenous 
creatinine clearance is considered 
more desirable than available BUN or 
serum creatinine concentrations for 
establishing the maintenance dosage, 


One dose of Loridine provides measurable serum levels 
of antibacterial activity up to twelve hours. 

These are a few of many reasons why Loridine provides 
therapy worthy of consideration. 


tMany strains of enterococci are relatively resistant. Some strains of staphy- 
lococci are resistant. Pseudomonas organisms are resistant, as are most indole- 
producing Proteus species and motile Enterobacter species. 


Lilly 


the initial loading dose may be given 
and results of that test obtained dur- 
ing the ensuing six or eight hours. If 
renal function improves during ther- 
apy, readjustment of dosage may be 
desirable. 


2. Maintain proper hydration. 


3. Monitor renal status. Renal im- 
pairment may be indicated by the ap- 
pearance of urinary casts, proteinuria, 
oligurig, a rising BUN or serum creat- 
inine, or a decreasing creatinine 
clearance or urine/plasma creatinine 
ratio. 


4. If impaired renal function devel- 
ops or worsens during therapy, dis- 


continue use. 


Please turn page for prescribing information. 


[z] Loridine IM. 


Because of, nephrotoxicity, (e.g., tubular necrosis) of cephaloridine 
in dosages above 4 Gm. daily (see Warnings and Adverse Reactions), 
recommended doses shougd not be exceeded. Renal status of the pa- 
tient should be determined prior to initiation of therapy. Patients 
with known or suspected impairment of renal function should be under 
close clinical observation for changes in renal function or be hospital- 
ized, and reduced dosage should be employed. If impaired renal func- 
tion develops during therapy, cephaloridine should be discontinued. 


Actions: Human Pharmacology—Peak blood levels of 7 and 14 mcg. 
per ml. respectively were obtained in one-half to one hour following 
intramuscular doses of 250 and 500 mg. in humans. Measurable 
levels of cephaloridine persisted for longer than twelve hours. 

Loridine is excreted unchanged largely by glomerular filtration. 
Doses of 250 and 500 mg. produced very high antibacterial con- 
centrations in the urine, in some instances approaching 1,000 
mcg. per ml. 

Its nucleus and degradation products differ from those of peni- 
cillin. However, some patients who are allergic to penicillin or to 
other cephalosporins may also be allergic to Loridine. 

Microbiology—The in-vitro bactericidal action of Loridine results 
from inhibition of cell-wall synthesis. It is not bound significantly 
to plasma protein. 

Loridine is active against the following organisms in vitro: 

Beta-hemolytic and other streptococci (many strains of enter- 
ococci, e.g., Streptococcus faecalis, are relatively resistant) 

Staphylococci, both coagulase-positive and coagulase-negative 
(some strains of staphylococci are resistant to cephalor- 
idine) 

Pneumococci 

Gonococci 

Hemophilus influenzae 

Escherichia coli and other coliform bacteria 

Klebsiella 

Proteus mirabilis 

Loridine is active against Treponema pallidum in animal studies. 

All tested strains of group A streptococci, pneumococci, and 
penicillin-G-susceptible staphylococci are susceptible to Loridine. 
However, some strains of penicillinase-producing staphylococci are 
resistant in vitro to concentrations of Loridine that can be achieved 
in the serum. The majority of strains of H. influenzae, Pr. mirabilis, 
Esch. coli, and Klebsiella are also susceptible in vitro. 

Pseudomonas organisms are resistant to Loridine, as are most 
indole-producing Proteus species and motile Enterobacter species. 


Indications: Loridine is indicated in the treatment of serious infec- 
tions of the respiratory tract, genito-urinary tract, bones and joints, 
bloodstream, soft tissue, and skin due to susceptible strains of the 
organisms listed above. It is also indicated for therapy of early 
syphilis when penicillin may be contraindicated. (See Warnings in 
regard to cross-sensitivity with penicillin.) It is indicated in the 
treatment of gonorrhea when penicillin is not considered the drug 
of choice. 

Appropriate culture and susceptibility studies should be per- 
formed. If the susceptibility tests show that the causative organism 
is resistant to Loridine, other appropriate antibiotic therapy should 
be instituted. 


Contraindications: Loridine is contraindicated in those persons who 
have shown hypersensitivity to it or other cephalosporins. 
Warnings: IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVATIVES 
SHOULD BE USED WITH GREAT CAUTION, THERE IS CLINICAL AND LABORATORY 
EVIDENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS. INSTANCES OF PATIENTS WHO HAVE HAD SEVERE REACTIONS 
TO BOTH DRUGS, INCLUDING DEATH FROM ANAPHYLAXIS, HAVE BEEN REPORTED. 

Impairment of renal function during treatment may be indicated 
by the appearance of casts in the urine, proteinuria, falling urinary 
output, a rising BUN or serum creatinine, or a decreasing creati- 
nine clearance or urine/plasma creatinine ratio. 

Cephaloridine should be given cautiously when used with other 
antibiotics having nephrotoxic potential, e.g., gentamicin, kanamy- 
cin, polymyxin B, and colistin. 

The results of experimental studies in animals suggest that the 
concurrent use of potent diuretics, such as furosemide or etha- 
crynic acid, may increase the risk of renal toxicity. 

Usage in Pregnancy—Safety of this product for use during preg- 
nancy has not been established. 

Precautions: In the case of infections due to beta-hemolytic strep- 
tococci, antibiotic therapy shoulB be continued for at least ten days. 

In the therapy of gonorrhea, patients in whom there is reason to 
suspect concomitant syphilis should have dark-field examinations 


\ 
(cephaloridine) 
500-mg. ampoule |, —— 


of all suspect lesions before treatment and monthly serologic tests 
for a minimum of three months. 
Indicated surgical procedures should be performed in conjunc- 


tion with antibiotic therapy. 


Superinfections may develop with organisms not in the spectrum 
of Loridine, particularly Pseudomonas. These can be recognized by 
clinica! observation and by means of appropriate cultures. If they 
occur, proper therapeutic measures should be taken. 

Since safety for use in premature infants and in infants under 
one month of age has not been established, administragon of 
cepha oridine to these patients is not recommended. 

A felse-positive reaction for glucose in the urine may occur with 
Benedict's or Fehling’s solution or with Clinitest® tablets but not 
with Tes-Tape® (urine sugar analysis paper, Lilly). 


Adverse Reactions: Hypersensitivity—Maculopapular and erythem- 
atous rashes, urticaria, and anaphylaxis have been reported. 
Drug fever and eosinophilia also have been goted. Hypersensitivity 
reactions are more likely to occur in tients with a history of 
allergy, particularly to penicillin. 

Blood—Neutropenia and leukopenia have been reported. Some 
indivicuals have developed positive direct Coombs tests during 
therapy. 

Liver—Transient elevations of transaminase and alkaline phos- 
phatase levels have been noted. The significance of these findings 
is uncertain. 

Renal—Severe, acute renal failure, in some cases terminating 
in deeth, has occurred in a small number of patients receiving 
Loridine. The possibility of this complication seems to be greater 
in seriously ill patients given more than recommended doses. 
Acute tubular necrosis has been noted in affected patients coming 
to autopsy. 

Local Reactions—Pain on I.M. injection of Loridine is rare, and 
phlebitis on I.V. injection occurs infrequently. 

Other—Nausea and vomiting have been reported. 


Administration and Dosage: Loridine should be dissolved in either 
Sodium Chloride Injection or Sterile Water for Injection. (See the 
package literature for Dilution Table.) 

Intramuscular Injection— Loridine is usually injected into a large 
muscle mass, for example, the gluteal region or the lateral aspect 
of the thigh. 

The usual adult dosage for many infections of moderate severity 
is 500 mg. to 1 Gm. three times a day at equally spaced intervals. 
Milder and more susceptible infections have been treated with 250 
to 500 mg. given two or three times a day. More severe infections 
may b» treated with 500 mg. to 1 Gm. four times a day. 

A single 2-Gm. dose is recommended for the treatment of aqute 
gonorrhea. 

Early syphilis may be treated with 500 mg. to 1 Gm. daily for ten 
to fourteen days. 

If more than 2 Gm. of cephaloridine is injected daily, the patient 
should be under close clinical observation for changes in renal 
functicn or be hospitalized. In addition, reduced dosage should be 
employed in patients with known or suspected rena] impairment 
(see package literature). 

In children, a daily total of 30 to 50 mg. per Kg. (15 to 25 mg. 
per pound) of body weight, given in divided doses, has been found 
effective for mild to moderately severe infections. A daily total of 
100 mz. per Kg. (50 mg. per pound) of body weight (not to exceed 
recommended adult doses) may be needed for very severe infec- 
tions. Since safety for use in premature infants and in infants 
under one month of age has not been established, the use of cepha-e 
loridine in these patients is not recommended. 

In both adults and children, failures have appeared to be related 
more closely to insusceptibility of the organism or peor general 
condition of the patient than to inadequate dosage. 

Intravenous Injection—In the presence of extremely serious in- 
fections (such as bacteremia) or when any infection seems over- 
whelming, intravenous administration may be indicated. 

Total daily dosages ere the same as with intramuscular injection. 
For very susceptible organisms, 500 mg. to 1.5 Gm. per day may 
suffice; for less susceptible organisms and for serious infections, 
2 to 4 Gm. per day may be needed. 

How Supplied: Ampoules Loridine® (cephaloridine, Lilly), 500 mg., 

5-ml. size, rubber-stoppered; 1 Gm., 10-ml. size, rubber-stoppered. 
[020472] 

Additicnal information available to the profession on request. 9 

Eli Lilly and Company 

Indianapolis, Indiana 46206 200309 


Blood replacemen 
in surgery? 


When surgical blood loss requires replacement therapy, the treatment of choice 
might be packed red blood cells. Volume for volume, packed red blood cells provide 
approximately twice the oxygen carrying capacity of whole blood. Also, when 
packed red blood cells are your choice of therapy, the threat of transfusion reactions 
is lessened. ' 

Other important facts on the advantages of packed red blood cell therapy are 
available from your blood bank physician. Consult him for the facts. 


SK FENWAL LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES. INC 
Morton Grove, Illinois 60053 


Fenwal...innovators of the BLOOD-PACK* Unit system for component therapy. 


Physician's Handbook of Blood Component Therapy 
(American Association of Blood Banks) First Edition, 1969 











Microbicidal power A -— 
of BETADINE Surgical 4 
Scrub was used in Apolo a3 

11/12 Splashdowns 


Selected by NASA for dacontam i MR facile 
in pari 41/12 Splashdowns, BETADINE Surgical Scrub offers unique advan- 
tages for preoperative degerming of the skin of your patients. It kills bacteria 
(both gram-positive and gram-negative), fungi, viruses, protozoa and yeasts. It is 
fully microbicidal with each application—there is no waiting for a gradual anti- 
bacterial buildup. 





After prepping the operative site with BETADINE Suraical Scrub, per with 
BETADINE Solution or spray with BETADINE Aerosol Spray. Both are fully micro- 
bicidal, film-forming, exert longer microbicidal action than iodine tincture, and 
maintain microbicidal action in the presence of blood, pus, serum or necrotic 
tissue. The site of application can be bandaged or taped. 


Reapply BETADINE Solution or 
BETADINE Agrosol Spray after suturing and during redressing. BETADINE micrg- 
bicides are virtually nonirritating and do not stain skin or natural fabrics. In the 
rare instance of local irritation or sensitivity to BETADINE Surgical Scrub, dis- 
continue use in the individual. 





Purdue Frederick 


\ 


For the busy surgeon . . . an up-to-date review . 
i of recent progress To 


THE SURGICAL MANAGEMENT 
OF VASCULAR DISEASES 


e 
Edited by Henry Haimovici, M.D. With 24 Contributors. 


This timely book provides a comprehensive overview of the 
latest diagnostic methods and therapeutic procedures for some 
of the most important venous and arterial diseases amenable to 
surgical correction. 


Chapters in this well-organized work range from Plication of the 
Interior Vena Cava for Prevention of Pulmonary Embolism to 
Surgical Indications in Renovascular Hypertension. Illustrated 
chapters were contributed by authorities in fields of vascular 
surgery, thoracic surgery, internal medicine, cardiology, hema- 

A tology, and radiology. Clinically-sound conclusions are presented, 
based upon data from long-term follow-ups and the recent emerg- 
ence of standardized techniques and surgical indications. 


- Everyone concerned with the limits and advantages of vascular 
surgery will benefit from the important material that fills the 
pages of this helpful book. 


ù 200 Pages d 155 Illustrations è 1970 e $18.50 
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- ` Inthe hospital fight 
gainst G.U. Infection 





Macrodantin (nitrofura ntoin macrocrystals) 
is Kind (to your patients) 


Keeps your treatment where 
the problem is...avoids the 
problems of overtreatment 


E Antibacterial action confined to one tract only... 


the urinary tract 


W High urinary and presumably renal medullary 


levels 


E Does not suppress normal bacterial flora else- 
where in the body*...does not foster resistant flora 
in the bowel which may cycle reinfection 


Unique macrocrystals 


improve gastrointestinal tolerance 


MACRODANTIN® (nitrofurantoin macrocrystals) Prescribing Information. 





INDICATIONS: Mocrodontin (nitrofurantoin 
macrocrystals) is indicated for the treatment 
of pyelonephritis, pyelitis and cystitis due to 
E. coli, enterococci, Staph. aureus or a smoll 
percentage of strains of Pseudomonas, when 
demonstrated to be susceptible by in vitro 


susceptibility testing. Also for treatment of. 


such infections when due to some susceptible 


strains of Klebsiella-Aerobacter cnd Proteus. 


Itisnotindicatedfor the treatment of associated 


renal cortical or perinephric abscesses, sys- 
temic infections or prostatitis, or in any geni- 
tourinary tract infections other than pye- 


lonephritis, pyelitis and cystitis. 

CONTRAINDICATIONS: Anuria, oliguria or 
extensive impairment of renal function is a 
contraindication. The drug is contraindicated 
for infants under one month and in pregnant 


patients at term. The drug should nct be admin- 
istered to persons who have shown hyper- 
sensitivity to nitrofurantoin. 

WARNINGS: Macrodantin may cause hemolytic 
anemia of the primaquine sensitivity type, ap- 
parently linked to a glucose-6-phosphate dehy- 
drogenase deficiency. This deficiency is found 
in 10 per cent of Negroes and in a small per- 
centage of ethnic groups of Mediterranean and 
Near-Eastern origin. Such patients should be 
observed closely while receiving nitrofurantoin. 
Discontinue the drug at any sign of hemolysis. 
Hemolysis ceases on withdrawal. Superinfec- 
tions may occur, most commonly due to Pseudo- 
monas. 

USAGE IN PREGNANCY: THE SAFETY OF NITRO- 
FURANTOIN DURING PREGNANCY AND LAC- 
TATION HAS NOT BEEN ESTABLISHED. IT 





SHOULD NOT BE USED IN WOMEN OF CHILD- 
BEARING POTENTIAL UNLESS THE EXPECTED * 
BENEFITS OUTWEIGH THE POSSIBLE HAZARDS. 
PRECAUTIONS: Peripheral neuropathy moy 
occur. A fatality has been reported. Predis- 
posing conditions such as renal impairment, 
anemia, diabetes, electrolyte imbalance, 
vitamin B deficiency and debilitating disease 

may enhance such occurrence. : 
ADVERSE REACTIONS: Nausea, emesis and di-* 
arrhea may occur; reduction in dosage mw 
alleviate these symptoms. Sensitization appear: 
ing as cutaneous eruptions or pruritus has. 
occurred. Hypersensitivity reactions resulting" 
in nonfatal anaphylaxis, angioedema, SSuffno: 
nary infiltration with pleural effusion and 
eosinopbiliahave been reported. Other possible 
reactions are chills, fever, jaundice, asthmatic 
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erobacter ss < oo | nitrofurantoin remains 
Klebsiella- y q 
. Aerobacte 
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Mass Audit of Bocter gy Cultures, Vol. II part II for the periods shown (1965-1969 
National Audit of Pathology (Urine) Culture in hospitals (108) located throughout nine 
Kl Dsi ll census reqions Ser tivity testing wos by the disk method, o aenerally reliable test th 
e lg d hospital environment. Disk was the 100 mcg. concentration. While standard testing methods 
83.3 69.0 57 8 73.4 were used DY all 108 hc spitals, it IS recognized thot in Such surveys, consi Jeration must 
be qiven to methodology variations as possible ources ofe rror. Thus. tt ese fig jres ore 
not absolute. In addition, selection of therapeutic druas should not necessari v be based or 
laboratory results alone, but consideration should be given to the clinico picture and 
Proteus 54 4 56 9 41.4 46 9 potential toxicity of the therapeutic choice. However, this is a national survey of urinary 
i i pathogens, and the extreme care in data collection and tabulation does permit generally 
acceptable con onclusior s that the figures are significant 
XY T 
symptoms and hypotension. Occasionally head- traindicated under one month). the ical 
a ache, dizziness, nystagmus, vertigo, drowsiness, SUPPLIED: Macrodantin (nitrofurantoin mac- u ^ 
malaise and muscular aches have occurred. rocrystals) Capsules of 25 mg., 50 mg., and 
Transient alopecia has been reported. Leuko- 100 mg. a 
penia, including granulocytopenia, has been EATON PRODUCT CODE —For easy product 
reported rarely. The blood picture has returned identification and verification — Mocrodantin Macrodantin 
to normal following cessation of therapy. As Capsules 25 mg. (007), 50 mg. (F03), 100 mg. 
withother antimicrobial agents, superinfections (F04) Capsules 100 mg/50mg/25 mg 
resistant organisms m ccur. With j 
Dy ee Nic. PORU H * Pyelonephritis, pyelitis or cystitis due to sus- 
i acrodantin, however, these are limited to the ^ 
ceptible organisms. See prescribing informa- 
W gpenitourinary tract because suppression 
tion for additional information concerning 
of normal bacterial flora elsewhere in the body CO ence n re 
à susceptible organisms, possible side effects, 
ages nol occur. adverse reactions and precautions 
OSAGE: Adult: 50 to 100 mg. four times a day. ATRE dis 
dren: Should be calculated on the basis *As with other antibacterials, superinfections : . 
. 4 D Or wnotors ar 1 De opers of The Nitrofi ( 1S 
of 5 to 7 milligrams per kilogram (2.2 to 3.2 mg. may occur, but with Macrodantin these are os LABO! STORIES NOUS Ra 
z EATON LABORA 4 
per Ib.) of body weight per 24 hoyrs, to be limited to the urinary tract. Pseudomonas is Drvieton.ot The Norwich Phormocal Con \pany 
given in divided doses four times o day (con- the organism most commonly implicated. NORWICH, NEW YORK 13815 
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& A may be a common surgical procedure, 
but it is not necessarily a minor procedure 
for the anesthesiologist. And, certainly, spinal 
fusion to correct scoliosis is a long and often com- 
plicated procedure for both surgeon and anes- 
thesiologist. 
From a T & A to the complexity of spinal 
fusion, FLUOTHANE (halothane) anesthesia offers 
important characteristics which are adaptable to 


the needs of many surgical procedures. For ex- 





from T&A... 


ample, in T & A and other ENT surgery, the 


ease with which the plane of anesthesia is deep- 
ened or lightened may be of special significance 
because of the small body size of the pediatric 
patient. And, in prolonged surgery such as spinal 


fusion, there is minimal cardiorespiratory de- 


h 


» 


pression with FLUOTHANE—an importante anes- f 
thetic requirement. d 
From T & A to spinal fusion, FLUOTHANE 
is the most widely used inhalant anesthetic... — « 

q 
l 

~w 
“~ 
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/to spinal fusion 


with good reason. 


et-X0 nonflammable, nonexplosive 


O permits use of high concentrations of oxygen 
o allows free use of cautery for more adequate 
control of bleeding 


o minifhal odor facilitates smooth, rapid induc- 


V tion without engendering patient distress 


y o early obtundation of pharyngeal and laryngeal 


reflexes facilitates intubation—effects which 





persist throughout light planes of maintenance 
o nonirritating to air passages—does not provoke 
laryngospasm, retching, coughing 

D lessens airway problems 

O permits rapid changes in depth of anesthesia 

o emergence is rapid and tranquil with quick 
recovery of protective reflexes 

O minimal nausea and vomiting—shorter 
recovery room stay 


 FLUOTHANE 


y brandof HALOTHANE 





^ Zthe most widely used inhalant anesthetic 


from 


Ayerst. „for precision, experience, and quality. C 


` 
(See last page of advertisement for BrieMSummary.) 


J 
80A T d 
BRIEF SUMMARY. , 
(For full prescribing infarmatgon, 

, 


see package'circular.) 
FLUOTHAN E? (HALOTHANE) 

FLUOTHANE is MU and its 
vapors mixed *eh«pxyr en in propor- 
tions from 0.5 to 50 per cent (v/v) are 
not explosive. FLUOTHANE does not de- 


compose in contact with warm soda 
lime. When moisture is present, the 
vapor attacks aluminum, brass, and 


lead, but not copper. FLUOTHANE is solu- 
ble in rubber, some plastics, and similar 
materials; 
ate rapidly in contact with FLUOTHANE 


such materials will deterior- 


vapor or liquid. Stability of FLUOTHANE 
the addition of 0.01 
per cent thymol (w/w), and storage is in 


is maintained. by 


amber colored bottles. 
FLUOTHANE should not be kept in- 


definitely in vaporizing bottles not spe- 
d l ! 


cifically designed for its use. It is recom- 
mended that vaporizers be emptied atthe 


end of each operating day. Thymol does 


not volatilize along with FLUOTHANE, and 





therefore accumulates in the vaporizer, 
and may, in time, impart a yellow color 
to the remaining liquid or to wicks in 
vaporizers. The development of such dis- 
coloration may be used as an indicator 
that the vaporizer should be drained and 
and the discolored FLUOTHANE 
Accumulation of thymol may 


cleaned, 
discarded, 
be removed by washing with diethyl 
ether. After cleaning a wick or vapor- 
make certain all the diethyl ether 
the 


izer, 


has been removed before reusing 
equipment to avoid introducing ether 
into the system. 

inhalation 


Actions. FLUOTHANE is an 


anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 
rapidly altered. FLUOTHANE 
sively depresses respiration. 


progres- 
There may 
be tachypnea with reduced tidal volume 
FLUOTHANE 
is not an irritant to the respiratory tract, 


and alveolar ventilation. 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea m: ayslevelop 
during deep anesthesia æ- 
r 
FLUOTHANE® [HALOTHANE] IS AVAILABLE 


-—— - 


IN THE UNITED STAT 


FLUOTHANE (halothane) reduces the 
blood pressure, and frequently decreases 
the pulse rate. 
tration of the drug, 
these changes become. 
verse the bradycardia. FLUOTHANE does 
not cause the release of catecholamines 


The greater the concen- 
the more evident 
Atropine may re- 


from adrenergic stores. FLUOTHANE also 
causes dilation of the vessels of the skin 
and skeletal muscles. Cardiac arrhyth- 
mias may occur during FLUOTHANE anes- 
thesia. These include nodal rhythm, AV 
ventricular 
FLUOTHANE 


dissociation, extra systoles 


and asystole. sensitizes the 
myocardial conduction system to the ac- 
tion of epinephrine and norepine- 
phrine, and the combination may cause 
serious cardiac arrhythmias. FLUOTHANE 
increases cerebral spinal fluid pressure. 
FLUOTHANE produces moderate muscu- 
Muscle 


used as adjuncts in order to maintain 


lar relaxation. relaxants are 


lighter levels of anesthesia. FLUGTHANE 
augments the action of nondepolarizing 
relaxants and = ganglionic 
FLUOTHANE is a 


blocking 
agents, potent uterine 
relaxant. 

Indications. FLUOTHANE is indicated for 
the induction and maintenance of gen- 
eral anesthesia. 

should 


Contraindications. FLUOTHANE 


be avoided when a previous exposure 
was followed by fever and jaundice, or 
when there was an unexplained postop- 
FLUOTHANE (halothane) 
is not recommended for obstetrical an- 


erative fever. 


esthesia except when uterine relaxation 
is required. 

Warnings. FLUoOTHANE should be used 
in vaporizers that permit a reasonable 
approximation of output, and prefer- 
ably of the calibrated type. The vapori- 
zer should be placed out of circuit in 
closed circuit rebreathing systems; 
otherwise overdosage is difficult to avoid. 
The patient should be closely observed 
[or signs of overdosage, i.e., depression 
of blood pressure, pulse rate, and venti- 
lation, particularly during assisted on 
controlled ventilation. 

Safe 


established 


Usage in use of 


I LUOTHANE 


Pregnancy: 


has not been 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early 


unless, in the judgment of the physician, 


pregnancy, 


the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. Cirrhosis or other abnor- 
malities involving liver dysfunction, in- 
cluding a history of viral hepatitis, may 
be a basis for selecting an anesthetic 
other than a halogenawed agent. 

The uterine relaxation obtained with 


ES BY ARRANG 


EMENT WITH IMPERIAL CHEMICAL INDUSTRIE 


FLUOTHANE, unless carefully controlled 
may fail to respond to ergot derivatives 
and oxytocic posterior pituitary extract, 
FLUOTHANE increases cerebrospinz 
fluid pressure. Therefore, in patients with 
markedly 
if FLUOTHANE is indicated, a&munistra- 


raised intracranial pressur:, 
tion should be preceded by measures 
ordinarily used to reduce cerebrospinal 
fluid should be 
carefully assessed, and it may be nec- 
essary to assist or control ventilation to 


pressure. Ventilation 


insure adequate oxygenation and car- 
bon dioxide removal. 

Epinephrine or 
should be employed cautiously, if at all, 
FLUOTHANE (haloghane) 
thesia since their simultaneous use may 


norepinephrine 


during anes- 
induce ventricular tachycardia or fibril- 
lation. 

Nondepolarizing relaxants and gan- 
glionic blocking agents should be ad- 


1 


ministered cautiously, since their ac tions aa 


are augmented by FLUOTHANE. 


Adverse Reactions. The following ad- 


verse reactions have been reported: 


hepatic necrosis, cardiac arrest, hypo- 


tension, respiratory arrest, cardiac ar- 


rhythmias, hyperpyrexia, shivering, 


nausea, and emesis. 





Dosage and Administration. FLUOTHANE 
may be administered by the nonre- 
breathing technic, partial rebreathing, 
The induction @ose 
The 
maintenance dose varies from 0.5 per 


or closed technic. 


varies from patient to patient. 


cent to 1.5 per cent. 
How Supplied. No. 3125—Unit pack- 
ages of 125 cc. and 250 cc. of halothane 


stabilized with 0.01% thymol (w/w). 


FLUOTHANE 


(HALOTHANE) 
the most widely used 


inhalant anesthetic... 
from 


AYERST LABORATORIES 
NEW YORK, N.Y. 10017 


for precision,experience, 


and quality. 


7202A 


o. LTD; 


L 


a. 
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Dialose Plus has no pits. 


ioctyl sodium sulfosuccinate and sodium carboxymethylcellulose plus casanthranol)' 


^e F 5 4 


Andnopitfalls, either,inthemanagement And Dialose Plus softens and lubricates, 


of the constipated surgical patient. too...for easier, less painful 
Because Dialose Plus is more consis- defecation. 

tently reliable than the old-fash- Also available: Dialose* (dioctyl sodium 

ioned constipation remedy. sulfosuccinate and sodium car- 

o lessen the strain of constipation, boxymethylcellulose)—for ef- 

it provides the effective yet fective stool softening and 


- gentle peristalsis stimulationbf lubrication, n peristalsis 
casanthranol. i stimulation is no uired. 


~ 


, RY STUART PHARMACEUTICALS | Pasadena, Calif. 911 
Division of ATLAS CHEMICAL INDUSTRIES, INC. 
bw 
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she’s had the best 


edtment for cervicitis. 
hy should her symptoms grow worse: 


ķicitis is a major cause of malodorous vaginal 
harge,and irritation. Cauterization is a definitive 
..tmenBllor cervicitis. But after cauterization, 
icteria Mermally present in the vagina may flourish 
the organic debris...cause increased necrosis 
d slough, more profuse and offensive discharge. 
he resullinay be temporarily increased irritation, 
elay in healing. 


e © 


| 2 In 
Ttrotüre one) 


aginal Suppositories/Cream 
e Cervical Dressing" 


lelps control infectio® after cauterization... 
inimizes malodorous discharge and irritation... 
ncourages prompt, dean healing 


RACI itrofurazone) VAGINAL SUPPOSITORIES 
rmula: 2 Gm. suppository, hermetically sealed in gold 
jil, contains Furacin (nitrofurazone) 0.3% (6 mg) in a 


ater-miscibl se. 
dications: Fdlreatment of 9$. vaginitis and cervicitis and 
e resulting -orrhea and malodor; prevention of infection 
fore and following cervicovaginal surgery and electrosurgery, 
cluding hysterectomy and postpartum repair; before and after 


hdiation therapy of pelvic neoplasms in women. 


Aode of Use: Insert one or two suppositories in the posterior 
Epix morning and night. The patient should remain supine 
» ininutes after insertion, to permit melting and spreading. 
P ing douches may be used prior to insertion if desired. 
JC TOI several days prior to surgery or radiation to eradicate 
ccessible infections, and thereafter until healing is complete. 
ENSITIZATION: The frequency of sensitization is low—probably 
t over 1%. Symptoms are local sensation of burning, pruritus or 
thema. Prompt termination of therapy causes the symptoms to 
isappear. 
upply—Boxes of 24 (with plastic applicator) and 12. 
Also available: Furacin (nitrofurazone) Vaginal Cream. 
contains Furacin (nitrofurazone) 0.2% in a water-miscible 
"team base. Tube of 85 Gm. with plastic plunger-type 
applicator (applicator delivers approximately 5.5 Gm. when 
led with cream). 

JTE: Furacin (nitrofurazone) preparations will darken on 
sure to strong light but this does not decrease their efficacy. 
'ON PRODUCT CODE—For easy product identific ation 
verification—Furacin Vgginal Suppositories (074). 
round-the-clock medical consultation on Eaton pr »ducts, 


shone Norwich, New York, Area Code 607, 334-9111. 
® Originators and Developers of The Nitrofuran ` 


EATON LABORATORIES 




























b Prompt relief of pain iga lot of what the practig? 
~e Of Ingdicine is all abou)... Fast or West. 
atn much of the Far Ea! | 

i EmYirin Com ;)0u wf wifh Codeine would prob de a 
pN ably be ipeasi Segni acupuncture, an ancient Aten s 
and tradiui* ea utic system. 3 









for oral analo® at it has become a criterion in 
erms Gf Rich qgher major oral analgesics are 
\ Most often measufed. ; i 

Synthetic and other oral analgesics may” 
offer some of the properties of codeine, but 
not one can provide both its benefits 
and potency. And codeine provides 
an antitussive bonus. i 

Empirin Compound with Codeine is the 
most widely used, and 
probably the most 
pharmaceutically ele- 
gant analgesic prepara- 
tion providing codeine. 
Its the time-tested combi- 
nation for predictable pain 
relief... whether the pain 
is visceral or musculo- 

skeletal; acute or chronic. 
New prescription flexibility. At your 
discretion, and where state law permits, a 
prescription for Empirin Compound with 
Codeine may now be refilled up to five 
times in six months. 

Empirin Compound with Codeine 
No. 3 contains codeine phosphate* (32.4 
mg.) gr. Vo. No. 4 contains codeine 
phosphate* (61.8 mg.) gr. 1. 
*(Warning — may be habit-forming.) 

x Each tablet also 

| m contains:as- 
pirin gr. JV, 
phenacetin gr 
2V5, caffeine/gr. 
V5. Bottles øf 100 
and 1000 


But for relief of Western f£ n 
EM PIF 
COM NDc 
IN 


Burroughs Wellcome Co., Research Triangle Park, North Carolina 27709, 
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